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RESUMO

ALVES, Raquel Duarte Moreira, D.Sc., Universidade Federal de Vigcosa, Marco de
2014. Efeito do consumo do amendoim ricem acido graxo oleico associado a uma
dieta hipocaldrica sobre a composicédo corporal, balanco energético e marcadores
metabolicos e inflanmatorios em homens com excesso de peso. Orientadora: Neuza

Maria Brunoro Costa. Coorientadores: Josefina Bressan, Rita de Cassia Gongalves
Alfenas.

Objetivos. Avaliar o efeito da ingestdo aguda e diaria de amendoim convencional e rico
em acido graxo oleico sobre a composi¢ao corporal, metabolismo energético e
marcadores bioquimicos de homens com sobrepeso ¢ obesidade. M etodologia: Trata-se
de um estudo clinico com homens com sobrepeso e obesidade foram alocados
aleatoriamente nos grupos: Controle (CT, n=22), amendoim convencional (CVP, n=22)
ou amendoim rico em acido graxo oleico (HOP, n=21). Os participantes seguiram uma
dieta hipocaldrica sem ou com 56 g/dia de amendoim convencional ou alto-oleico por 4
semanas. As principais andlises foram apetite, perda de peso corporal, composi¢cdo
corporal, termogénese induzida pela dieta (TID), oxidagdo de substratos, insulinemia,
glicemia, fator de necrose tumoral-alfa (TNF-a) e interleucina-10 (IL-10). Adotou-se
significancia estatistica de 5% de probabilidade. Resultados: A ingestdo aguda de
amendoim (CVP e HOP) elevou significativamente a TID, sem que alterasse a oxidagdo
pos-prandial de substratos energéticos. Apenas o HOP obteve compensacdo calorica
incompleta ao final do dia do teste. A sensagdo de plenitude gastrica foi menor no CVP
comparado ao CT e HOP. Enquanto o escore para a sensagdo de saciedade do CVP
retornou ao basal apds 3 horas da ingestdo da refeicdo teste, os grupos HOP e CT
mantiveram-se com escore elevado. J& para o escore da sensacdo de fome retornou aos
valores basais no CT e CVP, o grupo HOP manteve-se significativamente menor. A
ingestdo aguda do amendoim alto-oleico promoveu reducao na resposta pos-prandial de
glicose, insulina, TNF-0, comparado ao CVP e CT. Apo6s quatro semanas de
intervengdo, o peso € composicdo corporal ndo diferiram entre grupos, porém, a analise
dentro de um mesmo grupo indicou que a massa corporal gorda reduziu
significativamente apenas no CVP e HOP. Ademais, apenas o HOP apresentou redugdo
significativa do percentual de gordura corporal. A massa magra reduziu apenas no CT.
Ap0s a interven¢do, CVP e HOP aumentaram significativamente a oxidagdo de gordura
no periodo de jejum. Por outro lado, o aumento da oxidacdo de gordura apds 200

minutos foi verificado somente no HOP e CT. Alteragdes no perfil bioquimico de jejum

Xi



nao se diferiram entre os grupos apds a intervencdo. Entretanto, verificou que os
triacilglicerdis de jejum reduziram significativamente somente no CVP e HOP. E
embora todos os grupos tenham aumentado a IL-6 de jejum, apenas o HOP ndo
apresentou elevagao significativa do TNF-a de jejum apds a intervengdo. Conclusao:a
ingestdo aguda de amendoim alto-oleico contribuiu para maior TID, sensag¢ao de
plenitude géstrica, além de reduzir a resposta pés-prandial da glicemia, insulinemia e
TNF-a comparado ao amendoim convencional. A ingestdo didria de amendoim alto-
oleico elevou a oxidagdo de gordura e melhorou a composi¢do corporal, demonstrando

seu potencial funcional na prescricdo dietética para individuos com excesso de peso.
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ABSTRACT

ALVES, Raquel Duarte Moreira, D.Sc.,Universidade Federal de Vigosa, March, 2014.

Effects of high-oleic peanuts intake withina hypocaloric diet on body composition,
energy balance, and metabolic and inflaimatory biomarkers in overweight and

obese men. Advisor: Neuza Maria Brunoro Costa. Co-Advisors: Josefina Bressan and

Rita de Cassia Gongalves Alfenas.

Objective: To evaluate the effects of acute and daily consumption of high-oleic peanuts
on body composition, energy metabolism, and biochemical biomarkers in
overweight/obese men. Methods: In a 4-week randomized clinical trial, overweight and
obese men were assigned to the groups: control (CT, n=22); conventional peanuts
(CVP, n=22); or High-oleic peanuts (HOP, n=21). They followed a hypocaloric-diet
with or without 56 g/day of conventional or high-oleic peanuts. Main outcomes were
appetite, weight loss, body composition, diet-induced thermogenesis (DIT), substrate
oxidation, insulin, glucose, tumor necrosis factor-alfa (TNF-a), and interleukin-10 (IL-
10). Results: Postprandial energy expenditure and DIT were significantly higher in
HOP than in CVP without altering post-prandial substrate oxidation. Only HOP
presented score below 100 indicating incomplete compensation. Regarding appetite
sensation, CVP group felt less “full” than HOP and CT. After 3 hours, satiety score of
CVP returned to baseline, whereas HOP and CT remained significantly higher. Hunger
scores returned to baseline in CVP and CT and they were maintained significantly
lowered in HOP. Acute intake of high-oleic peanuts significantly lowered postprandial
responses of glucose, insulin, TNF-a, than CVP and CT. After 4-weeks intervention,
body weight and composition did not differ between groups. However, within group
total body fat (kg) reduced with CVP and HOP (p<0.05), with a significant decrease in
body fat percentage in HOP. Total lean mass (kg) decreased only in CT (p<0.05). At
baseline, HOP had greater postprandial fat oxidation than the CVP (p=0.04). After 4-
weeks, fasting fat oxidation increased in CVP and HOP (p<0.05). Fat oxidation
increased in CT and HOP during the 200 minutes after meal intake compared to the
fasting condition (p<0.05). Changes in fasting blood biomarkers did not differ between
groups after 4-weeks intervention. However, within groups, triglycerides were reduced
in CVP and HOP. IL-10 increased significantly in all groups while only the CT and
CVP showed increased TNF-a after intervention. Conclusion: High-oleic peanuts

contributed to higher DIT, higher sensation of fullness as well as reduced postprandial
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blood glucose, insulin, and TNF-a response compared to conventional peanuts. Regular
consumption of high-oleic peanuts increased fat oxidation and reduced body fatness,

which demonstrated its functional potential in dietary therapy of excess weight subjects.
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1. INTRODUCAO GERAL

A obesidade, uma doenga cronica resultante de disfungdo do balanco energético,
se caracteriza pelo excesso de adiposidade.'” Tem sua etiologia multifatorial com
interacdo genoOtipo-ambiente e interfere no controle hormonal e metabolico do
organismo.” * Ainda, contribui para um estado crénico de inflamagio de baixa
intensidade, que pode acarretar em efeitos deletérios ao sistema cardiovascular e a
homeostase glicidica.””

Em busca de novas estratégias para o tratamento desta doenca, pesquisas tém
sido conduzidas para se avaliar o efeito da ingestdo de oleaginosas no controle
metabolico e do peso corporal. Evidéncias sugerem que dietas que incluem oleaginosas,
dentre elas o amendoim, podem apresentar beneficios a saude uma vez que estas
sementes contribuem para a melhoria do perfil lipidico e de antioxidantes da dieta.*"'

O amendoim contém cerca de 8% de fibras alimentares, composto este com alto
poder de saciedade.'*'® Sabe-se que a ingestdo de alimentos com alto poder de
saciedade favorece o controle da ingestdo calodrica, levando a redugdo da sensagdo de
fome entre as refei¢des.'® Estudos apontam que elevado teor de fibra ¢ um dos
responsaveis pelo papel exercido pelo amendoim sobre o controle do peso corporal.'” 2

A proteina também ¢é um nutriente com alto poder de saciedade, além de ser o
macronutriente que mais eleva a termogénese induzida pela dieta, oxidagdo de lipidios e
gasto de ATP. Tais fatores podem contribuir para um balango energético negativo com
maior gasto energético e menor ingestdo alimentar, e, portanto, para maior perda de
peso.2' O amendoim contém elevado teor de proteinas, cerca de 24%, podendo assim
ser atribuido a ele um potencial sacietdgeno e termogénico.

O amendoim apresenta beneficios a saude apesar de ser um alimento com alta
densidade calorica, em média 5,9 kcal/g, e conter elevado teor de lipidios. Tais
beneficios estdo relacionados ao seu elevado teor de 4cidos graxos monoinsaturados
(AGMI) e poliinsaturados (AGPI).® Atualmente, ha um grande interesse em se estudar e
produzir cultivares de amendoim com elevado contetido de acido graxo oléico, um
AGML* O 4cido graxo oléico reduz o grau de peroxidagio lipidica durante o
armazenamento.”*

J& estd bem estabelecido na literatura que o perfil de acidos graxos da dieta
influencia diretamente o perfil lipidico plasmatico, e que os AGS t€ém maior potencial

aterogénico e de inflamacdo no tecido adiposo.® ** A substitui¢do isocalérica de AGS



por AGPI ¢ AGMI pode reduzir o colesterol total e LDL-c plasmaticos.*** A

substituicdo de AGS por AGMI contribui para a melhoria do controle glicémico e
também para a redugdo do peso corporal, uma vez que os AGS possuem maior
propensdo ao armazenamento no tecido adiposo, enquanto que os AGMI favorecem a
oxidagdo de gordura.””*° Coelho et al.” verificaram um aumento no gasto energético de
repouso de individuos com sobrepeso que consumiram 6leo de amendoim convencional,
e atribuiram este resultado ao perfil lipidico desta oleaginosa. Tal resultado indica que
h4 um potencial efeito do consumo do amendoim sobre o controle do peso corporal.’!

A redugdo do peso e do percentual de gordura corporal contribuem para a
diminui¢do e secre¢do de citocinas pro-inflamatorias e para o aumento das anti-

32, 33

inflamatorias. Ensaios clinicos apontam que, apesar do alto aporte calorico, a

ingestdo adicional do amendoim na dieta favorece a manuten¢do ou redug¢do do peso

18, 34
corporal, 834,35

o que pode contribuir para atenuar o estado inflamatorio dos individuos
obesos.

O fator de necrose tumoral-alfa (TNF-a) e a interleucina 6 (IL-6) inibem a
expressdo da lipase lipoprotéica, estimulando a lipolise e a secre¢@o hepéatica de lipidios,

32, 36 Egtas citocinas estimulam a

promovendo um estado de hipertrigliceridemia.
producio de proteinas de fase aguda no figado, como proteina-c reativa.*® *’ Tais
citocinas estdo envolvidas na supressdao da expressao da IL-10, cuja atuagdo reduz a
liberagdo de citocinas pro-inflamatorias, e também suprime a expressao da adiponectina,
um hormdnio com agdes antiinflamatdrias que estd envolvido na regulacdo do balango
energético e na regulacio da insulina.’> ** *° Sabe-se que o aumento das citocinas pro-
inflamatoérias contribui para o surgimento de co-morbidades associadas a obesidade.

O aumento da ingestdo de acido graxo oléico tem sido associado a melhoria do
quadro inflamatério, uma vez que pode reduzir os efeitos inflamatérios dos AGS, além
de diminuir a suscetibilidade da LDL-c ser oxidada.” ***' O efeito antiinflamatério e
antioxidativo do 4acido graxo oléico pode ainda controlar a manifestacdo de outras
doencas cronicas como a obesidade e o diabetes.*” Vassiliou et al.** verificaram que o
acido graxo oléico e o 6leo de amendoim rico em acido graxo oléico foram capazes de
reverter o efeito inibitorio do TNF-alfa na producdo de insulina em ratos diabéticos e
propde que o amendoim, principalmente o rico em acido graxo oléico, seja usado com
uma das principais fontes deste dcido graxo da dieta. Entretanto, sdo escassos os estudos

sobre os efeitos da ingestdo de amendoim rico em 4cido graxo oléico sobre pardmetros

metabolicos e inflamatorios em seres humanos. Assim, € necessario avaliar os efeitos



metabolicos do amendoim rico em 4acido graxo oleico para verificar se 0 mesmo deve
ser introduzido na alimenta¢cdo humana.

Diante do exposto, as hipdteses do presente trabalho sdo: 1) Uma dieta
hipocalorica que contenha uma por¢ao diaria de amendoim, tanto convencional quanto o
rico em acido graxo oléico, terdo melhores efeitos comparado uma dieta sem adicao de
amendoim com relagdo aos pardmetros de composi¢do corporal, metabolismo
energético, do metabolismo glicidico e lipidico e estado inflamatério; 2) Uma dieta
hipocalodrica que contenha diariamente uma por¢do de amendoim rico em acido graxo
oléico terda melhor efeito comparado a uma dieta que contenha uma porcao didria de
amendoim convencional com relacdo aos parametros de composicdo corporal,

metabolismo energético, do metabolismo glicidico e lipidico e estado inflamatorio.
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2. OBJETIVOS

2.1. Objetivo geral

Avaliar os efeitos de uma dieta hipocaldrica que contenha amendoim

convencional ou amendoim rico em 4cido graxo oléico sobre a composi¢do corporal,

metabolismo energético, perfil bioquimico e marcadores de inflama¢do em homens com

sobrepeso e obesidade.

2.2. Objetivos especificos

Avaliar e comparar os efeitos do consumo diario de amendoim convencional ou

de amendoim rico em acido graxo oléico sobre:

A glicemia e insulinemia de jejum e p6s-prandial;

A resisténcia insulinica;

A concentragdo sanguinea de colesterol total e fragdes e de triglicerideos;
A concentragdo sanguinea de 4cido Urico e proteinas totais séricas;

A concentracdo sanguinea de jejum e pos-prandial de marcadores
inflamatérios (proteina C-reativa, interleucina-10, fator de necrose
tumoral);

O gasto energético de repouso e pos-prandial;

A termogénese induzida pela dieta;

A oxidagdo de substratos energéticos;

A ingestdo caldrica e de macronutrientes;

O balango energético e perda de peso;

A composicao corporal e distribui¢do da gordura corporal;

Os parametros antropométricos (peso, perimetro da cintura e do quadril).
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Resumo

Dentre as estrategias nutricionais para prevencdo e tratamento de doencas cronicas ndo transmissiveis inclui-se
aumentar a ingestdo de acidos graxos insanwados. antioxidantes e outros comipostos bioativos, além de reduzir a
ingestdo de gordura saturada. Evidéncias apontam que as oleaginosas trazem beneficios a saude por minimizar o
risco de desenvolvimento de doencas ateroscleroticas, hipertenséo. diabetes, cancer. hipercolesterolemia e sindrome
metabolica. Assim. o objetivo desta revisdo € apresentar resultados de estudos que incluam em seus protocolos ingestdo
de amendoa. amendoim. aveld. macadamia e pistache. Ensaios clinicos indicam que as oleaginosas possuem efeito
protetor ao incremento ponderal mesmo quando ha aumento da ingestdo energética. Apesar de serem escassos o0s estudos
que avaliam a digestibilidade e biodisponibilidade dos acidos graxos presentes nas oleaginosas. pode-se verificar que
parte das calorias que estas fornecem é eliminada nas fezes. Ademais. como poucos estudos avaliam o metabolismo
energético, ndo ha como concluir se estes também constituem mecanismos pelos quais as oleaginosas exercem seus
efeitos metabolicos. Resultados sugerem que as ameéndoas e 0 amendoim podem elevar o gasto energético de repouso. As
oleaginosas apresentam efeitos favoraveis a reducéo do colesterol total. LDL-c. triglicerideos e dos indices aterogénicos.
além de elevar a concenfracio de HDL-c. Emrelacio a pressio arterial. glicemia e insulinemia. parece que as oleaginosas
ndo produzem grandes impactos, tanipouco parece haver grandes efeitos sobre o processo inflamatorio subclinico. Por
outro lado. os efeitos destas sobre os marcadores oxidativos sdo amplos. A influéncia da ingestao de oleaginosas sobre
marcadores inflamatorios e oxidativos. hormonios relacionados ao balanco energético e da homeostase glicémica devem
ser investigados em estudos futuros.

Palavras-chave: Oleaginosas. dislipidemia. colesterol, glicemia. insulinemia, inflamacao. peso corporal

Abstract

Nutrifional strategies for preventing and freafing chronic diseases include the increment in dietary intake of
unsaturated fatty acids, anfioxidants and bioactive components as well as the reduction on intake of saturated fatty
acids. Scientific evidences suggest that nuts infake improves heaith status by reducing the risk of atherosclerofic diseases,
hypertension, diabetes, cancer and metabolic syndrome development. Thus, this veview aims at presenting studies which
included nuts intake, such as macadamia, pistachio, peanut, hazelnut, and almonds. Clinical Trials ‘results suggest that
nuts prevent weight gain even when calovic intake increases. Although the lack of studies which evaluate the bioavailability
and digestibility of nuts fatty acids, it is noteworthy that part of their calories is eliminated in the feces. Moreover, few
studies have evaluated the nuts effects on energy metabolism, thus it is not possible to conclude if energy metabolism is
one of the mechanisms by which nuts exert their beneficial effects. However; studies suggest that almonds and peanuts
can increase the resting energy expenditure. Nuts can improve blood lipids profile by reducing total cholesterol, LDL-c,
triglvcerides and atherogenic index, as well as increasing HDL-c concentration. On the other hand, nuts intake does
not seem fo play an important role on the regulation of blood pressure, glycemia and insulinemia. Besides, they have
little effect on inflammatory process. Yet, nuts infake seems to have great effects on oxidative biomarkers. Therefore,
more studies are needed to verify the influence of nuts on inflammatory and oxidative biomarikers, hormones related fo
energy balance and glucose homeostasis.
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Introducao

A incessante busca por estratégias para prevencio
e fratamento de doencas cronicas nao transmissiveis,
incluindo a obesidade e sindrome metabolica. tem levado
pesquisadores a avaliar o efeito da ingestao de alimentos
especificos no controle metabolico e do peso corporal.
Evidéncias sugerem que dietas que incluem oleaginosas
apresentam beneficios a saude, uma vez que estas
sementes contribuem para a melhoria do perfil lipidico e
de antioxidantes da dieta . consequentemente, para o perfil
lipidico sanguineo e marcadores do estresse oxidativo e
de inflamacdo.*

Sugere-se que a ingestdo das oleaginosas possa
confribuir para a reducio do ganho de peso mesmo com
aumento da ingestio calérica.’ E provavel que o controle
do peso esteja relacionado a reduzida bioacessibilidade
dos lipidios nas oleaginosas, uma vez que parte destes &
excrefada nas fezes, ndo sendo, portanto, ufilizados como
fonte energética pelo organismo.'™* Ademais. sugere-se
que o efeito sacietogeno destes alimentos contribui para
a reducdo da ingestdo alimentar.'? Estudos apontam que
as oleaginosas reduzem o risco de desenvolvimento

Tabela 1: Composicdo quimica das oleaginosas

de doencas cronicas nio transmissiveis, ao melhorar o
estado oxidativo e inflamatério dos individuos 831416
A composicio quimica desses alimentos possivelmente
esta envolvida no controle metabolico. uma vez que
sdo ricos em acidos graxos insaturados e compostos
bicativos como fibras alimentares. tocoferois, fitoesterois.
compostos fenolicos. minerais. além do elevado teor de
pl'oteil].a.3’4‘7‘9’11’14’15‘17‘18

Diante do exposto, torna-se importante investigar as
evidéncias cientificas sobre os efeitos metabolicos das
oleaginosas em lnunanos. Esta revisdo siunariza resultados
de estudos com humanos que avaliaram a ingestio de
ameéndoa, amendoim, avela, macadamia e pistache.

Composicao quimica das oleaginosas

A composicdo quimica das oleaginosas a serem
descritas nesta revisdo esta disposta na Tabela 1. Vale
ressaltar que. embora o amendoim seja uma leguminosa,
frequentemente ele € classificado como oleaginosa. pela
semelhanca na composi¢do.*

Améndoas Amendoim Aveld Macadimia Pistache
Energia (kcal 595 585 646 718 567
Agua () 2.53 1.55 2.52 1.61 1.85
Proteina (2) 21.06 23.68 15.03 7.79 20.95
Lipidios Totais (g) 52.05 49.66 62.40 76.08 1482
I — . e P
Carboidratos (g) 21.20 3151 17.60 13.38 79.38
— o
Fibra Alimentar (g) 10.9 8.0 9.4 8.0 9.9
Calcio (mg) 367 54 123 70 107
Ferro (mg) 3.83 336 738 365 703 |
— . I
Magnésio (mg) 281 176 173 18 109
Fostoro (mg) 170 358 310 198 169 |
Potassio (mg) 712 658 755 363 1007
Sodio (mg) 3.0 6.0 0.0 4.0 6.0
. e
Zinco (mg) 33 331 25 1.9 734
Vitamina C (mg) 0.0 0.0 38 0.7 3.0
Tiamina (mg) 0.084 0.440 0.338 0.710 0.695
Riboflavina (mg) 0.967 0.100 0.123 0.087 0234
—— — — —
Niacina (mg) 3.553 13.53 3.05 2274 1.373
I
Vitamina B6 (mg) 0.127 6.930 0.620 0359 1,122
Folato (ng) 53 145 88 10 51
Vitamina A 1.0 nd 61.0 nd 259
A .
Vitamina E (mg) 23.20 nd 15.08 0.57 242
Vitamina K (jig) nd nd 0.0 nd 13.2

Stomidard 1 ﬁ?}amgnecgmgﬂ? hitp://ndb._nal usda.gov/
Kornsteiner et al.> encontraram valores diferentes
daqueles apresentados na Tabela 1. Foi verificado que a
macadamia contém 77,7 g de gordura por 100g de alimento,
seguida do pinhao (71.6%). castanha-do-Brasil (70.2%),
noz (66.6%), avela (62.5%), améndoas (59,2%). pistache
(54.3%). amendoim (55%) e da castanha de caju (49.1%5).
Em geral. as oleaginosas apresentam uma proporcdo otima
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imica dos alimentos, Uhnifed States Department of Agriculture (USDA) Nutrient Database for

de acidos graxos insaturados:saturados.*$” Ainda. mais de
75% da gordura das oleaginosas € composta por acidos
graxos insaturados, sendo que ha predominancia dos
acidos graxos monoinsaturados (AGMI). em media 62%
dos acidos graxos totais.* Na Figura 1 pode-se visualizar
o perfil lipidico das oleaginosas.
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Figura 1: Perfil de acidos graxos de oleaginosas

Amendoas

Teor de scidos graxos em %
WAGs W acMmr [ |AGPI

AGS: acidos graxos saturados; AGMI: dcidos graxos monomsaturados; AGPI: acidos graxos poli-insaturados.

Fonte: Adaptado de Yang *

Ja esta bem estabelecido na literatura que os acidos
graxos da dieta influenciam diretamente o perfil lipidico
plasmatico e que os acidos graxos saturados (AGS)
tém maior potencial aterogénico e inflamatério. 52 A
substifuicao isocalorica de AGS por AGPI e AGMI pode
reduzir o colesterol total plasmatico e a fragio LDL-¢.?%
Evidéncias sugerem que a substituicio de AGS por AGMI
contribui para a melhoria do controle glicémico e também
para a reducédo do peso corporal. uma vez que os AGS
possuem maior propensdo ao anmazenamento no tecido
adiposo. enquanto que os AGMI favorecem a oxidacio
de gordura !0

Entre 3 e 11% da estrutura das oleaginosas ¢
composta por fibras alimentares (Tabela 1). que podem
contribuir para a reducdo da resposta glicémica. alem
de apresentarem alto poder de saciedade.’®**% Sabe-se
que a ingestdo de alimentos com alfo poder de saciedade
favorece o controle da ingestdo caldrica. levando a reducfo
da sensacfio de fome entre as refeicdes®!® A proteina
tambeém € um nutriente com alto poder de saciedade, aléem
de ser o macronufriente que mais eleva a termogénese
induzida pela dieta, a oxidacio de lipidios e o gasto de ATP.
Tais fatores podem contribuir para um balanco energético
negativo com maior gasto energetico e menor ingestao
alimentar e, portanto, para maior perda de peso.®” Em
geral. as oleaginosas apresentam elevado teor de proteina
(8 a 20%) (Tabela 1).

Dentre os compostos fenolicos presentes em
oleaginosas. principalmente na pele de oleaginosas
como amendoim. o resveratrol apresenta propriedades
anti-inflamatérias e antioxidantes e promove a secrecio e
a sensibilidade a insulina. inibindo a agregacao plaquetaria.
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além de modular o metabolismo de lipoproteinas e de agir
como antinnitagénico.”3? As procianidinas e catequinas
sdo potentes anfioxidantes que atuam sobre a reducdo da
peroxidacio lipidica e do DNA. da formacdo de LDL-c
oxidada e de danos cardiacos causados pela oxidacdo de
ferro e zinco e da apoptose de células beta-pancreaticas
induzida por peréxido de hidrogénio. dentre oufras acdes?

Os fitoesterois apresentam efeitos positivos sobre
a reducdo do risco para doencas aterosclerdticas por
promoverem reducido do LDL-c plasmético.** O teor de
fitoesterois pode variar de 1096 a 2178.4 mg por grama
de oleo extraido das oleaginosas. sendo que as améndoas
apresentam maior teor em relacdo ao amendoim, seguido
da macadamia. noz e aveld.* Dentre os fitoesterdis
presentes nas oleaginosas, o beta-sitosterol € o mais
abundante. havendo tambem elevado teor de campesterol
e stigmaesterol.*Outro composto antioxidante presente nas
oleaginosas € o tocoferol, que constitui um fator protetor
contra doencas ateroscleroticas. uma vez que pode inibir
a oxidacdo de LDL-c.** Segundo Maguire et al.. o teor
de focoferois fotais nas amostras de oleaginosas por eles
analisadas varia de 122.3 a 452 mg/g*

Winte mulheres. com percentual de gordura médio
de 34%, conswmiram uma porcdo de 345 kecal/dia de
amendoas. Apos 10 semanas de infervencdo. o peso e
a composicdo corporal, 0 energético de repouso. gasto
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energetico total e a termogénese induzida pela dieta
ndo apresentaram alteracdes significativas. Verificou-se
reducdo do coeficiente de digestibilidade da dieta (p<<0.05).
que feva em consideracao as calorias ingeridas e calorias
fecais. Apos a infervencao, foi ebservado um aumento
de 21.6% na concenfracdo plasmatica de alfa-tocoferol
(p<0.05)." Desta forma. conclui-se que o consumo de
ameéndoas, mesmo que confribua para o aumento da
ingestdo caldrica. ndo promove aumento ponderal. Em
um estudo conduzido por Fraser et al..® oitenta e um
adultos de ambos os sexos consmmiram ameéndoas. ad
libifum. por 6 meses. Durante o periodo de consumo nao
houve alteracdo significativa no peso. mesmo havendo
aumento significativo da ingestio calorica. e tampouco
no gasto energetico de repouso e utilizacdo de substratos
energéticos.® Tais resultados vao de encontro aqueles do
estudo apresentado anteriormente, Vale ressaltar que a
meédia didria de consumo de améndoas neste estudo foi
de 54.3 g (320 keal) e que ndo houve prescricao de dieta
e tampouco aconselhamento nutricional ®

A analise do perfil lipidico sanguineo dos participantes
do estudo de Fraser et al. foi publicada em estudo mais
recente. Entre os individuos com sobrepeso e obesidade
nio houve reducio significativa dos triglicerideos, do
colesterol total (CT) e LDL-c. mas as razdes LDL-
¢:HDL-c e CT:HDL reduziram significativamente.” Por
outro lado. em eutréficos. a redugio nio foi significativa
somente no TG e HDL-c. Foi verificada. ainda, reducio
no TG entre individuos com hipertrigliceridemia (p<0.05).
Entre aqueles com o LDL-¢ inicial superior a 128 mg/dL
houve melhoriano CT. LDL-¢ e nas razdes LDL-c:HDL-¢
e CT:HDL-c.” Em outro estudo. a alteragio no padrio
dietético. com ingestdo diaria de améndoa associada a
reducio da ingestdo de gordura de origem animal e froca
de dleos por oleo de améndoa, promoveu reducdo no
colesterol total e no LDL-c (p<<0.001), sem alteracdo no
HDL-c em 26 adultos.*

Dezoito individuos com hipercolesterolemia moderada
participaram de wm estudo tipo crossover conduzido por
Damasceno et al.. em que ingeriram 40% das gorduras
totais da dieta em améndoas (50 a 75 g de améndoa por
dia). Verificou-se que. apos 4 semanas, 0 LDL-c reduziu
cerca de 13.4% em relacdo ao periodo basal (p<<0.001).
assim como houve reducdo significativa no colesterol
total e na razdes CT:HDL-c e LDL-c:HDL-c.”* No
entanto, ndo foi verificada alteracdio no peso corporal, na
pressdo arterial, na glicemia, na taxa de triglicerideos e
nos marcadores de inflamacfo (proteina C-reativa ultra
sensivel. molécula de adesdo intracelular-1 e molécula de
adesao da celula vascular) e de oxidacao (malondialdeido
e LDL-oxidada).’’

Tres publicacdes do grupo de pesquisadores de Jenkins
descrevem os resultados de outro estudo tipo crossover.
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em que 27 individuos hiperlipidémicos consumiram,
por quatro semanas. lanches isoenergéticos (423 kcal/
dia) compostos por 73 g de améndoas ou um muffin
(integral com baixo teor de AGS) ou 36.5 g de améndoas
+ V2 muffin.8.16.36 Verificou-se que a perda de peso foi
significativa apenas no grupo com metade da dose de
améndoa comparado ao controle (muffin).*** Aqueles
que consumiram 73 g/dia apresentaram reducao de 9.4%
do LDL-c (p=0.018) e de 12.0% na razdo LDL-c:HDI-c
(p<:0.001). enquanto que o grupo que constmiu a metade
da dose dessa oleaginosa apresentou menor redugio.
porém significativa. em ambos os parametros (p<<0.001).
O giipo controle ndo apresenton alteracdo significativa
no perfil lipidico sanguineo. Por outro lado. nio houve
diferenca significativa da glicemia. insulinemia e no indice
de resisténcia insulinica.’

E importante ressaltar que. no estudo de Jenkins
et al..’® a dosagem de peptideo-C na urina de 24
horas. um marcador de secrecdo de insulina, reduziu
significativamente nos tratamentos contendo amendoas.
Ademais. o grupo que consumiu somente ameéndoa
reduziu significativamente a concentracdo sérica de
marcadores oxidativos (LDL-oxidada. malondialdeido e
isoprostano urinario) comparado ao controle 3% Todavia.
as concenfragdes séricas de vitamina A, de alfa e gama-
tocoferol e de oxido nitrico ndo foram alteradas com os
tratamentos (p=0.05).3%

Os resultados dos estudos com amendoas indicam que.
apesar de ndo promover reducdo ponderal e tampouco
alterar o gasto energético e a utilizacdo de substratos
energeticos. a sua ingestio pode contribuir para a redugio
do risco para doencas cardiovasculares por reduzir o
colesterol fotal. o LDL~c e a secrecdo de insulina e por ser
um alimento com potente agdo antioxidante. Os resultados
quanto a alteracdo na concentracio sanguinea de tocoferol
e a reducio de marcadores de inflamacio e de estresse
oxidativo ainda sd0 controversos erequerem mais estudos.

Quinze individuos eutroficos participaram de estudo
em crossover conduzido por Alper e Mattes. em que
505 kecal em amendoim foram ingeridas diariamente.!
A ingestdo de amendoim. substituindo parte das calorias
da dieta, ndo promoveu alteracio no peso e composicio
corporal. Entretanto, verificou-se ammento significativo
do gasto energético de repouso (11%) apos 19 semanas
de ingestdo de amendoim sem que houvesse alteracao da
termogénese induzida pela dieta.'”

Alper e Mattes?” deram continuidade ao estudo e
observaram reducdo de 17% nos triglicerideos sanguineos
apos a ingestdo de amendoim como substituto de parte
das calorias da dieta (p<0.,05). Nao houve alteracio
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significativa do colesterol total e tampouco de suas
fragdes e razdes (p=0.05). assim como os niveis seéricos
de homocisteina se mantiveram inalterados.’”

Coelho et al.*® conduziram um estudo com 48
individuos. de ambos os sexos, eutroficos e com sobrepeso.
que consumiram. por 8 semanas. milk-shake contendo oleo
de amendoim. Foi observado ganho de peso significativo
entre os mdividuos com excesso de peso. porém 43%
a menor que o esperado. Por outro lado. verificou-se
aumento de 5% no gasto energético de repouso daqueles
com sobrepeso (p<0.01). mas nao dos eutréficos (p=0.05).
Ademais. os individuos com excesso de peso apresentaram
aumento significative do HDL-c ao final da quarta semana
de estudo. com reducio discreta do LDL-c¢ (p>0.05). Os
autores atribuiram este resultado ao perfil lipidico desta
oleaginosa e concluiram que ha um potencial efeito do
consumo do amendoim sobre o controle do peso corporal.
mna vez que o ganho de peso foi inferior ao esperado. e
houve aumento do gasto energético em individuos com
sobrepeso.

O acréscimo de amendoim na dieta habitual
tambem melhorou o perfil lipidico de 19 individuos
normocolesterolémicos incluidos em um estudo conduzido
por Lokko et al ¥ Neste estudo, a ingestdo de 500 keal/dia
em amendoim por § semanas promoveu reducao de 7.2%
no colesterol total (p<<0.03) & de 20% nos triglicerideos
(p=0.05). sem que houvesse alteracdo nas fracdes HDL-c
¢ LDL-¢ e em sua razio.

Cinquenta e quatro homens hipercolesterolémicos
participaram de um estudo em que 77 g de amendoim
foram adicionados a alimentacdo diariamente. Apos
4 semanas, verificou-se aumento de 6.1 mg/dL no
HDL-c (p<0.001), além de redugdo significativa nas
razdes CT.HDL-C ¢ LDL-c:HDL-¢c. Houve aumento
da capacidade antioxidante tofal plasmatica (p=0.01). &
reducdo significativa do indice aterogénico plasmatico
(CT:HDL-c).* Ainda, apesar do awmento da ingestio
caldrica, o peso foi mantido.*

Reis ef al. avaliaram o efeito do processamento do
amendoim sobre a resposta glicémica de 13 adultos
eutroficos em mm estudo tipo crossover. A area abaixo
da curva para a resposta glicémica foi significativamente
menor (p=0.002) duas horas apds a ingestdo de 63 g
de amendoim sem pele torrado e moido, comparado a
wmna refeicio controle (sanduiche de queijo) e a 63 g de
amendoim cru com pele ou torrado sem pele.

Em estudo multicéntrico que incluiu 118 adultos
obesos de Gana. americanos e brasileiros, os participantes
foram incluidos em diferentes grupos que consumiram.
por 4 semanas. 56 g de amendoim em wmna das seguintes
formas: cru sem sal. torrado sem sal. torrado com sal.
torrado com mel ou em pasta.*! Em todos os grupos houve
aumento significativo do HDL-c sem diferenca entre os
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tratamentos. As demais fracdes lipidicas e suas razdes ndo
se alteraram. e tampouco houve diferenca entre os grupos.
Aingestdo de amendoim também ndo promoveu alteracio
na ingestao alimentar.¥

Em suma. a ingestdo de amendoim e seus produtos
parece contribuir para a elevagiio do gasto energético de
repouso. sem que haja alteracdo no peso e composicao
corporal. O aumento da ingestdo dos AGMI e AGPI
em defrimento da reducdo dos AGS da dieta. por meio
do consumo de amendoim, possivelmente favorece o
metabolismo lipidico e glicidico. de forma a reduzir o
risco para doengas cronicas nfo fransmissiveis.

Durak et al.* conduziram um estudo com 30 adultos
que adicionaram aveld diariamente a alimentacdo na
proporcao de 1 g de aveld por kg de peso corporal (media
de 69 g/dia). por 30 dias consecutivos, Foi observado
ganho de peso significativo, porém houve ammento no
HDL-c e reducdo do colesterol fotal. do LDL-c e da razio
LDL-¢:HDIL-¢ (p<0.005). Ademais, a ingestdo de aveld
contribuiu para a reducdo na concentracio plasmatica de
malondialdeido (p<0.001) e para o awunento da capacidade
antioxidante total (p<0.001).*

Corroborando esses resultados. a adicdo didria. por
4 semanas. de 1 g de aveld para cada quilograma de
peso corporal apresentou efeitos positivos sobre o perfil
lipidico e oxidativo de 21 individuos nommolipidémicos
no estudo de Yucesan et al.’” Foi verificada reducdo
significativa do colesterol total. LDL-¢ e apolipoproteina
A e B. com tendéncia ao ammento do HDL-c (p=0.086).
Ademais. houve aumento da concentracdo de alfa-
tocoferol e reducdo da LDL-ox (p=0.001). Enfretanto,
apesar de haver aumento de 20,5% na ingestdo calorica
(p=0.005) e de 31.3% na ingestio de gordura (p=0.003),
0 peso corporal nio se modificou (p=0.,166). A ingestio
de aveld ndo promoveu alteracdes na concentracio
sanguinea de glicose. VCAM-1. inibidor do ativador de
plasminogénio-1 (PAI-1). homocisteina. proteina C-reativa
e endotelina-1.""

Quinze homens hipercolesterolémicos consuumiram
dieta padrdo (com baixo teor de gordura e colesterol
e hiperglicidica) por quatro semanas e em seguida
ingeriram, por oufras quatro semanas, 40 g/dia de
aveld associados a dieta.® Embora o peso corporal
dos individuos nio tenha se alterado durante o estudo.
verificou-se reducio significativa da gordura corporal
em relacdo ao periodo basal. A ingestdo de aveld reduziu
em 31.8% os triglicerideos (p<0.05) e em 9.2% a
apolipoproteina B (p<0.05). além de elevar em 12.6% o
HDL-c (p<0.05). Ademais. houve reducdo significativa
nas fragdes CT:LDL-c e LDL-c:HDL-c. Por oufro lado.
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ndo foram verificadas mudancas no colesterol total
(p=0.064). no LDL-c (p=0.448). na glicemia (p=0.063) e
na apolipoproteina Al. A concentracio de homocisteina
reduziu significativamente quando comparado ao periodo
basal.

Os efeitos metabolicos do acréscimo diario de 30
g de aveld moida. fatiada ou inteira na alimentacdo de
48 adultos hipercolesterolémicos foram avaliados em
estudo em crossover.'® Nao houve diferenca entre as
trés formas de aveld para as varidveis analisadas, mas
pode-se observar que o consumo de aveld de todas as
formas aumentou o HDL-¢c (p=0.023) e alfa-tocoferol
(p=0.005) e reduziu significativamente o colesterol
total, LDL-c, CT.LDL-¢ e apolipoproteina B100,'* Nao
foi verificada alteracdo no peso.'® Por outro lado. tais
resultados nfo foram confirmados em estudo em que 30
g de aveld foram consumidas diariamente por individuos
hipercolesterolémicos.* Dentre os 113 individuos. 28
ingeriram aveld junto a um creme de cacau como parte
de uma dieta hipolipidica. Apds 4 semanas. 0 peso nao
se alterou, tampouco houve alteracdo no perfil lipidico
sanguineo (colesterol total. triglicerideos. LDL-¢c. HDL-c.
apolipoproteina B100 e Al) no grupo em que Consumiu o
creme puro. Ademais. essa preparacao reduziu em 6.8%a
concentracio sanguinea de proteina C-reativa (p=0.059).
mas ndao promoveu alteracdo nos oufros marcadores
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inflamatorios e oxidatives (LDL-ox. VCAM-1. ICAM-1.
interleucina-6).*

A ingestido de aveld parece ndo alterar o peso. mas
um unico estudo apontou que pode haver reducio da
gordura corporal. Existem indicativos de efeitos positivos
sobre o perfil lipidico sanguineo e sobre biomarcadores
inflamatorios e oxidatives. No entanto. ainda ha
necessidade de mais estudos que avaliem todos estes
parametros.

Durante 4 semanas. 17 homens hipercolesterolémicos
ingeriram 15% das calorias didrias em macadamias (40-90
g/dia).** Houve reducdo significativa da concentracio
plasmatica de colesterol total (-3.0%) e do LDL-c
(-5.3%) enquanto que o HDL-c aumentou em 7.9%
(p=0.05).% Arazio CT:HDL-c reduziu significativamente.
Triglicerideos. acidos graxos n-6 e n-3 e homocistema nao
se alteraram. Em analises posteriores. verificou-se reducio
plasmatica do isoprostano-8 (p=0.032) e leucotrieno-B4
{p=0.024) e reducio ndo significativa de troboxano-B2 e
prostaciclina-1,.

Um estudo em crossover foi realizado com 30
individuos que seguiram. por wm mes, os seguintes padroes
alimentares: americano (37% das calorias em gordura. rica
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em AGS). normolipidica (30% das calorias em gordura).
suplementada com macadamia (37% das calorias em
gordura, rica em AGMI).*" A infervencdo nio alterou o
peso emneniuma das fases. Comparado a dieta americana.
tanto a dieta normolipidica quanto a dieta com macadamia
reduziram significativamente o colesterol total e fracdes.”
Vale ressaltar que os efeifos de cada uma das dietas se
diferem entre homens e mulheres. sendo que a ingestdo
de macadamia reduziu significativamente os triglicerideos
e HDL-c em homens, mas ndo em mulheres, comparado
a dieta americana. Adicionalmente. o colesterol total e
LDL-c¢ foram reduzidos significativamente nas mulheres.
mas ndo nos homens. ao se comparar a dieta contendo
macadamia com a americana.?’

Griel et al. ** realizaram estudo semelhante ao de Curb
etal. ¥ em que 25 individuos ingeriram dieta suplementada
com macadamia e dieta americana sem macadamia. Cada
dieta foi seguida por 5 semanas e apresentava 33% de
gorduras totais, sendo a composicdo lipidica diferente
entre elas (americana com 13% AGS, 119 AGMI e 5%
AGPI dieta contendo macadamia com 7% AGS, 18%
AGMI e 5% AGPT).*® A dieta com macadinia reduziu a
concentracdo sérica de colesterol total (9.4%) e de LDL-c
(8.9%) comparado & dieta americana (p<0.0001). sendo
esta reducdo significativa fambeém ao comparar dados
finais com aqueles basais. Ambas promoveram reducio
significativa das razdes CT:HDL-c e LDL-c:HDL-c
comparado ao basal. Os triglicerideos nfo se alteraram.*

Setenta e um individuos foram alocados em um dos
trés grupos experimentais para avaliar o efeito da ingestao
diaria de paes preparados com 10 g de macadamia. coco ou
manteiga sobre o perfil lipidico sanguineo. O peso reduziu
significativamente apos trés semanas de intervencdo
no grupo contendo macadamia. mas nio nos demais. A
concenfracdo serica de colesterol total e LDL-c reduziram
significativamente nos grupos macadamia e coco. sem que
houvesse alteracdo do HDL-c. Os acidos graxos livres e
triglicerideos sericos. assim como a pressao arterial. ndo
sofreram alteracoes.*

Os estudos sugerem que a ingestio de macadamia pode
contribuir para a melhoria dos marcadores oxidativos.
Devido ao restrito niimero de estudos. ainda ndo € possivel
estabelecer recomendacdes para seu consumo regular.

Um estudo crossover foi conduzido com 16 voluntarios
que ingeriram dieta isenta de pistache e dieta contendo 42
e 84 g/dia de pistache. por trés semanas cada. A ingestdo
de pistache. em ambas as doses. reduziu significativamente
o LDL-c. todavia esta ndo foi capaz de alterar colesterol
total. HDL-c e triglicerideos. A analise fecal indicou que
a ingestdo de ambas as doses de pistache aumentaram o
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volume. o teor de gordura e de calorias fecais em relacio
a dieta sem pistache (p<0.05). Verificou-se. ainda. que
as dietas que continham pistache apresentaram menor
digestibilidade de gordura e maior digestibilidade das
fibras alimentares. comparado & dieta controle (p<0.05).
Os resultados deste estudo indicam que o pistache contém
menos energia metabolizavel comparado aquela contida
nos rotulos de alimentos.”

Diferenfes doses de pistache também foram testadas
no estudo de Wang et al..”® em que participaram 90
individuos com sindrome metabdlica. Apos 4 semanas
em dieta recomendada pela American Heart Association
05 participantes ingeriram, por 12 semanas, uma das trés
dietas experimentais: isenta de pistache. suplementada
com 42 g/dia de pistache ou com 70 g/dia de pistache. Em
todos os grupos ndo houve alteracdo no peso. nas medidas
antropomeétricas e na pressao arterial. Apenas a dieta
contendo 42 gfdia de pistache reduziu significativamente
os friglicerideos sanguineos. Nao houve alteracdo na
glicemia e insulinemia de jejum e tampouco no colesterol
total e HDL-c. Apesar de ndo haver diferenca significativa
enfre os grupos. comparando os dados finais com os basais,
o LDL-c amnentou significativamente no grupo controle
e no grupo com ingestdo de 70 g/dia de pistache. As
fransaminases hepaticas (alanina e aspartato) reduziram
com a ingestdo de ambas as doses de pistache (p<0,05).7

Duas diferentes doses de pistache foram testadas em
estudo crossover conduzido por Gebauer et al.™ Neste
estudo. 28 individuos com elevado LDL-c ingeriram 3
diferentes dietas isoenergéticas por 4 semanas cada. As
dietas consistiam em dieta hipolipidica sem pistache
(controle). dieta com 10% das calorias diarias em
pistache e dieta contendo 20% das calorias diarias em
pistache. O peso ndo se alterou apos o seguimento das trés
dietas. A dieta contendo maior dose de pistache reduziun
o colesterol total, LDL-c. apolipoproteina B e A-1 e a
atividade plasmatica da enzima estearoil-CoA dessaturase.
comparado as demais dietas (p<0.05). A menor dose de
pistache reduziu o a fragio CT:HDL-c em 1% e LDL-c
em 3%, enquanto a maior reduziu fais razdes em 8 e 11%,
respectivamente (p<<0.05). Ambas promoveram redugdo
nos triglicerideos e LDL-c. comparado ao controle
{p<0.05).

Os efeitos da ingestao diaria de pistache, por trés
semanas, em substitnicdo a 20% das calorias didrias
foram avaliados em 10 individuos hipercolesterolémicos
no estudo em crossover de Edwards et al.”> A ingestdo de
pistache ndo alterou o peso e a pressdo arterial. Entretanto,
houve aumento significativo do HDL-c & reducdo do
colesterol total (p<0.04). LDL-c (p=0.05). triglicerideos
(p=0.05) e das razdes CT:HDL-c (p<0.01) e LDL-c;:HDL-c
(p<0.02).* Em estudo crossover posterior. Sheridan et al.*
avaliaram a substituicio de 15% das calorias diarias por
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pistache na dieta de 15 individuos hipercolesterolémicos.
Apos 4 semanas. 0 peso € a pressio arterial ndo se
modificaram. Por outro lado. apesar da ingestdo de pistache
ndo alterar a concentracdo sanguinea de triglicerideos.
colesterol total. LDL-c e das apolipoproteinas A-1 e B-100
(p=0.05). foi verificado aumente no HDL-c (p=0.02)
e reducdo significativa nas fracdes CT:HDL-c, LDL-
¢:HDL-c e apoB-100;A-1.7

Os efeitos hipolipemiantes e antioxidantes do pistache
foram avaliados por Kocyigit et al.** Em estudo com
duracdo de trés semanas. 44 individuos de ambos o0s sexos
foram alocados em dois grupos: controle ou pistache (20%
das calorias diarias fornecidas em pistache). A ingestdo
de pistache reduziu significativamente a concentracio
de malondialdeido, colesterol fotal e razdes CT:HDL-c
e LDL-c:HDL-¢, concomitantemente houve aumento do
HDL-c e do potencial antioxidante (p<0.05). As reducdes
do LDL~¢ e friglicerideos ndo diferiram entre os grupos
(p>0.05).%

O consumo diario de pistache € benéfico para o
perfil lipidico sanguineo. Os efeitos sobre marcadores de
inflamacao e oxidativos devem ser mais bem estudados.

Grande parte dos estudos clinicos apresentados
aqui indica que as oleaginosas possuem efeito protetor
ao incremento ponderal. mesmo havendo aumento da
ingestdo energética. Uma limitacdo dos estudos € que. na
maioria deles. a composicao corporal ndo € avaliada ou
descrita, Tal analise € de suma importancia. wma vez que
sabe-se que o tecido adiposo contribui substancialmente
para o pool sanguineo das citocinas inflamatorias e
hormoénios relacionados ao balanco energético. As
oleaginosas. por serem ricas em acidos graxos insaturados.
podem promover alteracdo na composicdo corporal.
mesmo sem alteraco do peso.

S0 escassos os estudos que avaliam a digestibilidade
e biodisponibilidade dos acidos graxos presentes nas
oleaginosas in vive, assim como o valor caldrico que o
organismo realmente aproveita. Ainda assim. foi possivel
verificar que parte das calorias que as oleaginosas
poderiam oferecer ¢ eliminada nas fezes. Portanto. este
€ um dos mecanismos pelo qual as oleaginosas exercem
efeito protetor ao ganho de peso.

Poucos estudos avaliam gasto energético. termogénese
induzida pela dieta e oxidacdo de macronutrientes.
Desta forma. ndo ha como concluir se estes tambem
constituem mecanismos pelos quais as oleaginosas
exercem seus efeitos beneficos. A principio. sugere-se
que ha incremento no gasto energetico de repouso com
a ingestdo de ameéndoas e amendoim. sem alteracdo da
fermogenese induzida pela dieta. Entretanto. mais estudos
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sA0 necessarios para confirmar tais resultados. ndo so
apos a ingestdo de amendoim como também de oufras
oleaginosas.

Quanto ao perfil lipidico plasmatico. no geral. as
oleaginosas apresentam efeitos favoraveis 4 reducao
do colesterol total, LDL-c, triglicerideos e dos indices
aferogénicos. além de elevar a concentracdo de HDL-c.
Somente um dos estudos apresentados aqui mostrou
reducdo do HDL-c. Todos os estudos com pistache e
macadamia que avaliaram o perfil lipidico encontraram
decréscimo do colesterol total ¢ LDL-c. Para as demais
oleaginosas. os resultados sdo controversos. Os efeitos da
ingestao de oleaginosas sobre a glicemia e insulinemia nio
¢ o foco dos estudos. Dos poucos estudos apresentados.
parece que as oleaginosas ndo apresentam grandes
impactos sobre estes pardmetros bioquimicos, tampouco
sobre a pressdo arterial.

Os biomarcadores do processo inflamatorio e oxidativo
também ndo sdo amplamente estudados em pesquisas que
avaliam os efeitos da ingestao de oleaginosas. E notério
o efeito positivo das oleaginosas sobre os marcadores
oxidativos. como reducdo da LDL-ox. apds a ingestio
de ameéndoas e avelds. De maneira similar. tem sido
reportada a reducdo do malondialdeido com o consumo
de pistache e aveld. bem como a melhoria da capacidade
anfioxidante promovida pelo consumo de amendoim.
aveld. nozes e pistache. Por oufro lado. as oleaginosas
parecem afetar pouco os marcadores inflamatorios. Os
resultados descritos nesta revisdo ainda ndo permitem
conclusdes sobre tais parametros. Os efeitos sobre o apetite
e hormonios sdo pouco estudados, e tais variaveis devem
ser mais exploradas em estudos futuros.
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Resumen

ABSTRACT

Background: Evidences suggest that nuts consumption can improve energy metabolizm.

Purpose: This study aimed to compare the effects of acute ingestion of high-oleic and conventional peanuts on appetite, food intake, and
energy metaboliem in overweight and obeze men.

Methods: Seventy one subjects (29.8 &l 2.4 kg/m2) were assigned to the groups: control {CT, n=24); conventional peanuts (CVP, n=23);
high-oleic peanuts (HOF, n=24). Subjects consumed 56 g of peanuts (CWP and HOP) or control biscuits {CT) after overnight fasting.
Thereafter, energy metabolism was evaluated over 200 minutes, during which diet-induced thermogenesis (DIT) and substrate oxidation
were analyzed. Appetite sensation was recorded for 3 hours. Statistical analyses were performed using the SAS software considering 5%
as the cignificance level.

Results; Postprandial energy expenditure and DIT were significantly higher in HOF than in CVP. Substrate oxidation did not differ between
groups. Only HOP presented score below 100 indicating incomplete compensation. CT and CVF showed a complete caloric compensation
{scores=>100). Regarding appetite sensation, CWP group felt less “full” than HOP and CT. After 3 hours, satiety score of CVP returned to
baseline, whereas HOP and €T remained significantly higher. Hunger scores returned to baseline in CVP and CT and they were maintained
significantly lowered in HOP.

Conclusion; High-oleic peanuts contributed to higher DIT, higher sensation of fullness and incomplete compensation for energy intake
compared to conventional peanuts and may be useful to dietary intervention to reduce body weight.
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obesity; energy metabolism; substrate oxidation; appetite; oleic fatty acid.
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Abstract

Background: Evidences suggest that nuts consumption
can improve energy metabolism.

Purpose: This study aimed to compare the effects of acute
ingestion of high-oleic and conventional peanuts on appetite,
food intake, and energy metabolism in overweight and obese
men.

Methods: Seventy one subjects (29.8 + 2.4 kg/m’) were
assigned to the groups: control (CT, n = 24); conventional
peanuts (CVP, n = 23): high-oleic peanuts (HOP, n = 24).
Subjects consumed 56 g of peanuts (CVP and HOP) or
control biscuits (CT) after overnight fasting. Thereafter,
energy metabolism was evaluated over 200 minutes, during
which diet-induced thermogenesis (DIT) and substrate
oxidation were analyzed. Appetite sensation was recorded
for 3 hours. Statistical analyses were performed using the
SAS software considering 5% as the significance level.

Results: Postprandial energy expenditure and DIT were
significantly higher in HOP than in CVP. Substrate oxida-
tion did not differ between groups. Only HOP presented
score below 100 indicating incomplete compensation. CT
and CVP showed a complete caloric compensation (scores >
100). Regarding appetite sensation, CVP group felt less
“full” than HOP and CT. After 3 hours, satiety score of CVP
returned to baseline, whereas HOP and CT remained signifi-
cantly higher. Hunger scores returned to baseline in CVP
and CT and they were maintained significantly lowered in
HOP.

Conclusion: High-oleic peanuts contributed to higher
DIT, higher sensation of fullness and incomplete compensa-
tion for energy intake compared to conventional peanuts
and may be useful to dietary intervention to reduce body
weight.
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CACAHUETE ALTO-OLEICO AUMENTA
LA TERMOGENESIS INDUCIDA POR LA DIETA
EN HOMBRES CONSOBREPESO Y OBESIDAD

Resumen

Antecedentes: Las pruebas sugieren que el consumo de
frutos secos puede mejorar el metabolismo energético.

Propasito: Este estudio tenia por finalidad comparar los
efectos de la ingesta aguda de cacahuetes con alto contenido
en oleico y cacahuetes convencionales sobre el apetito, el con-
sumo de alimentos y el metabolismo energético in hombres
con sobrepeso y obesos.

Meétodos: Se distribuyé a 71 individuos (29,8 + 2.4 kg/m’) a
los grupos: control (CT, n = 24); cacahuetes convencionales
{CVP. n=23); cacahuetes con alto contenido en oleico (HOP,
n = 24). Los individuos consumieron 36 g de cacahuetes
(CVP y HOP) o control (CT) tras un ayuno nocturno. Poste-
riormente, se evalud el metabolismo energético a lo largo de
200 minutes, durante los cuales se analizaron la termogéne-
sis inducida por la dieta (TID) y la oxidacion de sustratos. La
sensacion de apetito se registré durante 3 horas. Se realiza-
ron los analisis estadisticos con el programa SAS conside-
rando un nivel de significacion del 5%.

Resultados: El consumo de energia posprandial y Ia TID
fueron significativamente superiores en el HOP que el CVP. La
oxidacion de sustratos no difirio entre los grupos. Sélo el HOP
presentd una puntuacion por debajo de 100, lo que indicaba
una compensacion incompleta. E1 CT y el CVP mostraron una
compensacion calérica completa (puntuaciones > 100). Con
respecto a la sensacion de apetito, el grupo CVP se mostrd
menos *lleno™ que los grupos HOP y CT. A las 3 horas, la pun-
tuacion de saciedad del CVP volvié a la situacion basal, mien-
tras que en los grupos HOP y CT permanecia significativa-
mente superior. Las puntuaciones de hambre volvieron a la
situacion basal in los grupos CVP y CT y se mantuvieron signi-
ficativamente por debajo a las del grupo HOP.

Conclusion: Los cacahuetes con alto contenido en oleico
contribuyen a una mayor TID, mayor sensacion de plenitud
y una compensation incompleta del consumo de energia en
comparacion con los cacahuetes convencionales y pueden ser
de ayuda como intervention dietética para disminuir el peso
corporal.

(Nutr Hosp. 2014:;29:1024-1032)

DOI:10.3305/nh.2014.29.5.7235

Palabras clave: Obesidad. Metabolismo energético. Oxi-
dacicn de sustrato. Apetito. Acido graso oleico.



Abbreviations

ANOWVA: Analyses of variance.

BMI: Body mass index.

CHO: Carbohydrate.

CT: Control group.

CVP: Conventional peanuts group.

DIT: Diet-induced thermogenesis.

HOP: High-oleic peanuts group.

MUFA: Monounsaturated fatty acids.

piAUC: Positive incremental area under the curve.
REE: Resting energy expenditure.

rm-ANOVA: Repeated measure analyses of variance.
SEM: Standard error of the means.

SFA: Saturated fatty acids.

Introduction

Obesity represents one of the major risk factors for
the development of other metabolic disease. Its appro-
priate treatment is essential for the maintenance of
good health status'?. Therefore, many studies have
been conducting to verify the metabolic effects of seed
on overweight individuals*"'.

Evidences suggest that peanuts ingestion may favor
body weight control by reducing food intake and by
modulating energy metabolism and substrate oxida-
tion®s. Nuts satiating and thermogenic proprieties can
be attributed to their high contents of dietary fiber, pro-
tein, and unsaturated fatty acids™2.

There is general agreement that protein has greater
effect on diet-induced thermogenesis (DIT) than car-
bohydrate and fat'+>". Besides, dietary fiber improves
satiety and reduces hunger sensation™'**. Since
peanuts is one of the highest protein contents nuts
(=24%), and it also has =8% of dietary fiber, its con-
sumption may contribute to appetite control and to in-
crease DIT==.

Energy metabolism improvement of overweigh in-
dividuals after peanuts oil ingestion has been repor-
tede. The authors attributed the results to the peanuts
fatty acids profile. It is known that monounsaturated
fatty acids (MUFA) increase body fat oxidation while
saturated fatty acids (SFA) contribute for lower DIT
and are prone to be stored in adipose tissue®*?. Des-
pite its high energy density (=6 kcal/g) and high-fat
content (=50%), peanuts is an excellent source of
MUFA?>3,

Oleic acid is the major MUFA of peanuts. There is a
greatinterest in producing high-oleic peanuts since this
fatty acid preserves the sensory and antioxidant pro-
prieties by decreasing lipid peroxidation during sto-
rage*™. However, there is a lack of knowledge about
the effects of high-oleic peanuts in human metabo-
lism". Thus, this trial aimed at comparing the effects of
acute intake of high-oleic and conventional peanuts on
appetite, food intake, and energy metabolism in over-
weight and obese men.

Subjects and methods
Subjects

One hundred fifty potential men were recruited by
public advertisements and posted flyers. Subjects un-
derwent a brief nutritional screening, which included
measurement of body weight and height, and filling out
a questionnaire about medical, sports, and nutritional
history. They were required to be aged between 18 and
50 years, with body mass index (BMI) ranging from 26
to 35 kg/m® and stable weight (+ 3 kg) during the pre-
vious 3 months. Subjects presenting any chronic/acute
diseases were not included. Other exclusion criteria
were the use of any medication that might affect the re-
sults of the study, and/or be under weight-loss diets over
3-months prior to the study; drinking more than 168 g of
alcohol/week. The study was approved by the ethical
committee in human research of the Federal University
of Vigosa, MG, Brazil (protocol: 185/2011). The study
procedures were conducted in accordance with the ethi-
cal standards laid down in the 1964 Declaration of
Helsinki and its later amendments. All participants
signed a written informed consent and received no fi-
nancial compensation or gifts for their cooperation.

Study Design

This was a one-day intervention randomized trial.
After successfully completing the screening, seventy
one subjects were randomly assigned to the experimen-
tal groups: Control (CT; n=24); Conventional peanuts
(CVP;n=23); High-oleic peanuts (HOP; n = 24). They
were explained about the protocol (fig. 1). Subjects re-
ceived a standard dinner to be consumed the night prior
to the assessments (see Test meal section). After an
overnight fasting, subjects consumed the test meal,
which included 56 g of conventional or high-oleic
peanuts (CVP and HOP) or control biscuits. The analy-
sis included measurements of anthropometry, body
composition, appetite subjective sensation, food in-
take, resting energy expenditure (REE), DIT, and sub-
strate oxidation.

Test meal

The night prior to the assessments, subjects were re-
quired to eat a standard dinner which consisted of 109 g
of a instant plain noodles (Nissin®) with 5 g of parme-
san cheese, and 200 mL of grape juice (731 kcal; 65.1%
from carbohydrate, 7.6% from protein, and 28.3%
from fat). This meal was intended to reduce DIT and
substrate oxidation during fasting conditions since the
thermic effect of protein may remain longer than 7
hours!.

On the test day, subject consumed within 15 minutes
one of the three test meals according to the experimen-

Hlgh-oleic peanuts increase diet-induced
thermogenesis in overweight and obese
men
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Fig. 1.—Experimental protocol.

tal group. Each test meal was calculated to provide
25% of each subject’s daily energy requirement (706 +
73 kcal). They had the same energy density and provi-
ded 35% of the calories from carbohydrate, 16% from
protein, and 49% from fat. They consisted of a straw-
berry flavored milk shake and 56 g of unpeeled roasted
peanuts (conventional or high-oleic) or control bis-
cuits.

Conventional (IAC-886) and high-oleic (IAC-505)
peanuts were prepared in dry heat for 25 minutes at 180
°C being revolved every 5 minutes. After cooling, 56 g
of peanuts were packed in vacuum and stored at -20°C
for further use. Samples were analyzed for macronutri-
ents and dietary fiber contents according to validated
methods*-2. This portion of conventional and high-
oleic peanuts contains, respectively, 13.6 and 12.8 g of
carbohydrates, 16.8 and 16.3 g of proteins, 24.0 and
24.7 g of fat, and 5.0 and 5.5 g of dietary fiber (0.2 and
0.7g of soluble; 4.8 and 4.8 g of insoluble). Oleic fatty
acid represents 51.0% of total fat in conventional
peanuts and 81.5% in high-oleic peanuts.

Control biscuits were developed in the laboratory
to offer similar amount of macronutrients and fiber,
and energy density of the mean composition of both
peanuts types. Its ingredients, in each portion, con-
sisted of egg (30 g), whey protein supplement (13.8
g), whole wheat flour (11.6 g), margarine (9.6), hy-
drogenated vegetable shortening (8.6 g), soybean oil
(7.2 g), dietary fiber supplement (1.6 g), sesame seed
(1.5 g), wheat bran (1.2 g), salt (0.7 g), and powder
yeast (0.3 g). It was prepared 1-2 days before each test
day. The centesimal composition of control biscuits
were also analyzed*-2, One portion of 56g contains
12.2 g of carbohydrates, 16.4 g of proteins, 24.6 g of
fat, and 4.7 g of dietary fiber (0.4 g of soluble; 4.3 g of
insoluble). Oleic fatty acid represents 35.2% of total
fat.

The milk shake was prepared right before its con-
sumption and consisted of whole milk powder, whey
protein supplement, Nesquik® strawberry powder, soy-
bean oil, water, and ice. The proportion of ingredients
varied since it was prepared to complete the calories
and macronutrients content respecting the macronu-
trient proportion previously described in this section.
Besides, in order to control the volume of 500
mlL/meal, additional water was given to subjects.

After completing all the study protocol, a 750 kcal
meal was offered. It consisted of a sandwich, fruit juice
(250 mL), and apple (130 g).

Dietary intake assessment

Subjects provided 3-days food records (two non-con-
secutive week days and one weekend day) filled out the
week before the assessments. On test-day, subjects
were also required to fill out a food record until bed
time. A dietitian reviewed the food records with the
subjects to check for errors or omissions. All the food
records were analyzed by the same dietitian using a spe-
cific computer software system (Dietpro 5.2i, 2007.
Agromidia Software Sistemas-Universidade Federal de
Vigosa) based on Brazilian food composition tables*,

Dietary compensation for the test meal calories con-
sumed was calculated as described by Kirkmeyer and
Mattes™ using the equation: (energy intake from the
self-selected diet + energy from the test meals) minus
(actual energy intake from the self-selected diet + ener-
gy from test meals) divided by the energy value of the
test meals. Results were expressed as percentage. A
value of 100 represents an adjustment of free-feeding
intake that exactly offsets the energy contributed by the
peanuts. Values below 100 indicate incomplete com-
pensation.
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Appetite assessment

One hundred millimeter visual analog scales were
used for appetite assessment. These scales include
words anchored at each end, expressing the most posi-
tive and negative rating, to assess hunger, satiety, full-
ness, and prospective food consumption®™. Subjects
were carefully trained to use the questionnaire prior the
test. The questionnaires were made as small booklets
showing one question at a time. Subjects were instruc-
ted to rate the appetite dimensions by marking the scale
at the point that was most appropriate to their feeling at
that time and they could not refer to their previous ra-
tings when marking the questionnaire. Appetite ratings
were recorded immediately before and after the test
meal consumption, and hourly for three hours (fig. 1).
The results were expressed as the positive incremental
area under the curve (,AUC) of the scores.

Measurements and calculations

Subjects were instructed not to consume caffeine
and alcohol, to refrain from heavy physical activity and
to maintain a regular sleep-wake schedule (8 hours/
night) during 72-hours before test day. They were also
instructed to fast overnight prior to the assessments and
to minimize activity in the morning of the measure-
ments. Body weight, height, and waist and hip circum-
ferences were taken with subjects standing straight,
barefoot and wearing only light shorts. Body weight
and composition were assessed by a bioelectrical im-
pedance analysis device (Tanita, model TBF-300,
Tanita Corporation) in full compliance with the manu-
facturer guidelines. After at least 10 minutes of resting,
blood pressure was measured with the use of a sphyg-
momanometer by trained specialists.

Respiratory gas exchange was measured by indirect
calorimetry using a ventilated respiratory canopy
(Deltatrac II, MBM-200; Datex Instrumentarium Cor-
poration) in full compliance with the manufacturer
guidelines. The volume of oxygen consumption and
carbon dioxide production were measured over 30
minutes under fasting conditions. Then, the REE was
obtained from the device. To evaluate DIT and subs-
trate oxidation, the gas exchange was measured four
times over 200 minutes after test meal ingestion during
20 minutes within 30 minutes intervals (fig 1). Sub-
jects were asked to be awake and minimize motion
during measurements. DIT was calculated as the incre-
mental increase in energy expenditure above REE, ex-
pressed as percentage of the meal calories”. Cumula-
tive energy expenditure (kcal x 200 minutes) was
expressed as AUC™¥, To calculate carbohydrate and
fat oxidation, the urinary nitrogen was analyzed by
Kjeldahl method in timed urine samples, which were
collected during fasting period and over 200 minutes
after meal consumption (fig 1). Fasting and postpran-
dial substrate oxidation were calculated using the

equations propose by Frayn® and expressed as mg/min
and as its ,AUC.

Subjects’ daily energy requirements were calculated
by multiplying the measured REE by a physical activi-
ty coefficient. This coefficient depended on the physi-
cal activity level of each subject, which was evaluated
by using the International Physical activity Question-
naire and classified according to FAO/WHO/UNU
(2001)=+,

In order to preserve subjects’ health, peanut samples
were analyzed for aflatoxin content. Briefly, im-
munoaffinity columns were used (Aflatest®, Vicam)
for sample purification. The toxin was quantified by
using a high-performance liquid chromatography with
fluorescence detection. The post-column derivatiza-
tion was done using a Kobra cell® electrochemical cell.

Statistical analysis

The ,AUCs were calculated using GraphPad Prism
(Version 5; GraphPad software Inc) using the trape-
zoidal method. The statistical analyses were performed
using the SAS statistical package (Version 9.2; SAS
Institute Inc). Normality and homogeneity of variance
were evaluated by Shapiro-Wilk and Levene tests, res-
pectively. Accordingly, parametric or nonparametric
tests were performed.

Variables were compared between groups using
One-way analyses of variance (ANOVA) followed by
Tukey’s test or using the Kruskal-Wallis test followed
by Dunn’s test, as appropriate. Two-way repeated-
measures ANOVA were applied to test the differences
between groups throughout the test day for energy me-
tabolism variables and appetite sensation with treat-
ment and time as repeated factors. Paired t-tests or
Wilcoxon test were performed to compare habitual die-
tary intake with the test day intake. Power analysis was
calculated using the analyst procedures of the SAS
software. It indicated that a sample of 23 per group
would permit detection of a treatment effects with
more than 99% of power. The rejection level of signifi-
cance used was 5%. Results are presented as mean +
SEM.

Results

Seventy one subjects were randomized to the trial.
Subjects’ characteristics at baseline (fasting condition),
including anthropometry, body composition, blood
pressure, and energy metabolism variables did not di-
ffer between groups (table I). Physical activity level
(1.57 £ 0.01) and daily energy requirements (1954 +
22.3) were not significantly different between groups
nor did the habitual food intake (dara not shown).

Fasting resting metabolic rates were not different bet-
ween groups (0.95 + 0.02 kecal/min; p=0.7621) and in-
creased after the consumption of all test meals (p <

HIgh-oleic peanuts increase diet-induced
thermogenesis in overweight and obese
men
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Table I
Subjects characteristics af baseline (fasting conditions)

Overall (n=71) CT(n=24) CVP(n=23) HOP (n=24)
Age (years) 27.1£09 263+1.6 27.6x1.5 274x1.7
Body weight (kg) 94.1£1.3 94.2+25 93.1£2.0 949+2.1
BMI (kg/m?) 20.8+£03 29.8+06 205+0.4 30.1+0.5
Waist (cm) 101.5+0.9 101.9+1.8 100.7+£1.2 101.8£1.6
Hip (cm) 108.7+0.6 109.2+1.1 108.1%1.2 108.9+1.1
Fat mass (kg) 25307 25.6x1.5 242x1.1 26.1x1.2
Body fat percentage (%) 20705 26.8x£0.9 258x0.8 27.3x0.8
Fat free mass (kg) 68.8+08 68.7+1.4 689+1.3 688+1.3
Total body water (kg) 50.4+06 503+1.0 504+1.0 504+1.0
Systolic BP (mmHg) 119.0+1.6 121.0+4.0 118.0£1.7 118.0£22
Diastolic BP (mmHg) 69.0£1.5 73.0+£28 67.0+2.0 70.0+2.6
REE(keal/day) 1954+£22.3 1930£41.2 1964 +43.9 1968 +31.3
Respiratory quotient 0.82+0.01 0.81+0.01 0.83 +0.02 0.82+0.01
CHO oxidation (mg/min) 173.2+6.8 178.7+14.3 173.8x11.5 167.2£9.5
Fat oxidation (mg/min) 49.2£2.5 47.8£4.7 50.1£3.6 49.7£4.7

Values are mean + SEM. There was no difference between groups (ANOVA; p > 0.05). CT: control group. CVP: conventional peanut group.
HOP: high-oleic peanut group. BMI: body mass index. REE: resting energy expenditure. CHO: carbohydrate.

0.001). Energy expenditure increased significantly af-
ter the consumption of test meals (fig. 2). It is remark-
able that at 200 minutes, the HOP postprandial energy
expenditure was 9.25% higher than the resting energy
expenditure in fasting state, which was similar to the
value found for CT (9.04%), and both values were sig-
nificantly higher than CVP value (6.46%). There was
no group-time interaction in rm-ANOVA (p > 0.05).
Energy expenditure expressed as ,AUC was signifi-
cantly higher in HOP (636.6 + 43.7) than in CVP
(492.9 £35.1), yet, peanuts meals did not differ signifi-
cantly from CT meal (582.7 £ 37.7) (fig. 2A).

DIT after each meal ingestion is illustrated in figure
2B. Since test meals were isocaloric, the thermic effect
reflected the AUC of energy expenditure for each
meal. The DIT of high-oleic peanut (3.43 + 0.24%) was
significantly higher than the DIT of conventional
peanut (2.63 £ 0.17%) but did not differ significantly
from the control meal (3.19 £ 0.23%). The DIT from
CT was similar to the CVP (p > 0.05).

Carbohydrate and fat oxidation in fasting resting
state did not differ between groups (table I). Figure 2C-
D illustrates the changes in substrate oxidation after
test meal intake. Overall, carbohydrate oxidation in-
creased but returned close to baseline values after 200
minutes (172.4 + 9.8 mg/min). Conversely, fat oxida-
tion increased significantly in all groups at 200 minutes
compared to fasting state (66.7 + 3.7 mg/min). The

AUC for carbohydrate (179.9 + 12.7; overall) and fat
oxidation (47.3 + 5.0; overall) did not differ between
groups (p>0.05).

The food record filled out at the assessments day
showed that dietary intake did not differ between
groups neither from habitual dietary intake (p > 0.05).
Besides, the difference between dietary intake at the
assessment day and habitual diet (Delta-A) was not

significantly difference between groups (data not
shown).

There was no significant difference between groups
for energy compensation score. However, an important
clinical result of this study must be highlighted. Only
HOP showed a mean score below 100 (84.0 +£ 23.2),
which indicates incomplete compensation for caloric
intake. CT (102.3 + 19.9) and CVP (134.2 = 22.7)
meals contributed to a complete compensation for meal
test calories.

Concerning the ,AUC of fullness sensation score (fig.
3). the subjects felt significantly less “full” after the CVP
meal (105.1 £+ 15.8) than did those from HOP (158.6 +
15.5) and CT (155.8 + 15.52) (p = 0.0384). Satiety did
not differ significantly between groups after test meal in-
take (CT: 143.6 £ 16.9; CVP: 126.8 £ 15.1; HOP: 136.8
+ 16.7). Regarding prospective food consumption and
hunger sensation, it must be noticed that their analyses
represents the opposite of the preceding questions.
Therefore, the higher ,AUC is the lower the subjective
sensation is. The CT subjects were significantly less
prone to eat something else (54.8 £ 9.9) than did subjects
from CVP (33.9 + 16.5) and HOP (31.2 + 10.3). For
hunger sensation no significant difference between
groups was verified after test meal ingestion (CT: 99.5 +
15.7;CVP:93.9+ 13.9; HOP: 113.4+ 16.8).

There were no group-time interaction in rm-ANO-
VA for appetite scores (p > 0.05). Interestingly, all
groups increased the “fullness” sensation (p < 0.001),
yet, while CT and HOP maintained their scores signifi-
cantly higher during the 3 hours (p < 0.001), at the third
hour the “fullness” score of CVP was similar to base-
line (p =0.9925). All of the meals increased signifi-
cantly the subjects’ satiety (p < 0.001) and its score re-
main higher for all groups until the second hour after
meal intake (p < 0.01). However, at the third hour the
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Fig. 2.—Mean (+ SEM) changes in cumulative energy expenditure (A), diet-induced thermogenesis expressed as the percentage of each
meal calories ( B), carbohydrate oxidation (C), fat oxidation (D) and resting energy expenditure (E) during 200 min after test meal intake.
Bars with different letters are significantly different (ANOVA; p < 0.05). A mixed model with “meal” as a fixed effect and “subject” as a
random effect was used to estimate each meal effect on cumulative substrate oxidation. There was no group-time interaction for substrate
oxidation (rm-ANOVA/ p > 0.05). CT, control group; CVP, conventional peanut group; HOP, high-oleic peanut group; piAUC, positive
incremental area under the curve.

satiety score in CVP did not differ from baseline Discussion

(p = 0.0857), while the HOP (p = 0.0243) and CT

(p=0.0037) did. For hunger sensation score, all groups DIT and fat oxidation are important key elements
showed significant reduction after meal intake, but af- on energy balance regulation, thus, a decrease in these
ter 2 hours CVP and CT scores returned to baseline val- elements could result in body fat accumulation®+*. On
ues (p = 0.2009; p = 0.1683, respectively), while HOP the other hand, an increase in DIT and fat oxidation
maintained it lower than at baseline (p=0.0177). may lead to body fat reduction. This trial showed that
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Fig.3.—Mean (+ SEM) changes in scores for prospective food consumption (A), fullness (B), satiety (C) and Hunger (D) after test meals
intake. A mixed model with “meal” as a fixed effect and “subject” as a random effect was used to estimate each meal effect on scores over
the time. Adjustments on p values were done by using Tukey-Kramer's multiple group comparison procedures. CT, control group; CVP,

conventional peanut group; HOP, high-oleic peanut group.

high-oleic peanuts contribute for greater increment on
DIT (%) and on cumulative energy expenditure
(,AUC) compared to conventional peanuts. It is well
documented that carbohydrate and fat lead to lower
DIT than do protein since high-protein food/meal in-
duces body protein synthesis and also increases the
cost of deamination and convertion to glucose!*7.
However, in our study the difference in DIT can not
be attributed to peanuts’ protein contents since both
have similar amount of protein (30.0 and 29.1%, res-
pectively).

The fatty acids structure including number, position,
and configuration of double bonds influences metabol-
ic rate **. Therefore, it can be inferred that the diffe-
rence in DIT, as well as in NAUC of energy expenditure
reported in this trial may be due to the fatty acid profile
of the tested peanuts. Oleic acid represents the major
fatty acid of high-oleic type (81.5%), which means
59.8% more oleic acid than the conventional type.

It is well known that unsaturated fatty acids con-
tribute for higher DIT and fat oxidation compared to
SFA*=*# Besides, SFA have higher propensity to be
stored in adipose tissue than unsaturated fatty acids,
which are preferable oxidized and stimulates body fat
oxidation®**?* The authors of studies in which MUFA
intake increased DIT and fat oxidation, suggested that
this occurs due to a higher stimulation of the sympa-
thetic nervous system by the MUFA than by other fatty
acids»#,

Few studies have evaluated the effects of peanuts on
energy metabolism. Moreover, we did not find studies
in which the effects of high-oleic peanuts in energy me-
tabolism were tested. Alper and Mattes® designed a
crossover trial with 15 lean subjects that consumed
conventional peanuts (= 505 kcal/day). In their study it
was verified an increment of 119% (p < 0.01) in REE
without changing the DIT (p > 0.05) after 19-weeks?.
However, in an 8-week intervention clinical trial, con-
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ventional peanuts oil intake promoted a significant in-
crement (5%) in REE in overweight subjects (n = 24)¢.
In that study, overweight subjects (n = 24) the con-
sumption of the peanut oil contributed for an increment
of 5% in REE (p < 0.01), while an increment of 11%
(p <0.01) was verified when only men were included
in analysis (n=12).

Although, there were no significant differences bet-
ween groups for dietary data after the assessments, in-
cluding in dietary compensation score, an incomplete
compensation for caloric intake was verifyed only in
HOP. If the findings of this acute trial, persists for
chronic consumption of high-oleic peanuts, it could be
inferred that this type of peanuts do not pose a risk for
weight gain. Besides, as described by Kirkmeyer and
Mattes, there are great evidences that nuts consumers
are not heavier than subjects those who do not eat nuts
frequently®.

According to Acheson et al, foods that contribute to
higher DIT, also increase satiety". The results for DIT
showed that HOP had higher DIT than CVP (p < 0.05),
which is consistent with the incomplete compensation
for caloric intake found in HOP group. The composi-
tion of the test peanuts may have influenced the ap-
petite, which contributed for this clinical difference
found for caloric intake compensation. However, the
difference in fatty acids profile of test food, including
conventional peanut, may not be the only factor for this
compensation since, according to Kirkmeyer and
Mattes,the degree of fatty acid saturation is not an im-
portant factor for appetite sensation™.

There is general agreement that food rich in protein
and dieatry fiber are more satiating**'*. The foods tested
in this trial had similar amount of protein, as described
before. The total dietary fiber contents of test foods
were also similar since the high-oleic peanuts have
9.8% of dietary fiber while the conventional peanuts
have 8.9% and the control biscuits have 8.3%. Howe-
ver, high-oleic peanuts have more soluble fiber
(1.17%) than conventional peanuts (0.32%) and con-
trol biscuits (0.62%). Thus, soluble fiber contents may
partially explain the results described below for appe-
tite subjective sensation.

The type of protein used to prepare the control bis-
cuits may be one limitation of the present study since it
may have influenced the subjective appetite sensation
and the DIT results in the CT group. There are evi-
dences that different protein sources can modulate the
energy metabolism and appetite*'”. The main protein
source of the control biscuits was whey protein, while
main one used on HOP and CVP meals came from the
peanuts. According to Acheson at al., animal protein
rather than vegetable protein improve protein turnover
and favor protein synthesis, which contributes to in-
crease DIT, indirectly influencing appetite”. Yet, how
different protein source influences satiety is less clear.

To our knowledge, this is the first study that evalu-
ates the effects of high-oleic peanuts on energy meta-
bolism and appetite. A study conducted by O’Byrne et

al evaluated the long-term effect of a low-fat diet con-
taining high-oleic peanuts on serum lipoprotein pro-
files''. They found that high-oleic peanuts improved
serum lipid profile®. Thus, high-oleic peanuts seem to
have other beneficial metabolic effects also. Yet, fur-
ther investigations are necessary to evaluate the effects
of achronic intake of high-oleic peanut on metabolism,
including the variables of the present study, as well as
other variables such as body weight and composition,
and biochemical parameters. Regular consumption of
high-oleic peanut probably will increase DIT, which in
turns would increase total energy expenditure con-
tributing to negative energy balance, since peanuts may
also lead to lower caloric intake by reducing hunger
and caloric compensation, and increasing satiety.

Conclusion

The results of the present study showed that high-
oleic peanuts increased DIT compared to conventional
peanuts in overweight and obese men. Furthermore,
high-oleic peanuts contributed to interesting effects on
appetite sensation. The fatty acids profile of the high-
oleic peanuts seem to be the main factor responsible for
these effects. A long-term clinical trial is necessary to
elucidate the potential of high-oleic peanuts within a
dietary intervention in modulating appetite and energy
metabolism and as an outcome in controling obesity.
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Regular Intake of High-Oleic Peanuts Improves Fat Oxidation
and Body Composition in Overweight/Obese Men Pursuing a
Energy-Restricted Diet

Raguel Duarte Moreira Alves’, Ana Paula Boroni Moreira’, Viviane Silva Macedo', Rita de Cdssia Gongalves Alfenas’,
Josefina Bressan’, Richard Mattes” and Neuza Maria Brunoro Costa®

Objective: Evaluate the effect of high-oleic and conventional peanuts within a hypocaloric-diet on energy
metabolism and body composition.

Methods: This 4-week randomized clinical trial included males with BMI of 29.7 + 2.4 kg m 2 and aged
between 18 and 50 years. Participants were assigned to the groups: control (CT, n =22) that followed a
hypocaloric-diet; conventional peanuts (CVP, n = 22) or high-oleic peanuts (HOP, n = 21) that received the
hypocaloric-diet including (not adding) 56 g day ' of peanuts. Glucose, fat oxidation, and body fatness
and lean mass were the main outcomes.

Results: Body weight and composition did not differ between groups. However, within group total body
fat (kg) reduced with CVP and HOP, with a significant decrease in body fat percentage in HOP. While total
lean mass (kg) decreased in CT, total lean mass (%) increased in HOP. Truncal lean mass decreased in
the CT. At baseline, HOP had greater postprandial fat oxidation than the CVP. After 4-weeks, fasting fat
oxidation increased in CVP and HOP. Fat oxidation increased in CT and HOP during the 200 min after
meal intake compared to the fasting condition.

Conclusion: Regular peanut consumption, especially the high-oleic type, within a hypocaloric-diet

increased fat oxidation and reduced body fatness in overweigh and obese men.

Obesity (2014) 00, 00-00. doi:10.1002/0by.20746

Introduction

Despite their high-energy density, peanuts may aid in the prevention
and management of obesity and it’s metabolic complications (1-3).
The high protein (=24%) and dietary fiber (=8%) contents of pea-
nuts reportedly moderate appetite (1), Additionally, peanuts are a
rich source of monounsaturated fatty acids (MUFA) that may
increase body fat oxidation (2,4). The main MUFA present in pea-
nuts is oleic acid which is resistant to lipid peroxidation during stor-
age (5-7). Thus, there is interest in producing and promoting the
consumption of high-oleic peanuts to improve shelf-life without pro-
moting the risk of obesity and its complications (6). High oleic acid
peanuts may also reduce the negative metabolic effects of dietary
saturated fatty acids (SFA) (8,9).

O'Byme et al (1997) demonstrated that high-oleic peanuts improved
serum lipoprotein profiles (10). However. the effects of regular
intake of high-oleic peanuts on substrate oxidation, body composi-
tion, and appetite have not been studied. This trial aimed to compare

the effects of daily consumption of high-oleic and conventional pea-
nuts on energy metabolism, appetite, fat oxidation, and body compo-
sition in overweight/obese men.

Methods and Procedures

Participants

One hundred and fifty men were recruited. Eligibility included age
between 18 and 50 years, body mass index (BMI) ranging from 26
to 35 kg m™* and stable weight (+3 kg) during the previous 3
months. Individuals with acute diseases and/or eating disorders or
any chronic disease other than obesity, were not included. Other
exclusion criteria were the use of medications (e.g., fi-blockers or
diuretics, antibiotics, anti-inflammatory agents) that might affect
study outcomes over the 3 months prior to study initiation and high
alcohol intake (>168 g week ™). The study was approved by the
Ethical Committee on Human Research of the Federal University of
Vigosa (number: 185/2011). All participants provided a wrilten
informed consent.

! Nutrition and Health Department, Universidade Federal de Vicosa, Vigosa, Minas Gerais, Brazil  Nutrition Science Department, Purdue University,
Indiana, USA 7 Pharmacy and Nutrition Department, Universidade Federal do Espinto Santo, Alegre, Espirito Santo, Brazil

Funding agencies: We thank CNPg, CAPES, and the Peanuts Collaborative Research Support Program for the financial support.

Disclosure: The authors have nothing to disclose, there is no conflict of interest.
Additional Supporting Information may be found in the anline version of this article.
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Study design

This was a 4-week randomized, parallel-arm clinical trial. Partici-
pants were assigned to groups: control (CT, n=22); conventional
peanuts (CVP, n=22); high-oleic peanuts (HOP, n=21). They
received a standard dinner the night prior to assessments. After over-
night fasting, participants consumed a test-meal within 15 min.
Measurements included anthropometry, body composition, appetite,
food intake, and energy metabolism. During the next 4 weeks, par-
ticipants followed a hypocaloric-diet. They were asked to maintain
their customary physical activity level. At the end of the interven-
tion period, all measurements were repeated (Figure 1).

Dietary intervention

Each participant’s daily energy requirement was calculated, then
250 keal day ' were subtracted for the dietary prescription. All
experimental diets provided 15% of energy from protein, 30% from
fat, and 55% from carbohydrate.

The CT group’s diet did not include any test food. The CVP and
HOP groups’ prescriptions were calculated including a daily portion
of 56 g of conventional or high-oleic peanuts, respectively. Partici-
pants were free to eat the peanut portion any time of the day, yet,
they were asked to consume the whole portion at once. The energy
provided by peanuts in the CVP and HOP groups was offset in the
balance of the diet, thus, total energy prescription was comparable
on all three treatments. Because the dietary intervention was in a
free-living condition, participants were instructed to use an
exchange-based self-selected food list.

Test meal and peanuts

The night prior to each assessment, participants consumed a stand-
ard dinner that consisted of instant plain noodles (Nissin®) with
grated parmesan cheese, and grape juice (731 kcal; 65.1% from car-
bohydrate, 7.6% from protein, and 28.3% from fat). This meal was

intended to reduce hepatic glycogen oxidation during the fasting
state at night, and diet induced thermogenesis (DIT) (11).

After fasting assessments, the test meal was offered according to
their group assignment. Each test meal provided 25% of each partic-
ipant’s daily energy requirement. The meals consisted of a straw-
berry flavored milkshake and 56 g of unpeeled roasted peanuts (con-
ventional, high-oleic) or control biscuits. They had the same
volume, energy density, and provided 35% of energy from carbohy-
drate, 16% from protein, and 49% from fat.

Conventional and high-oleic peanuts were prepared in dry heat then,
56 g of peanuts were vacuum packed and stored. This portion of
conventional and high-oleic peanuts contains, respectively, 13.6 and
12.8 g of carbohydrates, 16.8 and16.3 g of proteins, 24.0 and 24.7 g
of fat, and 5.0 and 5.5 g of dietary fiber (0.2 and 0.7g of soluble;
4.8 and 4.8 g of insoluble). Oleic fatty acid represents 51.0% of total
fat in conventional peanuts and 81.5% in high-oleic peanuts. Control
biscuits were developed in the laboratory to offer similar amounts of
macronutrients and fiber, and energy density as the peanuts. Its com-
position was also analyzed. Its ingredients consisted of eggs, whey
protein supplement, whole wheat flour, margarine, hydrogenated
vegetable shortening, soybean oil, dietary fiber, sesame seed, wheat
bran, salt, and powdered yeast.

The milkshake was prepared just before its consumption and con-
sisted of water, ice, whole milk powder, whey protein supplement,
soybean oil, and Nesquik® strawberry powder. This milkshake was
prepared to complete the energy and macronutrient consistent with
the macronutrient proportion previously described.

Dietary intake assessment
Participants provided two 3-day food records (two nonconsecutive
week days and one weekend day), before the baseline assessments
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and during the fourth week of the study. Food records were ana-
lyzed using Dietpro software (version 5.2i).

Appetite assessment

One hundred millimeter visual analog scales were used for appetite
assessment. These scales include words anchored at each end,
expressing the most positive and negative rating, to assess hunger,
satiety, fullness, and prospective food consumption (12). Appetite rat-
ings were recorded immediately before and after test meal consump-
tion, and then hourly for 3 h (Figure 1). Results were expressed as the
positive incremental area under the curve (;;AUC) of the scores.

Measurements and calculations

All measurements were taken at baseline and after 4-weeks, Partici-
pants were instructed not to consume caffeine or alcohol, to refrain
from non-customary physical activity, and to maintain a regular
sleep-wake schedule (8 h night ') over the 72 h before assessments.
Participants fasted overnight. Body weight, height, and waist and
hip circumferences were assessed. Body composition was assessed
by dual-energy X-ray absorptiometry (DEXA) (Lunar Prodigy
Advance DXA System, GE Lunar) in a subsample (75%; CT
n=12; CVP n=17; HOP n = 18) due to the equipment schedule
availability. The DEXA analyses provided total and regional body
fatness, including truncal, android, and gynoid composition. The
neck, chest, abdominal, and pelvic areas are included in truncal
analyses. The area between the ribs and the pelvis, and is totally
enclosed by the trunk region, was considered the android area while
the gynoid region includes the hips and upper thighs, and overlaps
both the leg and truncal regions (13).

Respiratory gas exchange measurements were performed by indirect
calorimetery using a ventilated respiratory canopy (Deltatrac II:
Datex Instrumentarium Corporation) in full compliance with the
manufacturer guidelines. REE, respiratory quotient (RQ), and sub-
strate oxidation were measwred over 30 min under fasting condi-
tions. To evaluate the postprandial metabolic rate for DIT and sub-
strate oxidation, this measurement was performed four times after
test meal consumption during 20 min with 30-min intervals, over
200 min (Figure 1). DIT was calculated as the incremental increase
in energy expenditure above REE, expressed as percentage of the
test meal calories (14). To calculate substrate oxidation, urinary
nitrogen was analyzed by the Kjeldahl method (15) in timed urine
samples, which were collected after overnight fasting and over 200
min after meal ingestion. Fasting and postprandial substrate oxida-
tions were calculated uvsing standard equations (16) and were
expressed as mg per minute.

Statistical analysis

Power analysis was calculated by SAS (Version 9.2) using body fat
percentage as the primary outcome. It indicated that a sample of 12
per group would permit the detection of a 5% variance in body fat
percentage with 99% power at the 5% level of probability.

The zAUC of appetite scores were calculated using GraphPad Prism
(Version 5). Statistics were performed using SAS. The normality
and homogeneity of variance were tested by Shapiro-Wilk and Lev-
ene tests, respectively. Results are presented as mean * sem. Varia-
bles and their changes (A =Final — Baseline) were compared

between groups using one-way ANOVA or Kruskal-Wallis followed
by Tukey’s or Dunn’s test, respectively. Two-way repeated-measures
ANOVA was applied to test the differences between groups
throughout the test days for postprandial metabolic and substrate
oxidation with treatment and time as repeated factors. Changes (A)
in all variables were compared within each group by paired 7 test or
Wilcoxon test.

Results

Seventy six participants were randomized to the trial. Seven partici-
pants (9.2%) withdrew for personal reasons. Sixty five were included
in the analyses due to missing data. Baseline weight and body com-
position did not differ between groups (P > 0.05) (Table 1).

Baseline fasting REE, RQ, and oxidation of carbohydrate and fat
were not statistically different between groups. Furthemmore, there
was no difference between groups for physical activity levels
(P = 0.7650) or daily energy requirement (P = 0.8760). Habitual die-
tary intake as well as the energy balance, calculated as the differ-
ence between caloric intake and total energy expenditure, was not
different between groups (P > 0.05) (data not shown).

Changes in anthropometry and body composition are presented in
Table 2. Body weight, BMI, and waist and hip circumferences were
significantly reduced in all groups. The percentage of weight loss
did not differ between groups (2.3% = 0.4% in CT, 1.6% £ 0.3% in
CVP, and 1.9% = 0.4% in HOP). Energy balance was negative in all
groups with no statistical differences between them (data not
shown), which is consistent with the weight loss results.

Changes in the following variables were not different between
groups. However, within group, total body fat mass (kg) was
reduced in the CVP and HOP groups (P < 0.05). A significant
decrease in total body fat percentage was verified only in the HOP
group (Figure 2). While a significant decrease in total fat free and
lean mass was documented in CT, a significant increase in total lean
mass percentage occurred in the HOP group. In the CT group,
62.9% of the total body weight loss was in fat free mass (FFM)
while in the CVP group 69.9% of total weight loss was in fat mass
(Figure 2). Furthermore, the HOP group had an 86.3% of fat mass
loss with a slight FFM loss in relation to total mass lost.

Truncal fat free and lean mass (P < 0.05) decreased in the CT group.
A significant reduction in gynoid fat percentage and an increase in
gynoid lean mass percentage were observed only in the HOP group.
Android mass was not significantly changed in any group.

Subjects did not change their physical activity level in comparison
to baseline (CT: P=1.0; CVP: P=0.73; HOP: P=0.84), and no
difference between groups was measured (P = 0.97).

Between groups assessments of energy metabolism variables, as
well as changes compared to baseline, were not significantly differ-
ent. Within group analysis showed that, the REE was not signifi-
cantly changed (Table 3), but there was a significant decrement in
fasting RQ and in carbohydrate oxidation in the CVP group, but not
in CT and HOP groups. Indeed, fasting fat oxidation increased sig-
nificantly in the CVP and HOP groups (Table 3).
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TABLE 1 Participants characteristics according to the experimental group at baseline

CT (n=22) CVP (n=22) HOP (n = 21)
Age (years) 274+16 280=1.5 268+19
Body weight (kg) 945+25 93422 95124
BMI (kg m ) 29.7+06 29504 299+ 06
Waist (cm) 1023+20 1009 = 1.3 1017 =18
Hip (cm) 109.1+141 1080 = 1.1 1094 =11
Waist-hip ratio 0.94+0.01 0.93 = 0.01 0.93 =0.01
Body composition (DEXA) CT (n=12 CVP (n=17) HOP (n=18)
Total body fat percentage (%) 334+09 311 =18 335 x13
Total fat mass (kg) 329+13 29314 31616
Total fat free mass (kg) 65009 641 1.1 621 x1.3
Total lean mass percentage (%) 629+09 651 1.0 629 +1.2
Total lean mass (kg) 61.4+09 60.6 +=1.0 58.7 1.2
Truncal fat percentage (%) B7x14 345+1.0 368+15
Truncal fat mass (kg) 17110 148 0.7 16.3 £1.1
Truncal fat free mass (kg) 288+06 277 =05 27108
Truncal lean mass percentage (%) 217086 266 = 0.5 26.1 0.7
Truncal lean mass (kg) 60.7 =14 629 1.0 608 =16
Gynoid fat percentage (%) 38610 IT4£1.2 39413
Gynoid fat mass (kg) 57x02 50 £03 5103
Gynoid fat free mass (kg) 90x02 8302 82=x02
Gynoid lean mass percentage (%) 586=1.0 593 x1.2 57614
Gynoid lean mass (kg) 86x02 78x02 7802
Android fat percentage (%) 36.7x18 334 £1.0 358 £1.9
Android fat mass (kg) 25x0.2 21 =01 23*0.2
Android fat free mass (kg) 4201 41 =01 40=01
Android lean mass percentage (%) 42041 40 =01 40=01
Android lean mass (kg) 62317 654 1.0 63.0+19

Values are mean = SEM. There was no difference between groups (P = 0.05; ANCVA or Kruskal-Wallis). CT, contral group; CVP, conventional peanuts group; HOP, high-

aleic peanuts group; BMI, body mass index; DEXA, dual-energy X-ray absorptiometry.

Baseline DIT was significantly higher after high-oleic peanuts intake
(3.57% = 0.26%) compared to conventional peanuts
(2.60% + 0.17%). However, there was no significant difference in
DIT between the CT (3.21% = 0.25%) and HOP groups. Conversely,
DIT assessed after 4-weeks did not differ significantly between
groups (CT: 3.07% x£043%:; CVP: 2.38% *£0.24%; HOP:
2.97% =+ 0.21%). Changes within groups were not significant.

As expected, in all groups, on both test days, energy expenditure
measured at 50, 100, 150, and 200 min after meal intake was signif-
icantly different from fasting values. It was significantly increased
at 50 and 100 min after test meal intake compared to the fasting
condition. There was no group-time interaction for carbohydrate oxi-
dation. For fat oxidation, different response were verified at baseline
compared to final assessments. At baseline, fat oxidation was
increased significantly at 200 min after test meal in all groups com-
pared to the fasting condition. Significant increases were observed
200 min after test meal intake in the HOP and CT groups at the
final assessments. This did not occur in the CVP group (P = 0.45).
At baseline, the HOP group had greater fat oxidation than the CVP
group after 200 min of meal intake (P = 0.04).

The results shown in Figure 3 represent the mean integrated value
for appetite scores calculated as the ;AUC over the time at baseline
and at the final assessments. At baseline, there was no difference
between groups for appetite after test meal intake. At the final
assessment, there was a significant decrease in “fullness” in the
HOP group compared to baseline (P =0.013), but there was no dif-
ference between groups. Participants from the CT group reported
greater satiety at the final assessment compared to the CVP group
(P =10.03). Because prospective food consumption and hunger rat-
ings are reversed scored compared to satiety, taller bars represent
lower sensation levels. Thus, only the CT group rated hunger lower
at the final assessment compared to baseline (P = 0.03). No changes
of prospective food consumption were observed.

In the prescribed diet, peanuts contributed a mean of 12.7% of total
energy, 2.5% of total carbohydrate, 16.0% of total protein, and
30.3% of total fat. Overall, the prescribed energy restriction repre-
sented 8.3% of participants’ daily energy requirement. However,
dietary data from the fourth week showed that participants in the
CT group experienced greater energy restriction (28.4% =3.2%)
than did the CVP and HOP participants (15.7% =4.3% and
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TABLE 2 Changes (A) in body composition variable after 4-weeks of intervention

CT (n=22) CVP (n=22) HOP (n=21) P value

Body weight (kg) —2.24 +0.35" —146+0. 29° —-1.70+ 0.33° 0.2232
BMI (kg m 3 -0.70 =011* —047 = 0.09° —055+0.10° 0.2232
Waist (cm) —2.06 £0.30° —2.00 = 0.40° -1.58+0.34° 0.9057
Hip (cm) —1.37 =0.26 —1.05+ 0.40° —114=+0.28" 0.7654
Waist-hip ratio —0.01 =0.00 —0.01+0.00 0.00+ 0.00 0.7691

Body compaosition (DEXA) CT (n=12) CVP (n=17) HOP (n=18) P value

Total body fat percentage (%) —0.06 =0.28 —-064+0.34 —-0897+0.31* 0.2547
Total fat mass (kg) —0.78 £0.32 —1.02+0.33 -1.39+0.29° 0.5138
Total fat free mass (kg) —1.32 £0.28" —044+0.37 —-0.22+0.31 0.1465
Total lean mass percentage (%) —0.03 £0.30 060 =037 0.94+0.33* 0.2582
Total lean mass (kg) -1.33 £0.30" -042+0.39 -0.19=+0.33 0.1566
Truncal fat percentage (%) —0.08 =058 —0.88 = 0.64 =1.03=0.60 0.6504
Truncal fat mass (k) —0.57 = 0.41 -043 =041 —0.60=+0.40 0.9617
Truncal fat free mass (kg) —0.76 £0.20" 0.04 +0.30 019+ 0.27 0.1091

Truncal lean mass percentage (%) —0.03 £0.63 0.89=+0.70 1.08 + 0.61 0.5932
Truncal lean mass (kg) —0.77 £0.21* 0.05+0.30 019+ 0.27 01077
Gynoid fat percentage (%) —-0.13+0.34 —052+0.46 —1.61+0.56" 0.1612
Gynoid fat mass (kg) —0.17 £0.06 —0.11+0.09 0.12+0.26 0.9530°
Gynoid fat free mass (kg) 0.04 +0.36 0.55+0.49 1.71+0.61 0.2097
Gynoid lean mass percentage (%) —-0.23 013 —-0.03+0.15 024+0147* 0.1456
Gynoid lean mass (kg) -0.23+013 —0.04+0.15 0.23+0.16 0.2023
Android fat percentage (%) —0.60 =0.83 -088x1.14 —-1.28+0.97 0.9239
Android fat mass (kg) —0.08 =0.09 —0.07 £ 0.09 —0.08 = 0.06 0.9804
Android fat free mass (kg) —0.06 =0.04 —0.02 £ 0.05 0.04 +0.04 0.4869
Android lean mass percentage (%) 0.48 =0.85 092114 1.36=0.98 0.8792
Android lean mass (kg) —0.06 =0.05 —0.02+0.05 0.04 +0.05 0.4300

Values are mean £ SEM. P value column refer to differences between groups (ANCVA or Kruskal-Wallis test. There was no difference batween group (P = 0.05).
SSignificant difference between baseline and final assessments within group (P < 0.05; paired t test or Wilcoxon test). GT, control group; GVP, conventional peanuts group;
HOP, high-oleic peanuts group; BMI, body mass index; DEXA, dual-energy X-ray absorptiometry.

"Kruskal-Walis test.

15.1% = 4.5%, respectively) (P < 0.05), Energy intake, as well as
dietary fiber, did not differ between groups (data not shown).

The HOP group intake of total fat (g) was significantly higher
(1034 = 10.1 g) than in the CT group (70.2 = 5.5 g) (P < 0.01). The
percentage of total fat in relation to total energy intake was signifi-
cantly lower in the CT group (28.0% % 0.8%) than in other groups
(CVP: 34.5% *+0.9%: HOP: 35.5% = 1.4%). The percentage of SFA
in relation to total energy intake was not different between groups.
However, the HOP group had higher intake of MUFA than the other
groups (P < 0.01) while the CVP group showed higher intake of pol-
yunsaturated fatty acids (PUFA) compared to the HOP and CT
(P =10.01) groups. The CT group had a higher intake of carbohy-
drate, in percentage, than the other groups (P < 0.01).

Discussion

Although the potential metabolic benefits of peanuts and other nuts
have been recognized, few studies have include nuts in weight-loss reg-
imens (17). In a recent meta-analyses, a mean body weight reduction of
2.61 kg (P> 0.05) was verified in energy-restricted nut-enriched diets
(18). A hypocaloric moderate-fat diet that included convention peanuts

(whole, butter, and oil) significantly reduced body weight but with no
difference compared to a hypocaloric low-fat peanut-free diet (19).

O'Byrne et al. reported that daily intake of high-oleic peanuts
within a hypocaloric-diet for 6 months led to significant weight loss
(3.6 kg), while body weight was unchanged in their control group
(10). In that study, participants from both groups restricted energy
intake similady (10). In the present trial, weight loss was also
observed in the control group, but energy restriction was similar in
all groups. Although the recommended energy prescription was the
same in all groups, the CT group actually consumed less energy
than the CVP and HOP groups. Nevertheless, body weight was sig-
nificantly and similarly reduced in all groups. Thus, the groups con-
suming peanuts lost more weight relative to the level of their
energy restriction. Indeed, by reducing ~550 kcal day™'. An
expected weight loss of 2.0 kg in 4 weeks, which was close to the
2.2 kg found after intervention. The HOP group had a restriction of
~215 keal day ' in relation to habitual intake, which leads to a
predicted a weight loss of (.8 kg, but the observed decrement was
1.7 kg. In the CVP group, a reduction =275 kcal day ' would the-
oretically lead to 1.0 kg of weight reduction, but they had a mean
weight loss of 1.5 kg.
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Figure 2 Mean (+SEM) changes In total body fat percentage (A), total lean mass
percentage (B), and in fat free mass and fat mass loss In refation to total body
weight loss (%) after intervertion (C). There was no difference between groups
(P = 0.06; ANOVA or Kruskal-Wallis). “Significant difference between baseline and
final assessments within group (P < 0.05; paired t test or Wilcaxon test). CT, control
group; GVP, conventional peanuts group; HOP, high-oleic peanuts group.

Four mechanisms that have been identified as contributing to the
effects of peanut consumption on energy-balance warrant considera-
tion. The first is that peanuts hold high satiety value since they are a
rich source of fiber and protein (1,20,21). In this trial, there were no
significant differences in appetitive ratings between groups. A recent
study reported that conventional peanut consumption lead to greater
satiety compared to control treatment after 1 h of its intake (21).
Given the groups consuming peanuts ingested less energy, this sug-
gests the inclusion of peanuts in the diet did enhance satiety.

Second, the energy contained in peanuts is not fully bioaccessible,
thus they yield less than the predicted amount of energy (22-24).
This occurs due to the encapsulation of intracellular fat by cell walls
that are resistant to enzymatic and microbial degradation in the gas-
trointestinal tract. Thus, intact cotyledon cells are lost in the feces
(22,23). The magnitude of energy lost by this mechanism is not well
characterized. Estimates range from about 5-18% (25,26) of the pea-
nut energy value depending on the amount consumed and the back-
ground diet in which it is incorporated. Prior work revealed individ-

uals who added 500 kcal day~ ' of peanuts to their customary diet
did not gain the predicted weight (1). The contribution of inefficient
energy absorption to the findings of this trial cannot be determined
as no fecal analyses were conducted.

Third, peanut consumption reportedly elevates resting energy expendi-
ture. One trial observed a significant 11% increase in REE without a
change of DIT (1). A 5% rise was noted in an 8-week trial of daily
intake of conventional peanut oil by overweight participants (2). A
later trial revealed a 13% increment in REE associated with daily
almond consumption, but the change was not statistically significant
(22). However, this was not replicated in the present study as neither
REE nor DIT changed over time or varied between treatment groups.
DIT in the HOP group was significantly higher than DIT from the
CVP group at baseline, but this difference was not sustained over the
trial. Likewise, studies with regular almond consumption showed no
difference in REE, total energy expenditure, and DIT (22,27).

A fourth potential mechanism that may have contributed to the find-
ing that similar weight loss occurred with a lesser energy restriction
among peanut consumers entails an augmentation of fat oxidation
with peanut consumption. This has not been well studied. In the
present trial, fat oxidation was significantly elevated in the late post-
prandial period only in the HOP and CT groups. Further, the HOP
group had higher late postprandial fat oxidation at the initial test
session than the CVP group. Differential oxidation of fatty acids
varying in saturation have been reported (1.28) with higher rates
noted for monounsaturated fatty acids (28). Consistent with this, the
present trial noted that fat oxidation was augmented by consumption
of high oleic acid peanuts compared to the conventional variety.

Less is known about the effects of peanut consumption on body
composition than body weight. This is an important distinction
because a reduction in body fat accompanied by an increment in
FFM can result in minor difference in weight yet hold important
health benefits (29-32). Besides, differences in body fat distribution
(peripheral and central) may have different impacts on metabolic
parameters (11,13,33,34). Furthermore, improvement in body com-
position, including reduced body fat relative to FFM, may aid in to
the prevention of weight regain (11,35). Within group analyses
revealed significant reductions in total body fat mass (kg) only in
groups consuming peanuts. Additionally, a significant decrease in
total body fat percentage accompanied by a significant increase in
total lean mass percentage was observed only in the HOP group.
Moreover, only the HOP group decreased gynoid fat percentage, while
its lean mass percentage increased. It has been reported that peanut oil

TABLE 3 Changes (A) in fasting energy expenditure, respiratory quotient, and carbohydrate and fat oxidation after the

intervention

CT (n=22) CVP (n=22) HOP (n=21) P value
REE (keal day ) —-21.3x154 —26.9+ 141 —-04+195 0.5195
Respiratory quotient —0.01 = 0.01 —0.02+0.01* —0.01 =0.01 0.7262
CHO oxidation (mg min ") —195+174 —308+11.8" —-162+99 0.7405
Fat oxidation (mg min ") 36=x65 9.9+42% 111 =542 0.6063

Walues are mean = SEM. P value column refer to differences between groups (ANCVA).
“Significant difference between baseline and final assessments within group (P < 0.05; paired ¢ test or Wilcoxon test). CT, contrdl group; CVP, conventional peanuts group;

HOP, high-olsic peanuts group; REE, resting energy expenditure; CHO, carbohydrate.
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intake in addition to habitual diet, during 8-weeks, did not increased
hip circumference, a simple marker of gynoid fatness, while olive oil
did (36). In a meta-analysis, nut-enriched diets were compared with
control diets and no significant effect of nuts consumption on waist
circumference was verified, yet, in studies that imposed an energy
restriction its reduction was greater than in weight-maintenance stud-
ies (18). In the present trial, all changes in body composition occurred
without changes in participants’ physical activity so are attributed to
the dietary intervention. The reduction in total body fat mass in CVP
and HOP groups may be attributable to the significant increase in fast-
ing fat oxidation in these groups. Furthermore, the slightly higher
increment in fasting fat oxidation in HOP group compared to CVP
group may be a consequence of the higher intake of MUFA in the
HOP group (2.4). The CT group actually experienced a reduction of
MUFA intake consistent with their lack of change in fat mass. High-
oleic peanuts intake contributed to a decrement in body fat (=3.1%) in
the study conducted by O'Byrne el al. (10), although, lean and fat free
mass were not measured in that study. Alper and Mattes found no sig-
nificant difference in body composition after daily intake of conven-
tional peanuts (1).

There are other rich sources of oleic fatty acid other than nuts. Cor-
roborating the present findings, the consumption of an olive oil-
enriched diet during 4-weeks by overweight and obese men, decreased
fat mass accompanied by an increment in lean body mass without sig-
nificant change in body weight (37). Morcover, after following a
MUFA enriched-diet with a mix of olive oil and nuts for 4-weeks, a
significant reduction in body weight and fatness was observed in over-

weight and obese man (38). Furthemmore, although an olive oil-
enriched diet did not change body weight and fatness of the obese indi-
viduals, it prevented central body fat distribution leading to an
improvement in insulin sensitivity (39). When two MUFA-enriched
diets within a 6-months weight reduction program were compared
(olive oil versus rapeseed), no significant difference between then was
verified, yet, both were effective in reducing body weight, fat mass,
and waist circumference with an increment in lean mass (40). These
results are consistent with the hypothesis that oleic fatty acid improves
body composition to reduced cardiovascular disease risk.

Conclusion

The inclusion of peanuts in an energy-restricted diet does not com-
promise weight loss. Indeed, peanut consumption contributes to
higher fat oxidation and improved body composition. This is aug-
mented by ingestion of high oleic peanuts, O

© 2014 The Obesity Society
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High-Oleic Peanuts: New Perspective to Attenuate Glucose
Homeostasis Disruption and Inflammation Related Obesity

Ragquel Duarte Moreira Alves’, Ana Paula Boroni Moreira', Viviane Silva Macedo’, Josefina Bressan’,
Rita de Cdssia Goncalves Alfenas’, Richard Mattes® and Neuza Maria Brunoro Costa’

Objective: To evaluate the effects of acute and daily consumption of high-oleic peanuts (HOP) on inflam-
mation and glucose homeostasis in overweight/obese men.

Methods: In a 4-week randomized clinical trial, males with body mass index of 29.8 = 2.3 kg/m® and
aged 18-50 years were assigned to the groups: control (CT, n = 22); conventional peanuts (CVP, n = 22);
or HOP (n = 21). They followed a hypocaloric-diet with or without 56 g/day of CVP or HOF. Main out-
comes were changes in fasting blood biomarkers and postprandial insulin, glucese, tumor necrosis
factor-alfa (TNF-z), and interleukin-10 (IL-10) responses after acute peanut intake.

Results: At baseline, HOP showed significantly lower postprandial responses of glucose, insulin, and
TNF-z than CVP and CT. Changes in fasting blood biomarkers did not differ between groups after the 4-
week intervention. However, within groups, total cholesterol decreased in CT, and all groups reduced
High-density lipoprotein (HDL-c). Triglycerides were reduced in HOP and CVP. IL-10 increased signifi-
cantly in all groups while only the CT and CVP showed increased TNF-« after intervention.

Conclusion: Acute high-oleic peanut consumption leads to stronger moderation of postprandial glucose,
insulin, and TNF-z concentrations than CVP and control meal intake. Whether daily intake of high-oleic
peanuts has additional benefits to CVP remains uncertain.

Obesity (2014) 00, 00-00. doi:10.1002/aby.20825

weight management (12). Peanuts are a rich source of MUFA and their
consumption is associated with improved postprandial profiles of
inflammatory markers and lipids (16,17). Consistent with this evidence,
preliminary findings indicate that recently bred high-oleic peanuts
(HOP) improve the serum lipoprotein profile compared to a control
diet (15). However, this requires replication and effects of HOP on
inflammatory markers have not been evaluated. We hypothesized that
inclusion of HOP in a hypocaloric-diet would improve the inflamma-
tory blood biomarker profile of overweight and obese mdividuals. Fur-
ther, because low-grade inflammation is associated with insulin resist-
ance (2), the intake of HOP was also posited to moderate postprandial
glucose and insulin responses. The purpose of this trial was to evaluate
the effects of acute and daily consumption of high-oleic, compared to a
conventional peamuts (CVP), on inflammation, glucose homeostasis,
and lipid biomarkers in overweight and obese men.

Introduction

Obesity is associated with increased risk for the development of
metabolic syndrome, type 2 diabetes, and cardiovascular disease
(CVD) (1). Further, increased body fatness is associated with higher
circulating concentrations of inflaimmatory biomarkers, which nega-
tively influence the cardiovascular system and glucose homeostasis
(2-5). Tumor necrosis factor-alfa (TNF-z), a proinflammatory cyto-
kine, induces the phosphorylation of the serine residues of the insu-
lin receptor substrate, disrupting insulin signaling by reducing
GLUT-4 synthesis and translocation culminating in hyperinsulinemia
and/or insulin resistance (6). Western diets can contribute to these
complications by continuous stimulation of the endocrine pancreas
leading to a repeated or chronic hyperinsulinemia (7). Little is
known about postprandial variations in circulating inflammatory
markers, but insulin resistance exacerbates the postprandial inflam-
matory response, which in turn, can increase insulin resistance (8).

Methods

Saturated fatty acids (SFA) are more prone to storage than monounsat-

urated fatty acids (MUFA), promote atherogenesis and increase inflam-
mation in adipose tssue (9-12). SFA replacement by MUFA can
reduce total cholesterol and low-density lipoprotein (LDL-¢) (12-15).
Morcover, this substitution may improve glucose homeostasis and body

Participants

One hundred and fifty men underwent a brief nutritional screening.
Eligibility included age between 18 and 50 years, body mass index
(BMI) ranging from 26 to 35 kg/m”, and stable weight (+3 kg)

! Nutrition and Health Department, Universidade Federal de Vigosa * Food and Nutrition Department, Purdue University * Pharmacy and Nutrition
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Figure 1 Study design. CVP, conventional peanuts group and HOP, high-oleic peanuts group.

during the previous 3 months. Individuals with acute diseases and/or
eating disorders or any chronic disease other than obesity were not
included. Other exclusion criteria were the use of medications that
might affect study outcomes over the 3 months prior to study initia-
tion and high alcohol intake (>168 g/week). The study was
approved by the Ethical Committee on Human Research of the Fed-
eral University of Vigosa (number: 185/2011). All participants pro-
vided informed consent.

Study design

This was a 4-week randomized, parallel-arm trial. Participants were
assigned to one of three groups: control (CT); CVP; and HOP. The
study design is represented in Figure 1. Participants consumed a
standard dinner the night prior to assessments. After an overnight
fast, a catheter was introduced into an antecubital vein for blood
sample collection. Body composition was also assessed. Then, par-
ticipants consumed a test meal within 15 min and after 1. 2, and 3
h, blood samples were drawn. During the next 4 weeks, participants
followed a hypocaloric-diet and they were asked to maintain their
customary physical activity level. At the end of the intervention
period, the fasting measurements were repeated.

Dietary intervention

Each subject’s daily energy requirement was calculated and 250
kcal was subtracted for the dietary prescription to promote =1 kg
of weight loss during the trial. All the experimental diets provided
15% of energy from protein, 30% from fat, and 55% from carbohy-
drate. All groups consumed a hypocaloric-diet. The CT diet did
not include any peanuts, but the CVP and HOP diet included a
daily portion of 56 g of conventional or HOP, respectively. Partici-
pants were free to eat the peanut portion any time of the day, yet,
they were asked to record the time in a notepad daily and to con-
sume the whole portion at once. The energy provided by peanuts
in the CVP and HOP groups was offset in the balance of the diet,

thus, the total energy prescription was comparable on all three
treatments. Since the dietary intervention was in a free-living
condition, participants were instructed to use an exchange-based
self-selected food list.

Test meal and peanuts

A standard dinner was consumed the night prior to the asscssments
and it consisted of one pack of instant plain noodles (109 g-Nissin®)
with 5 g of grated parmesan cheese, and 200 mL of grape juice.

On tests day, participants consumed their group-specific test meal
within 15 min. All test meals provided 25% of each subject’s daily
energy requirement. They consisted of a strawberry flavored milk-
shake and 56 g of unpeeled roasted peanuts (conventional, high-
oleic) or control biscuits. They had the same volume, energy density
and provided 35% of the calories from carbohydrates, 16% from
protein, and 49% from fat.

The portions of CVP and HOP offered to the participants contained
13.6 and 12.8 g of carbohydrates, 16.8 and 16.3 g of protein, 24.0
and 24.7 g of fat, and 5.0 and 5.5 g of dietary fiber (0.2 and 0.7 g
of soluble; 4.8 and 4.8 g of insoluble), respectively. The fatty acid
methyl esters were determined by gas chromatography following the
protocol proposed by Folch et al. (18) and Hartman and Lago (19).
Oleic fatty acid represents 51.0% of total fat in CVP and 81.5% in
HOP (Table 1). Control biscuits were developed in the laboratory to
offer a similar amount of total carbohydrates, protein, fat, and fiber,
and energy density as CVP.

Dietary intake assessment

Participants completed two 3-day food records (two nonconsecutive
week days and one weckend day), before the baseline assessments
and during the fourth week of the study. Food records were ana-
lyzed using Dietpro software (version 5.2i).
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TABLE 1 Percentage of fatty acids in relation to total fatty
acids of the conventional peanuts and high-oleic peanuts,
and control biscuits

Conventional High-oleic
peanuts peanuts  Control
Fatty acid (IAC-886) (IAC-505) biscuits
Lauric acid (C12:0) - 0.43
Palmitic acid (C16:0) 8.78 523 12.76
Heptadecanoic acid (C17:0) 0.46 018 0.27
Stearic acid (C18:0) 2.14 208 8.08
Hlaidic acid (C18:1n9t) - - 711
Oleic acid (C18:1n9) 50.96 81.47 35.16
Linolelaidic acid (C18:2n6t) - - 0.96
Linoleic acid (C18:2n6) 31.93 3.87 32.48
Arachidic acid (C20:0) 0.82 119 0.53
Gamma-linolenic acid - - 0.16
(C18:3n6)
Eicosenoic acid (C20:1n9) 0.82 1.45 1.06
Alpha-linolenic acid 0.28 0.44 1.44
(C18:3n3)
Behenic acid (C22:0) 2.59 268
Erucic acid (C22:1n9) 017
Lignoceric acid (C24:0) 1.46 1.65 -
Total SFA 16.25 13.01 22.07
Total MUFA 51.78 83.09 36.21
Total PUFA 32.21 430 34.08
Total Trans - - 8.07

— = not detected. Values are means of triplicates.

Measurements and calculations

All measurements, except postprandial blood collections, were com-
pleted at baseline and after 4 weeks. Participants were instructed not
to consume caffeine or alcohol, to refrain from noncustomary physi-
cal activity, and to maintain a regular sleep-wake schedule (8 h/
night) over the 72 h before assessments. Participants fasted over-
night. Height and weight were assessed while the participants were
standing straight, barefoot, and wearing light shorts, Body composi-
tion was assessed by dual-energy X-ray absorptiometry (Lunar Prod-
igy Advance DXA System, GE Lunar) in a subsample (75%; CT n
= 12; CVP n = 17; HOP n = 18) due to the equipment schedule
availability. A catheter was introduced into an antecubital vein and
blood samples were collected at fasting and at the 1st, 2nd, and 3rd
postprandial hour at baseline. Samples were centrifugated (2.200g,
15 min, 4°C), aliquoted. and stored at —80°C for further analysis.

Fasting and postprandial plasma TNF-« and IL-10 were analyzed by
multiplex bead-based Luminex™ xMAP technology (Luminex"™
200 and xPonent/Analyst software) using commercial assay kits
(Millipore’s MILLIPLEX MAP Human Cytokine Panel-CYTOMAG-
60k). Serum lipids, glucose, insulin, and high-sensitive C-reactive
protein were quantified in fasting serum by automated analyzer sys-
tems using commercial assay kits as described elsewhere (20). Serum
postprandial glucose and insulin were also analyzed at baseline. The
homeostasis model assessment of insulin resistance (HOMA-IR) was

calculated according to the equation proposed by Matthews et al.
(21). Insulin resistance was classified according to Ascaso et al. (22).

Statistical analysis

Using TL-10 and TNF-x as the primary outcomes, power analyses
calculated by the analyst procedures of the statistical analysis system
(SAS) package indicated that a sample of 21 per group would per-
mit detection of a 5% change of IL-10 and TNF-z with 99% power
at the 5% level of probability.

The positive incremental area under the curve (zAUC) of postpran-
dial concentrations of glucose, insulin, IL-10, and TNF-x was calcu-
lated wsing GraphPad Prism (Version 5; GraphPad software Inc).
This method eliminates possible differences in the fasting condition.
Statistics were also performed using SAS. The Shapiro-Wilk and
Levene tests were performed to test data for normality and homoge-
neity of variance, respectively. Accordingly, parametric or nonpara-
metric tests were performed. Results are presented as mean = SEM.
Body weight, dietary, and biochemical variables, including ;AUC
of postprandial concentrations of glucose, insulin, IL-10, and TNF-
o, as well as changes (A = Final - Baseline) in variables, were com-
pared between groups using one-way analyses of variance
(ANOVAs) followed by Tukey’s post hoc test or using Kruskal-
‘Wallis followed by Dunn’s post hoc test. Multivariate stepwise anal-
yses followed by Tukey-Kramer post hoc tests were used to assess
baseline-adjusted end-of-intervention between-group differences.
Two-way repeated-measures ANOVA (pyANOVA) was applied to
test the differences throughout the baseline test day for postprandial
biochemical variables with test meals and time as repeated factors.
Post hoc testing was performed using the Tukey-Kramer test. The
pairwise tests (paired r-test or the Wilcoxon) were performed to
compare habitual and fourth-week dietary intake and changes (A) in
all variables. Analysis of covariance was used to evaluate whether
changes in biochemical and inflammatory markers occurred inde-
pendently of changes in body composition.

Results

Participants and baseline characteristics

Seventy-six participants were randomly assigned to the trial. Seven
participants (9.2%) withdrew and 69 completed the study. Sixty-five
participants were included in final assessments (Figure 2). Data
from all participants that completed the study were included in base-
line analyses as well as in the baseline postprandial analyses of glu-
cose homeostasis and the inflammatory biomarkers.

Baseline weight did not differ between groups (P > (.05; Table 2).
Overall, mean participants’ BMI was 29.8 = 2.3 kg/m?, 59.4% (n =
41) were overweight, and 40.4% (n = 28) were obese.

Neither peanut group differed from the CT group on baseline bio-
markers but the HOP group participants had higher fasting insulin
concentrations compared to the CVP participants (Table 2). Seven
participants allocated in the HOP group (29.2%), two participants
(9.1%) in the CT group, and three (13.0%) in the CVP group were
insulin resistant (HOMA-IR > 3.5). Four participants in the CVP
and the CT groups, and six in the HOP group had fasting glucose
concentrations ranging from 100 to 125 mg/dL. Mean systolic and
diastolic blood pressures were 119.6 = 1.7 mm Hg and 72.4 = 1.6
mm Hg, respectively, and were not significantly different between
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Figure 2 Participants flowchart.

TABLE 2 Fasting characteristics of the participants according to the experimental group at baseline

CT (n = 22) CVP (n = 23) HOP (n = 24) P value
Age (years) 271 = 1.6 276 =15 272 =186 0.9433
Body weight (kg) 944 = 25 931 =20 948 = 21 0.8470
BMI (kg/m?) 29.7 = 0.6 295 = 04 30.1 £ 05 0.6813
Total body fat percentage (%)* 334 =09 311 =10 335 1.3 0.2314
Total fat mass (kg)* 329 =13 29314 3NB6=16 0.3462
Total lean mass percentage (%)* 629 = 09 651 = 1.0 629 £ 1.2 0.2859
Total lean mass (kg)* 614 = 09 606 = 1.0 587 = 1.2 0.7533
Glucose (mg/dL) 909 = 1.5 R2=x24 923 = 21 0.9623
Insulin (U/mL) 87 + 14® 8.2+ 1.0° 112 = 0.9° 0.0171
HOMAR 20=03 20+=03 26 +0.02 0.2221
Total cholesterol (mg/dL) 1841 =93 191.2 = 94 1835 =78 0.7881
VLDL-c (mg/dL) 233 x27 277530 285 = 3.0 0.5897
LDL-c (mg/dL) 120.4 = 8.1 1233 = 95 1118 +73 0.6043
HDL-c (mg/dL) 403 = 2.6 437 = 3.2 400 = 23 0.4151
Triglycerides (mg/dL) 116.7 = 10.7 160.0 = 26.1 153.3 = 185 0.4455
Total cholesterol:HDL-c 48 = 0.03 46 = 0.02 48 = 0.03 0.8783
LDL-c:HDL-¢ 3.1 =002 29 = 0.02 29 +0.02 0.6296
Creatinine (mg/dL) 0.91 = 0.03 0.91 = 0.04 0.94 + 0.03 0.7754
Uric acid (mg/dL) 5402 54 = 0.3 59 0.2 0.0680
hs-CRP (mg/dL) 14 =04 15202 1.7+ 0.3 0.3670
TNFe (pa/mL) 38 04 47 = 04 52+ 05 0.0863
IL10 (pg/mL) 2303 1.8 0.2 2202 0.0808

Values are mean * SEM. P value column refers to differences between groups IANCVA or Kruskal-Wallis test folowed by Tukey or Dunn’s test, respectively). Values with
different superscript letters are significantly different (P < 0.08). CT, control group; CVP, conventional peanut group; HOP, high-oleic peanut group; BMI, body mass index;
HOMAgR, homeostasis model assessment of insulin resistance; VLDL-c, very low-density lipoprotein; LDL-c, low-density lipoprotein; HDL-c, high-density lipoprotein; hs-
CRP, high sensitivity C-reactive protain; TNF-«, tumor necrosis factor-alfa; and IL-10, interleukin-10. "Subsample GT {7 = 12); CVP (n = 17); HOP (n = 18).
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Figure 3 Postprandial response of serum glucose (A) and insulin (B), and plasma tumor necrosis factor-alfa (TNF-z)
(G). and interleukin-10 (IL-10; D) during 3 h after test meal consumption, expressed as the positive incremental area
under the curve (AUC). Bars with different letters are significantly different (ANCOVA; P < 0.05). CT, control group,;
CVP, conventional peanuts group: and HOP, high-oleic peanuts group.

the groups. Habitual dietary intake was also similar between groups
(data not shown).

Postprandial inflammatory and glucose
homeostasis biomarkers

On the first day of assessments, plasma IL-10 and TNF-z and serum
glucose and insulin were measured at the first, second, and third
hours after test meal consumption (Figure 1). CT group showed
higher plasma responses for insulin, TL-10, and TNF-# than the pea-
nut groups (P < 0.0001), with higher glucose response compared to
HOP (P < 0.001; Figure 3). Furthermore, the CVP group response
was higher than the HOP group response for plasma glucose, insu-
lin, IL-10, and TNF-z (P < 0.0001; Figure 3). There was no signifi-
cant group, time, or group X time interaction for postprandial bio-
chemical parameters.

Changes after the 4-week intervention

Body weight and BMI were reduced in all groups (P < 0.05) with-
out differences between them (P > 0.05). However, although there
was no difference between groups (P > 0.05), the percentage of
changes in comparison to baseline values for body composition vari-
able differed. Total fat mass was significantly reduced in HOP
(—1.39 £ 029 kg; —5.16%) and in CVP (—1.02 * 0.33 kg
—3.69%), but not in CT (—0.78 = 032 kg; —2.18%). Total lean
mass was significantly reduced only in CT (—1.33 = 030 kg;
—2.14%), while in the CVP (—0.42 + 0.39 kg; —1.59%) and HOP
(—0.19 = 0.33 kg; —1.78%) groups, it did not change significantly.

Thus, in the CT group, only 37.1% of the total body weight loss
was in fat mass while in the CVP and HOP groups 69.9% and
86.3% of total weight loss was fat, respectively, (P < 0.05).

Changes in dietary intake after the intervention are summarized in
Table 3. There was no difference between groups for changes in
energy intake (P > 0.05). MUFA intake increased relative to the CT
group and the change was greater for the HOP group compared to
CVP group. The CT group reduced their cholesterol intake signifi-
cantly and the HOP group increased dietary fiber intake (P < 0.05).
There was no difference between groups in the changes after the
intervention, even afier adjustments for baseline values (Table 4).

Serum glucose increased in all groups after intervention, yet, this
increment was significant only in the CT group and the HOP group
(P < 0.05) without a significant difference between groups. Changes
in insulin and HOMA-IR were not significant. Plasma total choles-
terol was decreased significantly only in the CT group (P < 0.05),
while a significant reduction in very-low density lipoprotein
(VLDL) was observed only in the CVP group. All the groups
showed a significant decrement in high-density lipoprotein (HDL).
Triglyceride levels were significantly reduced in the CVP and HOP
groups. The CVP group was the only group that showed a signifi-
cant increase in low-density lipoprotein (LDL):HDL-c ratio. No sig-
nificant group differences were detected for hs-CRP. Conversely,
IL-10 increased significantly in all groups. The CT and CVP groups
had significant increments in TNF-z. Changes in biochemical bio-
markers were not affected by changes in body weight and composi-
tion (P > 0.05).
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TABLE 3 Changes in dietary intake (values at week 4 minus at baseline) of energy, macronutrients, cholesterol, and fiber
according to the experimental group

CT(n=22) CVP (n = 22) HOP (n = 21) P value
Total energy intake (kcal/day) —552 = 195 276 = 220 —-212 = 147 0.5379
Carbohydrates (g) —57.8 = 236 —585 = 290 —g51 =-13.2* 0.977
Proteins (g) —-16.5 = 9.1 —96 =93 —6.6 = 7.3 0.785
Total fat (q) —284 * 8.7* —04 =96 83 =14 0.0824
Saturated fat (g) -85 25" -1.0=x23 33 =40 0.097
MUFA (g) -10.8 = 2.7* 51+ 29 17.8 £ 50% <0.0001
PUFA (g) —-55 = 16" 0929 —19 =14 0.2125
Cholesterol (mg) —784 * 26.3° —945 = 338 —58.8 = 30.0 0.7679
Dietary fiber (g) 1.8 £ 25 24 = 33 89 = 20" 0.0670

Values are mean + SEM. P value column refer to differences between groups (ANOVA or Kruskal—Wallis test followed by Tukey or Dunn’s test, respectively). Values with
different superscript letters are significantly different (P < 0.05). *Significant difference between final and baseline assessment within group (P < 0.05; paired t-test or Wil
coxon test). CT, control group; CVP. conventional peanut group; HOP, high-olsic peanut group: MUFA, monounsaturated fatty acid; and PUFA, polyunsaturated fatty

acid.

Discussion

Although changes after the intervention were not significantly differ-
ent between groups, there was a significant increase in fasting glu-
cose in CT and HOP. However, this increment is not viewed as clin-
ically important, since mean glucose at the final assessment was
with the normal range. There were no differences between groups
for HOMA-IR at the final assessment nor in its delta, even after
adjustments for baseline values. The HOP group had higher values
of fasting insulin and HOMA-IR than the CVP group but these dif-
ferences did not remain after the intervention. The HOP group had a
nonsignificant decrement in insulin and in HOMA-IR, while the
other groups showed a nonsignificant increment, which is clinically
relevant. These findings suggest that high-oleic peanut intake may
have contributed to an improvement in insulin sensitivity. This is

consistent with findings of the lowest zAUC of postprandial serum
insulin and glucose in HOP. Besides, while in the HOP group a non-
significant decrement in insulin and in HOMA-IR was verified. the
other groups showed a nonsignificant increment, which is clinically
relevant. These findings were not related to changes in body compo-
sition, although adipose tissue is recognized as a highly active meta-
bolic and endocrine organ, which sends and responds to signals that
modulate appetite, energy metabolism, and insulin sensitivity (4,23).
Changes in body composition are probably related to the increased
fat oxidation noted after peanut consumption (24).

Prior work indicates that the acute intake of peanuts (raw, roasted,
and ground-roasted) does not alter glycemic responses compared to
a control meal (25). In the present study, the glucose and insulin

TABLE 4 Changes in fasting biochemical parameters after 4-week of dietary intervention (values at week 4 minus at baseline)

CT (n = 22) CVP (n = 22) HOP (n = 21) P value
Glucose (mg/dL) 4.00 = 1.79° 377 =228 576 = 1.61" 0.5389
Insulin (uU/mL) 0.74 = 149 0.49 = 0.70 —0.81 £ 0.78 0.2828
HOMAR 0.26 = 0.36 018 = 0.21 —0.02 £ 0.20 0.3189
Total cholesterol (mg/dL) —15.77 = 6.007 —3.00 = 6.76 —10.62 = 7.87 0.4185
VLDL-c (mg/dL) 1.03 =217 —384 =197 —4.87 £ 2.55 0.3068
LDL-c (mg/dL) —12.36 = 5.84 088 = 542 1.39 £ 7.14 0.2165
HDL-¢ (mg/dL) —3.86 = 125 —264 £ 1.69° =3.00 £ 1.29* 0.8432
Triglycerides (mg/dL) 19.05 = 17.47 —19.18 = 9.83" —24.33 = 1275 0.1945
Total Cholesterol:HDL-c 0.00 = 013 027 =013 0.07 = 0.20 0.4251
LDL-c:HDL-c —-0.06 =013 029 £ 0.14 0.31 £0.16 0.1491
Uric acid (mg/dL) —0.06 = 0.12 —020 = 0.11 —0.16 £ 0.12 0.7006
hs-CRP (mg/dL) 0.55 = 0.40 —-022 = 0.18 —0.05 = 0.24 0.2647
TNFa (pg/mL) 1.59 = 0.46" 214 £ 0.71" 0.69 £ 0.5 0.2261
IL10 (pg/mL) 355 = 2.09* 123 = 026" 0.88 = 0.27" 0.2915

Values are mean *+ SEM. P values refer to differences between groups (ANOVA or Kruskal—Wallis). There was no difference between groups even after adjustments for
baseline values (P > 0.05). *Significant difference between the final and baseline assessment within group (P < 0.05; paired t-test or Wilcaxon test). HOMAg, homeostasis
model assessment of insulin resistance; VLDL-c, very low-density ipoprotein; LDL-c, low-density lipoprotein; HDL-c, high-density lipoprotein; Hs-CRP, high sensitivity
C-reactive protein; TNF-2, tumor necrosis factor-alfa; and IL-10, intedeukin-10.
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responses after peanut intake, both conventional and high-oleic,
were significantly lower than after control biscuit intake. The basis
for this difference is unclear because the control biscuits were
matched to the peanuts for total fat and fiber content, yet it may be
related to the differences in nutrient bioaccessibility. In peanuts,
intracellular fat is encapsulated by cell walls, which are resistant to
enzymatic degradation in the gastrointestinal tract (26-28), while in
control biscuits lipids were not encased in a complex matrix. Thus,
in peanuts the amount of fat absorbed depends on the degree of
mastication and breakage of the cell walls, affecting the glucose and
insulin responses by reducing the gasiric emptying rate, meal diges-
tion and absorption rates (25). Besides, the higher polyphenol con-
tent of the peanuts may be an explanation as these compounds
reduce amylase activity and slow carbohydrate digestion (29).

The differences in the postprandial responses of glucose, insulin,
and TNF-x observed between control biscuits and peanuts can be
partially explained by the higher content of SFA in the biscuits
(22.1% of total fat). SFA can induce insulin and TNF-x release,
leading to insulin resistance and hyperglycemia (6,30,31). It is note-
worthy that the CVP has higher SFA content than the HOP (16.3%
vs. 13% of total fat), which may have contributed to the difference
in postprandial insulin and TNF-z response between the CVP and
HOP groups. Oleic fatty acid represents 51.0% of total fat in CVP
and 81.5% in HOP. It has been suggested that oleic acid is able to
reduce the inflammatory effects of SFAs by reducing cellular stearic
acid incorporation and nuclear factor-kappaB activation (32). More-
over, the oleic acid from peanut oil is able to reverse the inhibitory
effect of TNF-z in insulin production (10).

All the test meals increased the IL-10 postprandial concentration at
baseline, which in the long term and associated with weight loss,
contributed to a significantly increment in TL-10 fasting concentra-
tion. Indeed, changes in TL-10 and TNF-x corroborate the results
verified for postprandial measurements at baseline. Besides, all
groups had a significant weight loss and an increment in IL-10 (P
< 0.05), an anti-inflammatory mediator. Generally, a weight loss
greater than 5-10% is required to induce significant changes in
inflammatory biomarkers (3-5). In the present study, the mean
weight loss was only 1.8 £ 0.19% yet a significant increase was
observed in IL-10 relative to baseline. Although changes in hs-CRP
were not significant, they declined in the peanut groups while an
increase was noted in the CT group. The CT and CVP groups had a
significant increase in TNF-z. This was not observed in the HOP
group, who had the higher MUFA consumption. The high-oleic
content of HOP peanuts may have contributed to these findings,
since this fatty acid can moderate the inflammatory response
(10,32,33).

Regular nut consumption is frequently associated with lower risk for
CVD (34). Total blood cholesterol was decreased significantly only
in the CT group. This may be explained by the fact that the SFA (g)
and cholesterol (mg) intake were significantly reduced only in the
CT group. Alper and Mattes did not find a difference in blood total
cholesterol after conventional peanut intake (35). Lokko et al
reported a significant decrease in total cholesterol after regular
intake of CVP (36). O'Byrne et al. reported a significant decline
after daily intake of HOP though a reduction occurred in the control
group as well (15). Reductions of cholesterol were only observed in
several other studies among those individuals with elevated concen-
trations (16,37). Participants in the present study had nomal choles-

terol concentrations so may have been less responsive to the inclu-
sion of peanuts to their diet.

O’Byrne et al. reported a significant decrement in HDL-c¢ with daily
intake of HOP as well as in the control group (15). Likewise. in the
present study, all the groups showed a significant decline in HDL-c.
Conversely, authors of studies that included daily intake of CVP
reported significant increases in HDL< (16.38). An increment in
HDL-c was also reported in overweight participants after peanut oil
intake for 4 weeks (11). However, no difference in HDL-¢ was
observed after daily peanut intake in the study conducted by Lokko
et al. or by Alper and Mattes (35,36).

In the present study, no changes in LDL-c were found after the
intervention. Other studies also did not find significant changes in
this lipoprotein after peanut intake (11,16.35,36). As there was a sig-
nificant reduction in HDL< without changes in LDL-c, the CVP
group had a significant increase in LDL-c:HDL-¢ ratio. Conven-
tional peanut intake did not change the atherogenic index in other
studies (16,35.36). Triglyceride levels were significantly reduced in
the HOP and CVP groups, while in the CT group there was a non-
significant increment. Other studies also report a reduction in tri-
glycerides after CVP intake (16,35-37). One previous study reported
that daily HOP intake did not promote changes in triglycerides (15)

Conclusions

Acute peanut intake, specially the high-oleic variety, improves post-
prandial blood glucose, insulin, and TNF-x« concentration compared
to a control snack. Thus, HOP for human consumption must be bet-
ter explored. Whether chronic consumption of HOP will lead to a
reduction of CVD risk warrants further consideration. O
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4. CONSIDERACOESFINAIS

A literatura cientifica indica que as oleaginosas possuem efeito protetor ao
incremento ponderal mesmo sendo alimentos de elevada densidade caldrica. Entretanto,
foi verificada uma importante limitacdo nos estudos: as mudancas na composi¢ao
corporal apds a ingestdo de oleaginosas, frequentemente ndo ¢ avaliada ou descrita.
Deve-se destacar que tal avaliacdo ¢ relevante ja que o tecido adiposo contribui
substancialmente para o pool sanguineo das citocinas inflamatorias e¢ hormdnios
relacionados ao balanco energético. Ademais, sabe-se que as oleaginosas por serem
ricas em acidos graxos insaturados podem promover alteragdes na composicao corporal,
mesmo sem alterar significativamente o peso. E importante salientar, que os resultados
do presente estudo mostraram que apos a ingestdo, tanto do amendoim convencional
como do alto-oleico, houve melhoria na composi¢do corporal. Apenas os individuos que
ingeriram amendoim durante quatro semanas apresentaram reducdo significativa da
massa de gordura corporal, sendo que apenas o amendoim alto-oleico reduziu
significativamente o percentual de gordura em relacdo a massa corporal total. Outro
resultado importante ¢ que a ingestdo de amendoim, principalmente do alto-oleico,
contribuiu para uma perda de peso com preservacao da massa livre de gordura.

Considerando que a perda de peso ocorre quando hd um balango energético
negativo, estudos que avaliam o efeito da ingestdo de oleaginosas sobre o peso corporal
devem incluir mensuracdes do gasto energético e da ingestdo alimentar. A avalia¢ao da
ingestdo aguda de amendoim convencional e rico em 4cido graxo oleico indicou que os
individuos com sobrepeso e obesidade que ingeriram o amendoim alto-oleico ndo
apresentaram compensag¢ao calérica ao longo do dia do teste enquanto os individuos que
consumiram o amendoim convencional ou refeicdo controle apresentaram uma
compensagdo caldrica positiva. Por outro lado, a ingestdo de ambos os tipos de
amendoim contribuiu para um menor desejo de alimentar comparado & refei¢do
controle. Em relacdo ao gasto energético, a ingestdo aguda de amendoim alto-oleico foi
capaz de elevar a termogénese induzida pela dieta em propor¢do significativamente
maior do que o amendoim convencional. Tais resultados levam a hipotese de que o
amendoim alto-oleico pode apresentar melhor efeito sobre o controle do balango
energético em homens com sobrepeso e obesidade.

Ao avaliar o efeito da ingestdo diaria de amendoim sobre a termogénese

induzida pela dieta, ndo foi verificada diferenca estatistica entre os grupos,
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possivelmente devido a uma adaptacdo do organismo. Porém, a ingestdo didria de
amendoim contribuiu para a elevacao da oxidacdo de gordura corporal em jejum, sendo
que o amendoim alto-oleico ainda contribuiu para elevacao da oxida¢do de gordura no
periodo pos-prandial, enquanto o mesmo ndo foi verificado no grupo que consumia
amendoim convencional. Portanto, ¢ provavel que estas alteracdes tenham contribuido
para a melhoria na composi¢do corporal verificada entre aqueles com ingestdo diaria de
amendoim associada a restri¢ao calorica.

Ao revisar a literatura cientifica quanto aos efeitos das oleaginosas sobre
marcadores bioquimicos, verificou-se que no geral, as oleaginosas apresentam efeitos
favoraveis a reducdo do colesterol total, LDL-c, triacilglicerdis e dos indices
aterogénicos. Porém, embora haja uma tendéncia a melhoria do perfil lipidico sanguineo
apds a ingestdo de amendoim, os resultados dos diversos artigos ainda ndo sdo
unanimes. No presente estudo, em geral, a ingestdo de amendoim nao foi melhor que
uma dieta controle em melhorar o perfil lipidico sanguineo. Mas vale ressaltar que
apenas o0s grupos que ingeriram amendoim por quatro semanas reduziram
significativamente a concentracdo de triacilglicerois sanguineos. Ademais, apenas a
dieta controle e que incluia amendoim convencional elevaram significativamente o
marcador de inflamagao TNF-a, apds 4 semanas de intervencao. Possivelmente, este
resultado esta relacionado a maior resposta pos-prandial para TNF-a observada em tais
grupos, mas nio naquele com ingestdo do amendoim alto-oleico. E importante ressaltar
que o amendoim alto-oleico também contribuiu para menor resposta glicémica e
insulinémica poés-prandiais comparado a refeicdo controle ¢ com amendoim

convencional, fato este que pode estar relacionado aos resultados obtidos para o TNF-a.
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5. CONCLUSAO

A ingestdo aguda de amendoim promove melhorias na resposta pos-prandial da
glicemia, insulinemia e no TNF-a, comparado a ingestao de um lanche controle, sendo
o amendoim rico em 4cido graxo oleico mais efetivo na reducdo destes marcadores. A
ingestdo cronica de amendoim contribui para a melhoria do metabolismo energético e
na composi¢ao corporal, sendo estes beneficios mais evidentes com o amendoim rico
em acido graxo oleico. Porém, faz-se necessaria a realizacdo de novos estudos para
determinar se a ingestdo didria de amendoim rico em acido graxo oleico traz beneficios
adicionais em relagdo ao amendoim convencional. Assim, verifica-se que o amendoim

rico em acido graxo oléico deve ser mais bem explorado na alimenta¢do humana.
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6. APENDICES

Apéndice 1: Termo de consentimento livre e esclarecido

Universidade Federal de Vicosa
Centro de Ciéncias Biolégicas e da Saude
Departamento de Nutricdo e Saude

Py
Estou ciente de que:
1. Os procedimentos que serdo adotados na pesquisa “Efeitos do consumo de
amendoim na composi¢cdo corporal, metabolismo energético, apetite, marcadores de
inflamac&o e do estresse oxidativo e na microbiota e permeabilidade intestinal em
obesos” consistem em: aplicacdo de questionarios para obtencdo de dados pessoais,
ingestdo alimentar e nivel de atividade fisica; avaliacdes antropomeétricas (peso, altura,
circunferéncia da cintura/quadril e composicdo corporal); de medida da pressédo
arterial, de exames de sangue (por puncao digital e venosa) e de gasto energético;
coleta de urina e fezes. O estudo completo tera duracdo de 4 semanas consecutivas,
sendo que o voluntario seguira durante este periodo uma dieta hipocalérica e recebera
ou hdo uma porgdo de amendoim para ser consumida diariamente.
2. Como participante do estudo ndo serei submetido a nenhum tipo de intervencéo que
possa causar danos a minha saude, visto que as condutas a serem adotadas
objetivam a promoc&o da mesma e s&o respaldadas na literatura cientifica.
3. Estou ciente de que nédo terei nenhum tipo de vantagem econdmica ou material por
participar do estudo, além de poder abandonar a pesquisa em qualquer etapa do
desenvolvimento, sem qualquer prejuizo.
4. Estou em conformidade que meus resultados obtidos estardo disponiveis para a
agéncia financeira e para a equipe envolvida na pesquisa e poderdo ser publicados
com a finalidade de divulgacdo das informacdes cientificas obtidas, sempre
resguardando minha individualidade e identificacéo.

De posse de todas as informacdes necessarias, concordo em participar do projeto.

Data:___ [/ /
Voluntario
Prof? Rita de Cassia G. Alfenas Prof® Neuza Maria Brunoro Costa
Responsavel pelo projeto Responsavel pelo projeto
Ana Paula Boroni Moreira Raquel Duarte Moreira Alves
Doutoranda Doutoranda
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

1- Titulo do estudo

Efeitos do consumo de amendoim na composicdo corporal, metabolismo energético, apetite,
marcadores de inflamacdo e do estresse oxidativo e na microbiota e permeabilidade intestinal em
obesos

2- Objetivo do estudo

Avaliar os efeitos do consumo de amendoim convencional e do amendoim rico em acido graxo
oléico na composi¢do corporal, metabolismo energético, apetite, marcadores de inflamacdo e do
estresse oxidativo e na microbiota e permeabilidade intestinal em por meio de um estudo de
mtervengao nutricional, randomizado e controlado que se realizara com homens com obesidade grau L.

3- Local de execucio
O projeto serda desenvolvido no Laboratério de Metabolismo Energético e Composicio
Corporal (LAMECC) no Departamento de Nutricdo e Saude.

4- Nomes e niimero do telefone da equipe envolvida no projeto
Professores responsaveis: Rita de Cédssia Gongalves Alfenas — 31 38993740
Neuza Maria Brunoro Costa — 28 35528656
Josefina Bressan — 31 38992692
Doutorandas executoras: Raquel Duarte M. Alves — 31 91207685 / 31 38993388
Ana Paula Boroni Moreira — 31 91413020 / 38993388

5- Critérios de inclusio dos individuos

A populagao do estudo sera constituida por homens com idade entre 18 e 50 anos. com sobrepeso
e obesidade grau I (IMC entre 27 e 34,9 kg/m’), com circunferéncia do quadril = 90 cm, peso estavel
nos ultimos trés meses e que nao apresentem aversdo ou mntolerdncia a amendoim. Ainda, para serem
mcluidos no estudo, os voluntarios deverdo apresentar bom estado de saude, ou seja, auséncia de
doengas cronicas e agudas bem como glicemia, colesterolemia e trigliceridemia inferiores a 126, 240 e
150 mg/dL, respectivamente. Usuarios regulares de medicamentos, bebida alcodlica e cigarros nio
poderio ser incluidos na pesquisa.

6- Critérios de exclusio

Individuos que ndo atendam os critérios de inclusdo, e/ou que ndo concordem com os objetivos
do estudo. Serd excluido o voluntario que durante o estudo apresente algum efeito adverso que o
impeca de continuar.

7- Critérios de atendimento e assisténcia, assim como responsiveis
Nos casos em que se identifique madequacio do estado nutricional, uma orientagdo individual,
prescri¢ao de dieta e acompanhamento nutricional sera realizada pela equipe responsavel.

8- Descricdo do estudo

Neste estudo clinico cego-simples controlado, parte dos voluntarios deverdo consumir, durante 4
semanas, 56g de amendoim. outra parte ndo recebera alimento algum. A todos os voluntarios sera
prescrita uma dieta hipocaldrica e sera solicitado mantenham o padriao de atividade fisica durante a
mterven¢io. Dados de antropometria, composi¢io corporal, gasto energético, ingestdo alimentar, além
de amostras de sangue e urina, serdo coletados ao inicio e ao final da intervencéo.

9- Beneficios para os individuos

Todos os voluntarios incluidos ou néo no estudo terdo seu estado nutricional avaliado e receberdo
um plano alimentar individualizado, visando a redugéo de peso. Além disso. os participantes do estudo
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terdo acesso aos seus dados de avaliagdo antropomeétrica, composi¢do corporal e bioquimicos. Caso
necessario, ao final do estudo, todos os voluntirios receberdio um novo plano alimentar
individualizado. visando a reducédo de peso e adequacio dos dados bioquimicos que se apresentarem
fora dos niveis de normalidade.

10- Riscos para os individuos

Nio existem riscos para a satude dos participantes. pois os procedimentos invasivos serdo
realizados por pessoas treinadas. A coleta de sangue serd realizada por um técnico em enfermagem,
utilizando apenas materiais descartaveis, sendo possivel uma sensagdo incémoda ou dolorida na hora
de colocar a agulha e formacao de hematomas no local da entrada da agulha, algumas horas apés o
teste. Este técnico serd orientado a ser o mais preciso possivel para evitar estes mcomodos aos
participantes do estudo. O uso da bioimpedancia elétrica e do DEXA para avaliacdo da composi¢cdo
corporal e do Deltatrac para avaliagdo de gasto energético ndo envolvem riscos. Os alimentos
fornecidos no estudo serdo elaborados com matéria prima de boa procedéncia e qualidade. E ainda,
visando preservar a saude dos voluntarios, o amendoim fornecido tera niveis aceitaveis de aflatoxina
assegurado por testes realizados por uma institui¢do credenciada a Agéncia Nacional de Vigilancia
Sanitaria — ANVISA.

11- Direito dos individuos de recusar-se a participar ou retirar-se do estudo
Todos os participantes terdo total liberdade de recusar-se a participar ou retirar-se em qualquer
momento do estudo, sem nenhuma penalizacdo ou constrangimento

12- Direito dos individuos a privacidade

A aplicacdo dos questionarios, coleta de dados secundarios e a afericdo das medidas
antropomeétricas seguidas da andlise e a divulgacdo dos resultados serdo realizadas assegurando-se a
privacidade dos participantes.

13- Publicacio de informacdes
Os dados obtidos estardo disponiveis no Laboratério onde foi realizado o estudo e o voluntario
tera acesso a partir de consulta a equipe envolvida na pesquisa. Na publicacdo destes dados serdo
mantidos os direitos assegurados no item 12.
14- Informacio financeira
Nao havera nenhuma forma de contrato de trabalho ou remuneragio para com os participantes
envolvidos.

15- Dano a satde

A metodologia aplicada ndo acarreta nenhum dano a saide dos participantes. A equipe de
trabalho néo se responsabiliza por informacdes nido prestadas pelo avaliado, que possam interferir na
sua saude.

Todos os pontos levantados neste Termo de Consentimento foram discutidos comigo e todas as
minhas davidas foram esclarecidas. De posse de todas as informacdes necessarias, concordo em
participar do projeto.

Data: / /
Voluntdrio

Profa.Neuza Maria Brunoro Costa Profa. Rita de Cdssia G. Alfenas
(Responsavel pelo projeto) (Responsavel pelo projeto)
Ragquel Duarte Moreira Alves Ana Paula Boroni Moreira
(Doutoranda) (Doutoranda) —
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Apéndice 2: Aprovagao do comité de ética em pesquisa com seres humanos

MINISTERIO DA EDUCACAO

UNIVERSIDADE FEDERAL DE VICOSA

£  coMITE DE ETICA EM PESQUISA COM SERES HUMANOS
Campus Universitdrio - Vigosa, MG - 36570-000 - Telefone; (31) 3899-1269

Of Ref N° 185/2011/Comité de Etica

Vigosa, 16 de dezembro de 2011.

Prezada Professora:

Cientificamos V. S, de que o Comité de Ftica em Pesquisa com
Seres Humanos, em sua 9° Reunido de 2011, realizada nesta data, analisou e
aprovou, sob o aspecto ético, o projeto intitulado Efeitos do consumo de
amendoim na composigdo corporal, metabolismo energético, apetite,
marcadores de inflamagdo e do estresse oxidativo e na microbiota e
permeabilidade intestinal em obesos.

Atenciosamente,

0 / X / i .
I . | \
pﬁk}ﬁm&ﬁmﬁwmﬂ ‘

Comité de Etica em Pesquisa com Seres Humanos
Presidente

A Professora
Rita de Cassia Gongalves Alfenas
Departamento de Nutrigio e Saude

/rhs.
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Apéndice 3:Questionario de Selegido

QUESTIONARIO DE SELECAO

Nome: Data: /

Rec: Proj:

Data de nascimento: Idade:

Endereco:

Telefone Casa: Trabalho: Cel:

E-mail:

Escolaridade:

Ocupacao:

Vocé ou seus familiares ja apresentaram ou apresentam algumas destas doencas:

Estado Atual

Nunca | Data diagnéstico | Pouco controlado | Bem controlado

Curado

Doenga cardiovascular

Diabetes

Hipoglicemia

Hipertensdo arterial

Cancer

Anorexia/Bulimia

Doencas psiquiatricas

Anemia

Osteoporose

Tireoidopatias

Doenca renal

Doenca celiaca

Doenca intestinal
cronica

Outras doencas *

*Especifique:

Vocé faz uso de algum medicamento? ( ) Niao () Sim

Quais:

Vocé tem alguma alergia a medicamentos, alimentos ou outras substincias, ou alguém de sua familia ja

apresentou algum tipo de alergia? () Nao ( )Sim

Se sim, quais:

Sintomas:
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Vocé fuma ou usa outro tipo de fumo, se sim qual freqiiéncia? () Néo ( ) Sim

Quais:

Vocé pratica atividades fisicas regulares?

( )Nao () Sim Quais:

Vocé consome bebida alcodlica? Se sim, qual tipo e com que freqiiéncia? ( )Ndo () Sun

Bebida Quantidade Frequéncia g dlcool
Cerveja
Cachaca
Caipirinha
Run/Vodka
Ice

Vintho
Whisky
Catuaba
Licor

Vocé tem alguma aversdo, intolerancia ou alergia alimentar? Favor excluir da resposta alimentos que vocé
apenas nio gosta. () Nao ( )Sim

Quais e smtomas:

Quais os alimentos que vocé ndo gosta ou ndo mgere por motivos religiosos/filosoficos?

Quais os alimentos que vocé mais gosta?

Indique as horas do dia em que vocé consome refei¢des e lanches. Coloque a letra R para refeicdes e L para
lanches sob cada hora do dia.

manhi e inicio da tarde

1 2 3 4 5 6 7 8 9 10 11 12

tarde e noite
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Vocé perdeu ou ganhou mais do que 3Kg nos tltimos 6 meses?

() Perdeu Kg (

) Ganhou Kg

Qual o maior peso que vocé ja teve e com que idade? Peso:

Qual o menor peso que vocé ja teve e com que idade? Peso:

Vocé utiliza alguma forma de suplemento alimentar? (ex:

( )Nao

() Sim. Se sim, liste abaixo:

) Nio () Sum

Idade:
Idade:

vitaminas, minerais, proteinas

Marea do produto

Tipo de suplemento

Dosagem

Freqiiéncia de uso

Uma variagio de 3 kg afetaria o modo como vocé vive hoje?

() Nada (

) Um pouco (

) Moderadamente

( ) Muito

Antropometria, PA, Bioquimicos | BIA

TANITA

Estatura Gordura (%) Gordura (%)
Peso Gordura (kg) TMB (kcal/dia)
IMC MM (kg) Resisténcia

CC (ponto médio) TMB (kcal/dia) Gordura (kg)
CC (Cicatriz) Agua (L) MM (kg)

CC (menor curva)

Agua (% peso)

Agua (ke)

CC (sobre crista)

Agua (% MM)

cQ

Resisténcia

C. Coxa

C. Pescoco

DAS ponto médio

DAS cicatriz

DAS menor curva

DAS sobre crista

Pressdo Arterial

Colesterol

Triglicerideo

Glicose
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Apéndice 4: Lista de substituigdo de alimentos

Universidade Federal de Vigosa f .
Centro de Ciéncias Bioldgicas e da Sadde Ny DI
Departamento de Nutricio e Sadde ‘-’I . W
Programa de Pds—Graduacdo em Ciéncia da Mutricdo : (‘_;__ L
LISTA SUB STlTU'Cﬁ;U ALIMENTOS
Esta lista & dividids am grupos zlimentares. Os alimentos de um mesmo grupo alimentar Ch =cheis Cri = eaiher
Ft=fatia PO = pﬂtﬂt‘

apresentam valor nutricional semelhante quando ingeridos nas quantidades indicadas. Utilize esta
lista para substituir os alimentos tornando assim a sua alimenta;3o mais equilibrada e varizda. W = nakdia

Und = unidade P = peguena
& = grande

GRUPO DOS VEGETAIS uma porgao fornece 15 kecal e corresponde a:

Abdbora cozida (53 g) — 1 ¥ colh sopa
Abobrinha cozida (B1g) — 3 colh sopa

Abobrinha/Moranga refogada (15 g) — 1 colh sopa rasa

Acelga crua (90 g — 9 colh sopa

Agrido (130 g) — 22 ramos

Aipocru (80 g) — 2 und

Alcachofra cozida (35 g) — % und

Alface (120 g) — 15 folhas

Almeirdo (65 g)— 5 folhas

Aspargo em conserva (80 g) — 8 und
Berinjela cozida (60 g} — 2 colh sopa
Bertalha refogada (25 g) — 1 colh sopa
Beterraba cozida (30 g) — 3 Ft

Beterraba crua ralada (42 g) - 2 colh sopa
Brocolis cozido (60 g) — 4 % colh sopa
Broto alfafa cru (50 gh—1 ¥ xicara cha
Broto feijdo cozido (81 g) — 1 ¥ colh servir

Cenoura cozida/crua (36 g] — 1 colh servir = 3 colh sopa

Chicoria crua (68 g) — 4 folhas G

Chuchu cozido (57 g) — 2 ¥ colh sopa

Couve crua (30 g) — 1 % folha M

Couve/Almeirdo Refogado (17 g) — 2 colh sopa rasa

Couve—flor cozida (69 g) — 3 ramos
Ervilna em conserva (13 g) — 1 colh sopa
Ervilha fresca (20 g) — 1 ¥ colh sopa
Ervilha em vagem (11 g) — 2 und
Escarola (83 g} — 15 folhas

Espinafre Refogado (15 g) — 1 colh sopa
lilé cozido (40 g) — 1 ¥ colh sopa

Maxixe cozido (120 g] — 3 colh sopa
Mostarda (83 g) — 8 folhas

Palmito em conserva (100 g) — 2 und G
Pepino picado {116 g) — 4 colh sopa
Pimentdo cru Fatiado (70 g) — 10 Ft = 3 colh sopa
Quiabo cozido (80 g) — 2 colh sopa
Rabanete (102 g) — 3 und

Repolho cru (72 g) — & colh sopa
Repolho cozido (75 g)— 5 colh sopa
Repolho Refogado (24 g) — 2 colh sopa rasa
Rdcula (83 g) — 15 folhas

Salsdo cru (38 g) — 2 colh sopa

Tomate cereja (70 g) — 7 und

Tomate comum (20 g) — 4 Ft grandes
Vagem cozida (44 g) — 2 colh sopa

GRUPO DAS FRUTAS uma porcio fornece 70 kcal & corresponde a;

Abacate (32 g) — 1 colh sopa
Abacaxi (130 g)—1Ft
Acerpola (224 g) —32 und P
Ameia (123 g} -1 und G

Fruta do conde (75 g) — ¥ und
Golaba (95 g) — % und

Golaba (130g)-1und P
Graviola (114g) - 1und G
Ameixa—preta seca (30g)—3und  Jabuticaba (140 g) — 20 und

Maracuja (102 g) —1und G
Melancia (296 g) -2 ft M
Meldo (230g) -2 FtM
Morango (240 g) — 10 und P
Mectarina (184 g} —2 und M

Ameixa—vermelha {140 g) — 4 und
Banana {86 g)— 1 und M

Caju (147 g) - 2 % und M

Caqui (113 gl —1und M
Carambola (220 g)— 2 und

Cerefa (26 g) — 24 und P

Damasco seco (30 g)— 4 und M
Figo (169 g) -2 % und G

Jaca (132 g) — 4 bagos

Kiwi [154g)—2 und P

Laranja (127 g) - 1 und = 8 gomos
Limdo (252 g) — 4 und M

Macd (130g)—1und P

Mamao formosa (160 g)— 1 Ft
Mam3ao papaia (142 g)— % und M
Manga (110 g} — 1 und M
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Péra(133g)—1und M

Péssego (226 g) — 2 und P

Tangerina/mexerica (148 g} — 1 und M

Uva rosada (99 g) — 22 und P

Unva itdlia / rubi (99 g) — 8 und M

Uva passa (17 g) — 1 colh sopa

Salada de frutas (banana, maci, laranja,
mamao) {125 g) — ¥ xicara cha



GRUPO DAS FRUTAS uma porcao fornece 70 kcal e corresponde a:

Polpas: Abacaxi(229g)—2 und
Acai (121 g) -1 und
Acerola (319 g)— 3 und
Caju (191 g) — 2 und
Cupuacu (143 g)—1% und
Graviola (183 g) —1 % und
Manga (145 g)— 1 * und
Maracuja (181 g) — 1 % und
Pitanga (366 g) — 3 % und

Sucos:

Abacaxi (125 ml) — % copo requeijao

Caju concentrada (155 ml) — % copo regueijao
Laranja (191 ml) — 3 copo requeijdo

Limdo (315 ml) — 1 % copo requeijdo

Maracuja concentrado (167 ml) — ¥ copo requeijdo
Meldo (170 ml) — % copo requeijdo

Tangerina (164 ml) — ¥ copo requeijdo

Uva (100 ml) — % copo regueijao

Uva concentrado (121 ml) — % copo requeijdo

OBS: As porgoes de frutas em polpaysuco ndo incluem agucar de adigio

GRUPO DOS PAES uma porgao fornece 150 kcal e corresponde a:

Biscoitos:

Amanteigado/Aveia e Mel (24 g) -6 und
Casadinhao/goiabinha (33 g)-8und P
Champagne (40 g)— 5 und

Crocktel (33 g) — 7 und

Leite (33 g} — S5 und

Polvilho/Papa Ovo (34 g) — 12 und (rosca)
Em barra Maxi—Baudducco (50 g) — 1 % barra
Gula / Cheetos / fandangos (33 g) — % Pct (66 g)
Palite de chocolate (36 g) — 8 und
Pimentinha (50 g) -1 Pct

Piragqué Presuntinho (30 g) — 65 und

Pit Stop/Minuto/Club social (32 g) — 1 ¥ Pct indiv
Recheado (34 g) - 2 und

Rosguinha (nata/coco/fleite) (3% g) — 4 und
Sequilhos (35 g) — 4 und

Cookies (30 g)— 6 und

Waffer (30 g) — 3 und

Cream cracker/@gua e sal (33 g) — 5 und
Cream cracker com gergelim (33 g) —4 und
Maizena/Mania (35 g) — 7 und

Arroz (Bdg)—1und G

Bolos:

Com cobertura (40 g)—-1FtP
Sem cobertura (50g)—-1FtP
Cenoura (30g)—1ftP

Paes:

Pdo batata/cebola/cenoura/mandioca/milho (45 g)— 1 und M

Pdo francés/doce liso (50 g) — 1 und
Pdo hot dog (75 g)— 1% und

Pdo sirio (50 g) — 1 und

Pdo sovado (4B g) -2 FtP

Pdozinho caseiro (55 g) — % und

Pdo de forma : tradicional (43 g) — 2 Ft
Integral/centeio/soja/aveia/milho (80 g) — 2 Ft

Rosca doce/salgada simples (530g)—-2Ft P
Torrada (pao francés) (33 g) -6 Ft
Torrada salgada (40 g) — 4 und

Diversos:

Aveia em flocos/granola (40 g) — 3 colh sopa
Barrinha de cereal (20 g) — 1 ou 2 und [ver rotulo)
Cereal matinal (43 g) — 1 xicara cha

Farinha de aveia (36 g) — 2 colh sopa

Panetone (55 g)—1Ft G

Pipoca com sal (23 g) — 2 % xicara cha

GRUPO DO FEJAD uma porgao fornece 55 kcal e corresponde a:

Ervilna em vagem cozida (62 g) — 1 colh servir ch
Ervilha enlatada (74 g) — 2 colh servir ch

Ervilna seca cozida (73 g)— 2 % colh sopa

Feijdo branco cozido (48 g) — 1 % colher sopa
Feijdo cozido (50% de caldo) (86 g) — 1 concha M

Feijdo cozido (graos) (50 g) — 2 colh sopa=1colh servir
Feijdo tropeiro mineiro (36 g) — 1 % colh sopa

Grao de bico cozido (36 g) — 1 % colh sopa

Lentilha cozida (48 g) — 2 colh sopa

Sojacozida (43 g) — 1 colh servir
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GRUPO DO ARROZ uma porcao fornece 150 kcal e corresponde a:

Arroz branco / integral cozido (125 g) — 4 Colh sopa = 2

colh servir = 1 escumadeira

Farofa de farinha de mandicca / temperada (37 g) -

Batata baroa cozida (187 g) — 4 1/2 Colh sopa ch (picada) % Colh servir/2 Colh sopa

ou 2 fatias G

Batata doce cozida (150 g) — 3 ¥ Colh servir
Batata doce cozida (150 g) — 3 ¥ Colh servir
Batata doce frita (40 g) — 1 pedago M

Batata frita (chips) (28 g) — 15 unidades

Batata frita (palha) (25 g) — 1 xic cha / 6 colh sopa
Batata frita (palito) (58 g) — 1 173 Colh servir
Batata corada picada (20 g) — 1 colher servir
Batata cozida (175 g) — 1 ¥ unidade M = 3 colh servir
Batata sautes (130 g) — 2 % Colh servir

Puré de batata (135 g) — 2 Colh servir

Cara cozido/ amassado (126 g) — 3 % Colh sopa
Inhame cozido/ amassado (126 g) — 3 % Colh sopa
Puré de inhame (135 g)— 3 Colh servir

Mandioca cozida (96 g) — 1 Colh servir

Farinha de milho (48 g) — 4 Colh sopa

Milho verde em conserva (142 g) — 7 Colh sopa

Milho verde em espiga (100 g) — 1 espiga G

Pamonha (100 g) — 1 unidade

Angu/Polenta (105 g) — 3 Colh sopa,/2 pedago M

Polenta frita (80 g) — 2 fatias

Cuscuz de milho cozide (132 g) —1 pedago M

Pirdo (120 g) — 3 Colh servir ch

Tabule ({261 g} — 13 Colh sopa/4 % Colh servir

Macarrao cozido (105 g) — 3 % Colh sopa

Macamrdo instanténeo tipo "micjo" (34 g) — % pct

Nhogue de batata cozido sem molho (83 g) -1 %
escumadeira M rasa/4 Colh sopa rasas

Salada tipo maionese de legumes (156 g) -2 %
escumadeira M rasa/4 Colh sopa ch

Mandioca Frita (30 g) — 1 pedago M/ 1 escumadeira rasa  Acarajé (52 g) — % unidade M

GRUPO DOS ACI:IEAFIES uma porcaoe fornece 110 kcal e corresponde a:

Achocolatado em po (27 g) — 2 colh sopa ch
Acucar (28 g)— 1 colh sopa

Bananada (40 g} — 1 und M

Bolo tipo brownie (35g) -1 FtP

Bolo Tipo pettit gateu (35 g) —1 Ft P =% und
Bombom (22 g} — 1 und

Brigadeiro (30 g) — 1 und G = 1 colh sobremesa
Capuccino em pd (26 g) — 2 colh sopa ch
Chocolate ao leite (baton) (20 g) — 1 und
Chocolate Bis (24 g) — 3 und

Cocada branca (25 g)—1und P

Doce de abobora cremoso (55 g) — 1 colh sopa ch
Doce de leite cremoso (40 g) — 1 colh sopa

Doce de mamdo (80 g) — 2 colh sopa ch

Geléia frutas (34 g) — 1 colh sopa

Geléia mocotd natural (104 g) — 2 % caolh sopa ch
Goiabada em pasta (45 g) - Ft

Torta frutas/prestigioffloresta negra (67 g) — 1
pedago M = 2 colh sopa

Leite condensado (35 g) — 2 colh sopa

Marmelada (43 g)— 1 pedaco P

Mel (38 g) — 2 % colh sopa

Melado (32 g) — 2 colh sopa

Mousse chocolate/frutas (36 g) — 2 colh sobremesa ch
Pavé diversos sabores (61 g) — 2 colh sopa

Péssepgo em calda enlatado (175 g) — 1 % und

Picolé cremoso (65 g) — 1 und

Picolé de frutas (65 g) — 1 % und

Quindim (27 g)—1und P

Rapadura (31 g) — 1 pedaco P

Rocambole (40 g)—1Ft M

Sobremesa tipo danette (73 g) — % und

Sorvete chocolate/creme (SE gl —1bola P

Sorvete fruta (72 gl—1bola M

Suspiro (18 g) —9 und

Gelatina preparada (164 g) — 7 colh sopa

Torta doce (limao/ftrufada/chocolate) (21g)-1FtP=1%
colh sopa

GRUPO DOS OLEOS E GORDURAS uma porgio fornece 73 kcal e corresponde a:

Azeitona preta conserva (37,6g)— 13 und M
Azeitona verde conserva (53,3 g) — 13 und M
Azeite de dendé (9,2 g) — % colh sopa

Azeite de oliva (7,6 g) — 1 colh sopa

Oleo vegetal / Azeite (B g) — 1 colh sopa
Chantilly (23,2 g) — 1 colh sobremesa ch

Creme de Leite (33 g) — 2 colh sopa rasas
Paté (30 g) — 1 % colh sopa ch

Maioness (24,2 g) — 1 colh sopa ch
Manteiga / Margarina (9,8 g) — % colh sopa
Bacon (gordura) (7,.5g)-% Ft

Toucinho frito (10,5 g) -2 und P
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GRUPO DAS CARNES uma porgao fornece 190 kcal e corresponde a:

Peixes e frutos do mar:

Atum enlatado (90 g) — 2 colh de sopa
Bacalhoada (75 g) — 2 colh servir

Bacalhau cozido (135 g) — 1 pedago M = 9 colh sopa
Peixe filé assado (1602)— 1 % und M

Peixe filé cozido (209 g)— 2 und P

Peixe filé grelhado (147 g) —1 und G

Peixe filé Frito (100g)—1 und P

Cacdao em posta (164 g) — 1 posta P
Camardo cozido (211 g)— 7 und G
Camarao frito (82 g) — 4 colh sopa ch
Sardinha em conserva (B3 g) — 2 und M
Sardinha frita (74 g) — 3 und M

Sashimi de Salmao (217 g)— 22 und P
Sashimi de Atum (205 g)—-21und P
Sashimi de peixe branco (169 g) — 17 und P

Carne suina:

Lombo assado (B0 gl —1FLP

Costela cozida/assada (45 g) — 3 und P

Pernil assado (72g)-1ftP

Carne de feijoada (110 g) — 1 concha M rasa = 2 colh
Servir rasa

Carne bovina:

Almdndega frita (70 g) — 2 und M
Assada (patinho) (75 g)—-1Ft M

Bife de figado frito (100 g) — 1 und M
Bife enrolado (110 g)— 1 und M

Bife grelhado / lagarto (75 g) — 1 bife P
Carne seca (40 g) — 2 pedagos P

Costela assada (40 g) — 1 pedaco P
Cozida (B0 g) — 4 pedacos P

Dobradinha (153 g) — 3 % colh servir rasa
Espetinho de carne (92 g) — 2 und
Estrogonofe de carne (110 g) — 4 ¥ de sopa ch
Moida refogada (90 g) — 5 colh sopa
Vaca atolada (131 g) — 3 colh s2rvir rasas

Carne de frango:

Assado inteire (100 g) — 1 pedaco de peito =1 coxa G
=1 sobrecoxa

Coxa com pele assadafcozida (88 g) — 2 und M

Coxa sem pele assada/cozida (113 g)— 3 und M

Filé @ milanesa (80 g) — 1 und P

Filé grelhado (100 g) — 1 und M

Peito sem pele assado/cozido (90 g) — % und

Sobrecoxa com pele assadaf/cozida (73 g)—2 und P

Sobrecoxa sem pele assada/cozida (82 g)— 3 und P

Estrogonofe de frango (121 g) — 5 colh sopa ch

Nugguets (20 g) — 4 und

Steak de frango empanado (70 g) — % und

Espetinho de frango Empanado (150 g) — % und

Ovo de galinha:

Cozido (90 g) — 2 und

Frite (79 g)— 1 % und

Clara cozida (320 g) — 11 und

Gema cozida (54 g) — 3 % und

Omelete de queijo (71 g) — 1 und P (1 ovo)

Embutidos:

Apresuntado (147 g) - 10 Ft

Blanguet de peru (150 g)— 10 Ft
Hambirguer grelhado (30 g) - 1 e % und
Linguiga (50 g) — 1 gomo/3 pedagos G (fina)
Peito de Peru defumado/Chester (172 g) — 10 Ft
Peito de Peru defumado light (211 g) — 12 Ft
Presunito com capa de gordura (122 g) -8 Ft
Presunto sem capa de gordura (205 g) - 14 Ft
Presunto de peru (122 g)—8 Ft
Salame/mortadela (F0g)—3 % Ft M

Salame italiano (salaminho) (62 g) — 12 % Ft
Salsicha (60 g)— 1 % und

GRUPO DO LEITE E DERIVADOS uma porcao fornece 120 kcal e comresponde a:

Bebidas:

Bebida lactea (218 g) — 1 copo regueijdo

Coalhada (100 g) — % copo requeijdo

logurte integral natural (200 g) — 3 copo requeijdo
logurte desnatado de frutas (140 g) — 1 pote

logurte desnatado natural (200 g) — % copo requeijdo

logurte Vigosa (120 g) — 1 pacotinho
Leite de cabra integral (182 ml) — % copo requeijdo
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Leite semi~desnatado (182 ml) — % copo regueijgo
Leite desnatado (400 ml) — 1 ¥ copo requeijdo
Leite integral (182 ml) — ¥ copo requeijao

Leite em po desnatado (30 g) — 2 colh sopa

Leite em po integral (30 g) — 2 colh sopa

Leite fermentado (172 ml) — 2 und [yakult)

Vitamina de leite com frutas (171 g) — % copo requeijo



GRUPO DO LEITE E DERIVADOS uma porcdo fornece 120 kcal e corresponde a:
Queijos:

Queijo cheddar (44g) -2 Ft

Cueijo cottage (126 g) — 3 colh sopa ch
Queijo porgonzola (20 g} — 1% FtP

Queijo prato (40 g]— 2 Ft

Queijo provoelone (35 g) -1 Ft

Queijo tipe minas frescal (40g) -1t G
Queijo tipo minas frescal Light (37 g) —2FtP
Queijo tipo minas meia cura (50 gl -1 % Ft
Queijo tipo mussarela (30 g) — 2 Ft

Cueijo tipo mussarela Light (45 g) — 3 Ft

Cueijo tipo parmesao ralado {30 g) — 3 colh sopa
Cueijo tipo polenguinho (40 g} — 2 und

Cueijo petit suisse - danoninho (100 g) —1 % und
Quigijo tipo ricota (100 g) -2 Ft M

Creme de ricota (86 g) — 2 colh sopa

Cream Cheese (44 g) — 1 % colh sopa

Requeijao cremoso (45 g] — 1 % colher sopa
Requeijao cremoso light (66 g) — 2 colh sopa

ALIMENTOS MISTOS - substitutos de 2 ou mais grupos, na maioria das vezes contém alto teor de gordura.

Comida Japonesa: Sushi média peixes (140 gl — 4 und Forcoes: 1 de amroz/pao + % de carne = 190 kcal

Maki (242 g] —8 und Porgoes: 1 de amroz/péo + % de carne = 170 kecal

Uramaki (202 g) — € und Forgoes: 1 de arroz/pado + % de carne = 170 kcal

Salgadinhos, Sanduiche e Pizza:

Coxinha de Frango (83 g) —3 und festa=2/3 und G Porcoes: 1 de arroz/pdo + % de carmne = 230 keal

Croissant de Presunto (66 g] — 4 und festa=1 und G Porgbes: 1 de amoz/péo + % de carne = 255 keal

Croquete de peixe {123 g) — 5 und festa=1 und G Porgoes: 1de arroz/pdo + 1 de carne = 215 kcal

Empadinha de frango [181 g}- 9 und festa=2 und M Porgoes: 1 de arroz/pdo + % de camne = 340 kecal

Enroladinho de Bacon e Ameixa (45 g) — 3 und festa Porgdes: 1 de arroz/pdo + % de came =240 kcal

Esfirra de Grnefﬁargn (£8 g] — 5 und festa=1 und G Porgoes: 1 de arroz/pao + % de carne = 260 kcal

Pastel de Angu (133 g] —5 und festa=2 und M Porgoes: 1 de arroz/pao + % de carne = 170 keal

Pastel de camardo (82 g] —4 und festa=1 und G Forgoes: 1 de amroz/pdo + % de came = 230 kcal

Pastel de frange e guarand (126 g) 8 und festa=1 %4 und G Porgoes: 1 de amoz/pdc + 1 de carme = 315 keal

Quibe recheado de came (120 g] — 4 und festa=1 % und G Porges: 1 de amoz/pdo + ¥ de came = 235 keal

Risode de carme (97 g) — 3 und festa=1 ¥ und G Porgoes: 1 de arroz/pdo + % de carmne = 250 kecal

Pastel de ricota (77g) — 5 wnd festa=1 und G Porgoes: 1 de ammoz/pao + % de leite = 236 keal

Croissant de Mussarela (69 g) — 4 und festa=1 und G Forgoes: 1 de amroz/pdo + 3 de leite = 241 keal

Pastel de milho (80 g) —4 und festa=1 wnd G Porgoes: 1 de arroz/pao + 4 de leite = 223 keal

Pdo Quatro Queijos (85g)—%und G Forgoes: 1 de armoz/pac + 1 de leite = 251 kcal

Fao de Queijo (72 g] — 3 und festa=1 und G Porgoes: 1 de arroz/pao + % de leite = 208 kcal

Pio de Queijo recheado ¢f queijo (78 g] — 3 und festa=lund G Porgdes: 1 de amoz/pdo + 3 de leite = 227 keal

Po de Queijo recheado of frange (91 g] -4 und festa=lund G Porgbes: 1 de amoz/pao+ ¥ de leite+ % de came= 120 kaal

P30 de Queijo Recheado Pizza (138 g) — 5 und festa=1 und G Porgies: 1 de arroz/pio+ 1 % de leite+ 34 de came=252kcal

Pizza de Calabresa (115 g} — 1 % pedago M Forgoes: 1 de arroz/pao+ % de leite+ ¥ de carne=311 kcal

Fizza de frango (122 g] — 1 % pedago M Porgoes: 1 de armoz/paot ¥ de leite+ ¥ de carne=281 kcal

Pizza de mussarela e presunto (120 ) — 1% pedago M Forgoes: 1 de armoz/pao+ ¥ de leite+ % de carne=271 kcal

Sanduiche tipe Frido (110 g] — 2 und festa=1 und G Porgoes: 1 de arroz/paot % de leite+ % de came=255 kcal

Sanduiche natural (148 g) — 1 und Porgdes: 1 de amroz/pao+ ¥ de leite+ W de came=274 kcal

Guarnigoes:

Torta de Frango (100 g) — 1 fatia M

Porcoes: % de arroz/pao + % de carne = 195 kcal

Canjiquinha ¢/ carne (115 g)] — 1 concha M rasa

Porgoes: % de arroz/pao + % de carne = 175 kcal

Salpicio (100 g) — 4 colh sopa=2 % colh servir

Porcoes: % de arroz/pdo + % de carne = 200 keal

Macarrao a bolonhesa (156 g] — 3 escumadeiras

Forgoes: 1 de arroz/pao + % de carne = 190 kcal

Macarrao ao molho branco [135g) — 5 colh sopa=1 pegador

Porgoes: 1 de arroz/pao + % de leite = 205 kcal

Lasanha bolonhesa/frango/pres e quei {144 g] - 1 % colh servir=

Porcoes: 1 de arroz/péo + 1 de leite + % de carne=2343 keal

1 escumadeira=1 pedaco M

Pangueca de Carne/frango/ pres e quei [115g] — 1% und M

Porgoes: 1 de ammoz/pac + % de leite + % de carne=328kcal

Creme de milho (211 g) — 3 colh servir=6 colh sopa

Forgoes: 1 de amroz/pdo + % de leite = 211 kecal

Feijao tropeiro (33 g) — 1 colh servir

Porgoes: % de arroz/pao + 1 de feijao = 133 kecal

Feijoada (228 g] — 1 concha M ch

FPorcoes: 3 % de feijdo + 1 de came = 395 kecal
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Apéndice 5: Orientagdes para o preenchimento de registro alimentar

Universidade Federal de Vicosa 1)

Centro de Ciéneias Bioldgicas e da Saude :
Departamento de Nutri¢do e Saude

Programa de Pos-Graduacio em Ciéncia da Nutri¢do

ORIENTACOES PARA O PREENCHIMENTO DE REGISTRO ALIMENTAR DE 3 DIAS
Preencha em 3 dias nao consecutivos, sendo dois em dia de semana e um em final de semana

® E importante que registre o horario em que os alimentos/bebidas foram consumidos:

° Indique as datas e os dias da semana dos registros:

e  Voce deve anotar todos os alimentos e as bebidas consumidos ao longo do dia. exceto agua;

¢  Nao se esqueca de anotar balas, bombons. chicletes, etc:

e  Nao se esqueca dos alimentos consumidos fora de casa:

. Anote tudo apds a ingestdo para que nao se esqueca de nenhum alimento ou bebida e suas
respectivas quantidades:

° Vocé deve anotar o tipo de alimento e/ou bebida com o maximo de informacoes possiveis:
» Para produtos industrializados, relate a marca e a quantidade (ex: Biscoito marca X, um pacote
de XX g ou X unidades);
~ Indique se na preparacao foi utilizado molho (creme de leite. vermelho. branco. queijo. rosé.
madeira. shoyo. eftc):
~ Indique o tipo de preparacio (cru. cozido. ensopado. frito, refogado, assado. grelhado. a
milanesa, empanado, etc): Ex: bife a milanesa;
» Relate se as hortalicas sdo cruas. cozidas ou refogadas:
» Relate se as hortalicas sdo em folhas, unidades. rodelas. fatias. em cubos ou raladas:
~ Indique se o alimento ou a bebida ¢ integral. desnatado. light. dier. sem agtcar. etc:

. Para as quantidades, procure ser o0 mais exato possivel:
- Relate as medidas caseiras:
- Colheres: café. cha. sobremesa. sopa. servir (arroz) ou escumadeira e concha (P, M. G):
- Copo: descartavel (cafezinho. xx ml). de geléia. americano (tipo lagoinha — boteco). duplo (tipo
requeijao). tulipa de chopp. taca. de dose:
- Xicara: cafezinho. ch4 ou caneca P. M. G (se possivel colocar de quantos ml):

- Prato: pires. de sobremesa. raso. fundo. cumbuca:
» Informe se a medida utilizada estava cheia ou rasa. Ex.: colher de sopa cheia:

~ Pode-se indicar apenas a unidade e tamanho. Ex.: 1 coxinha tamanho festa / 2 fatias de pao / 1
gomo de lingiiica de porco fTita.

° Descreva bem as porcdes. Ex.: 1 coxa média de frango. frita com pele:

» Lembre-se de anotar bebidas alcoolicas e o que foi adicionado a elas. Ex.:
Caipivodka de limao com agucar; run com coca light/comum:

° Informe se adicionou acucar, sal. azeite, manteiga. requeijdo, margarina. catchup,
maionese. geléia bem como a quantidade adicionada:

. Coloque o tamanho dos alimentos (P. M. G). Ex.: 1 fatia pequena de melancia: 1

laranja média.
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Apéndice 5: Registro alimentar

= Nome:

Data: /[

Rec:

Seg

Ter

Proj: Fase:

Qua Qui Sex Siab Dom

REFEICAO
HORARIO
LOCAL

MEDIDA CASEIRA

Ex: 1 colher de sopa cheia

Alimento
Ex: cenoura crua ralada

Horario:

Local:

Horario:

Local:

Horario:

Local:

Horario:

Local:

Horario:

Local:

Horario:

Local:
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Use o verso se necessario




Apéndice 6: Questionario internacional de atividade fisica (IPAQ)

QUESTIONARIO INTERNACIONAL d
DE ATIVIDADE FISICA

Data: /[ Idade:

Quantas horas vocé trabalha por dia:
Quantos anos completos vocé estudou:

Para responder as questoes lembre que:

»  Alividades fisicas VIGOROSAS sdo aquelas que precisam
de um grande esforco fisico e que fazem respirar MUITO
mais forte que o normal

» Alividades fisicas MODERADAS sdc aguelas que
precisam de algum esforgo fisico e que fazem respirar UM
POUCO mais forte que o normal

SEGAO 1- ATIVIDADE FiSICA NO TRABALHO

Esta secdo inclui as atividades que vocé faz no seu servigo,
que incluem trabalho remunerade ou veluntario, as atividades
na escola ou faculdade e outro tipo de frabalhe ndo
remunerado fora da sua casa. NAO incluir trabalho ndo
remunerado que vocé faz na sua casa como tarefas
domésticas, cuidar do jardim e da casa ou tomar conta da sua
familia. Estas serdo incluidas na secdo 3.

1a. Atualmente vocé trabalha ou faz trabalho voluntario
fora de sua casa?
( )Sim ( ) N&o - Caso vocé responda nao

Va para secdo 2: Transporte

As proximas questtes sdo em relagdo a toda a atividade fisica
que vocé fez na ultima semana como parte do seu frabalho
remunerado ou ndo remunerado. NAQ inclua o transparte para
o trabalho. Pense unicamente nas atividades que vocé faz por
pelo menos 10 minutos continuos:

1b. Em quantos dias de uma semana normal vocé anda,
durante pelo menos 10 minutos continuos, como
parte do seu trabalho?Por favor, NAO inclua o
andar como forma de transporte para ir ou voltar do
trabalho.

CAM

dias por SEMANA
( )nenhum — V3 para a se¢io 2 - Transporte.

1c. Quanto tempo no total vocé usualmente gasta POR
DIA caminhando como parte do seu
trabalho 7
horas minutos
1d. Em quantos dias de uma semana nomal vocé faz

atividades moderadas, por pelo menos 10 minutos
continuos. como carregar pesos leves como parte
do seu trabalho?

dias por SEMANA
( )nenhum - Va para a questao 1f

1e. Quanto tempo no total vocé usualmente gasta POR
DIA fazendo atividades moderadas comeo parte do seu
trabalho?

horas minutos
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Rec: Proj: Fase:

1f. Em quantos dias de uma semana normal vocé gasta
fazendo atividades vigorosas, por pelo menos 10
minutos continues. come trabalho de construgcdo
pesada, camegar grandes pesos, trabalhar com
enxada, escavar ou subir escadas como parte do
seu trabalho:

dias por SEMANA
() nenhum - Va para a questao 2a. VIG
1g. Quanto tempo no total vocé usualmente gasta POR

DIA fazendo atividades fisicas vigorosas como parte
do seu trabalho?

horas minutos

SEGAO 2 - ATIVIDADE FiSICA COMO MEIO DE
TRANSPORTE

Estas questdes se referem a forma tipica como vocé se
desloca de um lugar para outro, incluindo seu trabalho, escola,
cinema, lojas e outros.

2a. O quanto vocé andou na ultima semana de carro,
onibus, metré ou trem?

dias por SEMANA
() nenhum - V& para questio 2c

2h. Quanto tempo no total vocé usualmente gasta POR
DIA andando de carro, dnibus, metrd ou trem?

horas minutos

Agora pense somente em relacdo a caminhar ou pedalar para
ir de um lugar a outro na ultima semana.

2¢c. Em quantos dias da ultima semana vocé andou de
bicicleta por pelo menos 10 minutos continuos
para ir de um lugar para outro? (NAQ inclua o pedalar
por lazer ou exercicio)

dias por SEMANA

_ MOD
{ ) Nenhum - Va para a questio 2e.

2d. Nos dias que vocé pedala quanto tempo no total vocé
pedala POR DIA para ir de um lugar
para outro?
horas minutos
2e. Em quantos dias da ultima semana vocé caminhou

por pelo menos 10 minutos continuos para ir de
um lugar para outro? (NAQ inclua as caminhadas por
lazer ou exercicio)

dias por SEMANA

() Nenhum - Va para a Secéo 3.

21 Quando vocé caminha para ir de um lugar para outro
quanto tempo POR DIA vocé gasta? (NAO inclua as
caminhadas por lazer ou exercicio)

horas minutos



SEGAO 3 - ATIVIDADE FiSICA EM CASA: TRABALHO,
TAREFAS DOMESTICAS E CUIDAR DA FAMILIA.

Esta parte inclui as atividades fisicas que vocé fez na ultima
semana na sua casa e ao redor da sua casa, por exemplo,
trabalho em casa, cuidar do jardim, cuidar do quintal, trabalho
de manutencao da casa ou para cuidar da sua familia
Novamente pense semente naguelas atividades fisicas que
vocé faz por pelo menos 10 minutos continuos.

Sa. Em quantos dias da ultima semana vocé fez
atividades moderadas por pelo menos 10 minutos como
carregar pesos leves, limpar vidros, varrer, rastelar no jardim
ou quintal.

3b. Nos dias que vocé faz este tipo de atividades quanto
tempo no total vocé gasta POR DIA fazendo essas
atividades moderadas no jardim ou no quintal?

dias por SEMANA
{ ) Nenhum - Va para questdo 3b.

horas minutos

3e. Em quanios dias da ultima semana vocé fez
atividades moderadas por pelo menos 10 minutos
como carregar pesos leves, limpar vidros, vamrer ou
limpar o chdo dentro da sua casa.

dias por SEMANA
{ )Nenhum - Va para questio 3d.

MOD

3d. Nos dias que vocé faz este tipo de atividades
moderadas dentre da sua casa quantc tempo no
total vocé gasta POR DIA?

horas minutos

3e. Em quanios dias da ultima semana vocé fez
atividades fisicas vigorosas no jardim ou quintal
por pelo menos 10 minutos como carpir, lavar o
quintal, esfregar o chao:

dias por SEMANA

G { ) Nenhum - Va para a segao 4.
3f. Nos dias que vocé faz este tipo de atividades

vigorosas no quintal ou jardim quanto tempo
no total vocé gasta POR DIA?

horas minutos

SEGAO 4- ATIVIDADES FISICAS DE RECREAGAOQ,
ESPORTE, EXERCICIO E DE LAZER.

Esta secdo se refere as atividades fisicas que vocé fez na
ultima semana unicamente por recreacdo, esporte, exercicio
ou lazer. Novamente pense somente nas atividades fisicas
que faz por pelo menos 10 minutos continuos. Por favor,
NAO inclua atividades que vocé ja tenha citado.

4a. Sem contar qualquer caminhada que vocé tenha citado
anteriormente, em quantos dias da

ultima semana vocé caminhou por pelo menos 10 minutos
continuos no seu tempo livre?

dias por SEMANA ( ) Nenhum - V& para questio 4b
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4b. Nos dias em gue vocé caminha no seu tempo livre,
quanto tempo no total vocé gasta POR DIA?

horas minutos

4c. Em quantos dias da ultima semana vocé fez atividades
moderadas no seu tempo livre
por pelo menos 10 minutos, como pedalar ou nadar a
velocidade regular, jogar bola, vlei ,
basquete, t&nis :
MOD
dias por SEMANA

{ )Nerhum - Va para questdo 4d.

4d. Nos dias em que vocé faz estas atividades moderadas no
seu tempo livre quanto tempo no
fotal vocé gasta POR DIA?

horas minutos

4e. Em quantos dias da ultima semana vocé fez atividades
vigorosas no seu tempo livre

por pelo menos 10 minutos, como correr, fazer aerobicos,
nadar rapido, pedalar rapido ou fazer

Jogging:

dias por SEMANA
{ )Nenhum - V& para se¢do 5.

VIG

4f Nos dias em que vocé faz estas atividades vigorosas no
seu tempo livre quanto tempo no total
vocé gasta POR DIA?

horas minutos

SECAO 5- TEMPO GASTO SENTADO

Estas (itimas quesifes sdo sobre o tempo que vocé
permanece sentado todo dia, no trabalho, na escola ou
faculdade, em casa e durante seu tempo livre_ Isto inclui o
tempo sentado estudando, sentado enguanto descansa,
fazendo licdo de casa visitando um amigo, lendo, sentado ou
deitade assistindo TV. N&o inclua o tempo gasto sentando
durante o transporte em énibus, trem, metro cu camo.

5a. Quanto tempo no fotal vocé gasta sentado durante
um dia de semana?

horas _ minutos
5b. Quanto tempo no fotal vocé gasta sentado durante

em um dia de final de semana?
horas minutos

O espago abaixo sera preenchido pelo pesquisador (For
favor, nao preencha)

Resultado:

Caminhada Ativ. moderada | Ativ. vigorosa
Frequén | Durag®o | Frequén | Duragdo | Frequén | Duracio
Classificagao:

{ ) Sedentario ( ) liregularmente ativo A

{  )lrregularmente atva B ( )Atve ( ) Muito ativo




Apéndice 7: Registro de ingestao de amendoim

SEMANA 1

Nome:

ID:

DIA

HORARIO DE CONSUMO

Dia 1

Dia 2

Dia 3

Dia 4

Dia 3

Dia 6

Dia 7

SEMANA 2

Nome:

ID:

DIA

HORARIO DE CONSUMO

Dia 1

Dia 2

Dia 3

Dia 4

Dia 5

Dia 6

Dia 7

SEMANA 3

Nome:

ID:

DIA

HORARIO DE CONSUMO

Dia 1

Dia 2

Dia 3

Dia 4

Dia 3

Dia 6

Dia 7

SEMANA 4

Nome:

ID:

DIA

HORARIO DE CONSUMO

Dia 1

Dia 2

Dia 3

Dia 4

Dia 5

Dia 6

Dia 7
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