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Estudos de interven¢ao nutricional tém refor¢ado a restricdo de consumo de
acidos graxos saturados (AGS) e colesterol dietéticos € o aumento do consumo de
acidos graxos essenciais, especialmente d afamilia n-3, na reducdo de risco de doenga
cardiovascular (1). A nefropatia diabética (ND) estd associada com o aumento da
morbi-mortalidade cardiovascular em pacientes com DM tipo 2 (2,3.4,5). Além disso,
a ND ¢ a principal causa de ingresso em programas de substitui¢do renal. Dos
pacientes diabéticos que ingressam em programas de dialise, a maioria ¢ de pacientes

com diabete melito (DM) tipo 2 (6).

Nefropatia diabética: importancia e patogénese

Os mecanismos implicados na lesdo renal progressiva envolvem alteragdes
hemodindmicas, metabdlicas e morfoloégicas que estdo, de algum modo,
interrelacionadas. Os principais fatores relacionados a lesdo glomerular, além da
hiperglicemia sdo: dislipidemia, hipertensdo arterial e disfuncdo endotelial que levam
a hipertensdo glomerular, aumento da permeabilidade vascular, aumento da matriz
extracelular, deposicdo lipidica e infiltragdo glomerular de macrofagos e monocitos
(7).

O colesterol ¢ um componente essencial das membranas celulares, além de ser
o principal componente do cérebro e células nervosas. Também ¢ um elemento-chave
intermediario para a biossintese de uma série de esterdides importantes, incluindo
acidos biliares, hormonios adrenocorticais, estrogenos, andrégenos e progesterona (8).
Entretanto, niveis elevados de colesterol no sangue sdo um dos principais fatores de

risco para doenga arterial coronariana (9). Além disto, em pacientes com DM, o
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colesterol sérico tem sido considerado um dos importantes fatores de risco para o
desenvolvimento de ND (10). De fato, na presenca de doenca renal, com ou sem DM
associado, sdo freqiientes as anormalidades nos lipideos séricos (11) caracterizados
por aumento dos triglicerideos séricos, LDL colesterol (“low density liproprotein”,
lipoproteina de baixa densidade) e diminuicdo do HDL colesterol (“high density
lipoprotein”, lipoproteina de alta densidade) (12). Provavelmente, existe uma
associacgdo entre proteinuria, alteragdes do perfil lipidico e aterosclerose (11).

Os mecanismos relacionados as alteragdes lipidicas em pacientes diabéticos
com ND podem ser atribuidos a presenca da resisténcia insulinica, diminuicdo da
lipase lipoprotéica e habitos alimentares.

A resisténcia insulinica esta presente de uma maneira geral nos pacientes com
DM tipo 2 (13). A diminui¢do do efeito da insulina no tecido adiposo favorece o
aumento da mobilizacdo dos 4cidos graxos livres. O maior aporte de 4cidos graxos
livres circulantes no figado estimula a producdo de lipoproteinas ricas em
triglicerideos. Devido a estas caracteristicas, as particulas ricas em triglicerideos
apresentam modificacdes no seu metabolismo que levam a diminui¢do do HDL
colesterol (14).

Em pacientes ndo diabéticos com insuficiéncia renal cronica, a redugdo da
atividade da lipase lipoprotéica parece ser o mecanismo predominante na
hipertrigliceridemia e nos baixos niveis de HDL (15). Relagdo semelhante encontrou-
se em diabéticos tipo 2 com microalbuminuria, sugerindo que esta enzima tem um
papel critico na dislipidemia associada com o estdgio precoce da ND (16,12).

Outra explicagdo seria a presenca de habitos alimentares que favoreceriam um
perfil lipidico desfavoravel. Neste sentido, existe a observagdo de que pacientes com

DMelito tipo 1 que ndo apresentam ND e tém uma maior ingestdo de AGS, possuem
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um maior risco de desenvolvimento de microalbuminuria (17). Enquanto que, o
consumo de uma dieta rica em peixe como fonte protéica diminui o risco para
microalbuminuria em DM tipo 1 (18). Em pacientes com DM2 e microalbuminuria,
quando se substituiu a carne vermelha por carne de frango, observou-se a diminui¢ao
da taxa de filtragdo glomerular, dos niveis de microalbuminuria juntamente com a

diminui¢ao dos niveis de colesterol e apolipoproteina B séricos nestes pacientes (19).

Papel dos acidos graxos da dieta no perfil lipidico sérico

Colesterol dietético

O colesterol da dieta tende a ter um efeito menor sobre o colesterol sérico do
que a ingestdo de AGS (20) por causa do sistema enddgeno de retroalimentagdo, que
responde as ingestdes dietéticas de colesterol regulando a sintese hepdtica. Os
variados graus de saturacdo dos 4cidos graxos influenciam os niveis de colesterol

total, LDL e HDL (21,22).

Acidos graxos saturados (AGS)

AGS nao possuem duplas-ligacdes em sua cadeia hidrocarbdnica. A ingestdo
destes acidos graxos ¢ um dos principais determinantes do colesterol sérico (21). Os
niveis de colesterol total, HDL e LDL estdo diretamente associados com 0 consumo
de gordura saturada (20,23). A atividade do receptor hepatico de LDL ¢ geralmente o
principal fator controlador das concentragdes de LDL plasmatica. Por sua vez, tanto o
colesterol da dieta quanto os AGS tendem a suprimir a atividade deste receptor
fazendo com que a depuragdo destas particulas fique diminuida e as concentragdes

séricas de colesterol aumentem a ponto de implicar risco aterogénico (24).
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Propriedades aterogénicas sdo atribuidas ao 4cido palmitico (C16), acido
miristico (C14) e acido laurico (C12), descritos em ordem de maior a menor efeito nas
concentragdes séricas de colesterol (9). O 4cido palmitico, inclusive, torna-se ainda
mais aterogénico quanto maior for o teor de colesterol na dieta (25). AGS com menos
de 12 atomos de carbono ndo elevam os niveis séricos de colesterol (9). O papel
exercido pelo acido estearico (C18) ainda ndo estd bem definido, havendo opinides
controversas: Bonamone et al. (26) demonstraram que o acido estedrico ¢ tdo efetivo
quanto o 4cido oléico (C18:1n-9) em diminuir os niveis séricos de colesterol quando
qualquer um dos dois (4cido esteérico ou acido oléico) substitui o acido palmitico na
dieta. E possivel que isto ocorra devido a rapida dessaturagio do acido estearico em
acido oléico.

Por outro lado, mais recentemente, Hu F.B. ef al. (27) demonstraram, através
de uma meta-analise, que o aumento de 1% da ingestdo proveniente do 4cido estearico
proporciona uma razao de risco para doenca cardiovascular de 1,19 (IC 95%: 1,02-
1,37).

Enquanto os AGS de origem animal apresentam-se como fatores dietéticos de
risco para o desenvolvimento de doenca -cardiovascular, os 4acidos graxos
monoinsaturados (AGMI), particularmente o d4cido oléico, mostram um efeito
hipocolesterolémico (25). Os AGMI, quando substituem os AGS, reduzem os niveis
séricos de colesterol (28,29), em particular LDL (29), enquanto o HDL colesterol

permanece inalterado (9).

Acidos graxos monoinsaturados (AGMI)
AGMI sao 4acidos graxos insaturados, que possuem uma dupla-ligacdo na

cadeia hidrocarbdnica. Dietas ricas em AGMI reduzem, em individuos normais, as
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concentragdes séricas de LDL colesterol, de LDL oxidada e a proliferagdo de células
musculares lisas de artérias corondrias humana em cultura (30). As membranas de
tecidos que sdo ricas em AGMI sdo menos suscetiveis a oxidacdo por radicais livres
que as membranas ricas em acidos graxos poliinsaturados (AGPI) (31), possivelmente
porque o maior numero de insaturacdes dos AGPI aumenta a probabilidade de

oxidagao.

Acidos graxos poliinsaturados (AGPI)

Os AGPI possuem duas ou mais insaturagcdes na molécula. A localizagdo do
carbono que possui a primeira dupla-ligacdo contando a partir do ultimo grupo metil
da molécula de 4cido graxo (carbono 6mega), indica a subclassificagdo dmega 6 ou 3
(n-6 e n-3). O principal AGPI n-6 ¢é o acido graxo essencial linoléico (18:2n-6),
componente de membranas celulares e precursor do acido araquiddnico (20:4n-6), que
possui importantes efeitos bioldgicos no organismo (9).

Os AGPI n-6 possuem efeito hipocolesterolemiantes quando substituem os
AGS da dieta, reduzindo tanto LDL quanto HDL (9). No entanto, um alto consumo de
AGPI n-6 favorece um estado pro-trombotico e pro-agregatério de plaquetas,
caracterizado pelo aumento da viscosidade sanguinea, vasoespasmo, vasoconstri¢ao e
diminui¢do do tempo sangramento (1).

Eliminar AGS da dieta ¢ duas vezes mais efetivo para reduzir os niveis séricos
de colesterol do que aumentar AGPI (20). Segundo Yu-Poth S. et al. (32), que
avaliaram os efeitos das intervengdes dietéticas sugeridas pelo National Cholesterol
Education Program’s Step I and Step II (33) através de uma meta-andlise, a
diminuicdo de 1% de energia consumida proveniente de AGS diminui cerca de 2,16

mg/dL de colesterol total e 1,93 mg/dL de LDL.
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O principal representante da familia n-3 dos AGPI ¢ o 4cido graxo essencial o.-
linolénico (18:3n-3), precursor dos demais acidos graxos da familia n-3, pois ¢
rapidamente convertido no organismo no acido eicosapentaendico (EPA; 20:5n-3) que
pode ser elongado, dessaturado e [B-oxidado no 4acido docosahexaendico (DHA;
22:6n-3). EPA e DHA, sdo encontrados principalmente em 6leos de peixes marinhos e
em pequenas doses (1 g/dia) reduzem efetivamente os niveis de triglicerideos séricos
(21,2% em 16 semanas), provavelmente pela inibi¢ao da sintese de VLDL colesterol
(“very-low density lipoprotein”, lipoproteina de muito baixa densidade) (34). Efeitos
de redugdo de LDL parecem estar relacionados com a reducdo de ingestdo de AGS
(35). Além das propriedades antiinflamatorias, antitrombdticas, antiarritmicas,
hipolipémicas e vasodilatadoras (1), um alto consumo de &cidos graxos n-3 esta
associado a menor agregacao plaquetdria, menores niveis de pressdo arterial e menor
resposta imune (9).

AGPI n-6 e n-3 sdo os principais acidos graxos para a produgdo de
eicosandides, como por exemplo, prostaglandinas, tromboxanos e leucotrienos.
Ficosandides derivados de AGPI n-6 tém propriedades metabdlicas opostas as dos
provenientes de acidos graxos n-3. Por isto ¢ importante que a propor¢ao de n-6 e n-3
seja equilibrada para a manutencao da saude. Além disto, devido a competicdo entre
as enzimas envolvidas na elongagdo e dessaturagdo dos acidos linoléico e a-
linolénico, esta proporcao entre os AGPI essenciais torna-se crucial para o
metabolismo normal (1). A razdo 6tima para n-6 e n-3 descrita por Schaefer E.J. (9) ¢é

de aproximadamente 4:1.
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Acidos graxos trans-isdbmeros

Acidos graxos trans, estereoisdbmeros dos acidos graxos cis, estdo presentes,
em pequenas quantidades nas carnes e seus produtos (incluindo os lacteos) e sdo
resultantes da fermentacdo bacteriana nos animais ruminantes. Porém, sdo
encontrados em maiores teores em alimentos industrializados - especialmente
margarinas e gorduras vegetais hidrogenadas - resultantes do processo de
hidrogenacdo catalitica das gorduras usado na industria de alimentos. A hidrogenacao
¢ usada para produzir uma certa solidificacdo destes alimentos facilitando a sua
manipula¢do industrial (25). No processo de hidrogenacdo, algumas das duplas
ligacdes cis de ocorréncia natural sdo convertidas a configuragdo trans. Foi observado
que o consumo dos acidos graxos trans (preferencialmente em relagdo a proporgao de
cis) € capaz de elevar o colesterol sérico (25) e aumentar a relagio de LDL/HDL
colesterol (36), assim como as concentragdes da lipoproteina (a) (25), importante fator

de risco para a ateroesclerose (9).

Recomendacgoes dietéticas

“The American Heart Association” recomenda que a distribuicdo de acidos
graxos da dieta seja: <7% de AGS, at¢ 10% de AGPI, sendo 5% de é4cidos graxos
essenciais (1% da cadeia n-3), cerca de 10-15% de AGMI e a ingestdo de colesterol
dietético < 200 mg para pacientes diabéticos, dislipidémicos e com doenca
cardiovascular (33).

As interveng¢des nutricionais podem apresentar dificuldade de aplicacdo na
pratica clinica, principalmente por exigirem mudang¢a de hdébitos laimentares
associados ao estilo de vida dos individuos. A verificacdo da aderéncia ao tratamento

dietético condiciona uma constante monitoriza¢do da ingestdo alimentar do paciente, a
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qual depende das informagdes fornecidas pelos mesmos. Para mensurar a quantidaded
e calorias, macro e micronutrientes ingerida pelo paciente utiliza-se um método para
obter a informagdo dietética - o inquérito dietético - aliado as informagdes descritas

em uma tabela de composi¢ao quimica dos alimentos (37).

Métodos para avaliacdo da ingestao de alimentos

1. Inquéritos dietéticos

Inquéritos sdo utilizados para obtengdo da informacao dietética de individuos e
populacdes em um determinado periodo de tempo estabelecido previamente (37),
podendo fornecer informacgdes tanto qualitativas, quanto quantitativas. Sao
necessarios na pratica clinica nutricional, tanto para avaliar inicialmente os habitos
alimentares quanto para verificar a aderéncia ao tratamento dietoterapico. Consistem
de historicos dietéticos, recordatorios de 24 h, questiondrios de freqiiéncia de
consumo alimentar, registros alimentares (por medidas caseiras ou com pesagem em
balanga dos alimentos) e didrios alimentares. Sa3o comumente utilizados em estudos
epidemioldgicos e pesquisas clinicas para identificar a ingestdo dietética individual
(18,23,27,38,39).

Os questionarios semiquantitativos de freqiiéncia alimentar ndo sdo
suficientemente especificos para avaliar a ingestdo alimentar, mas sdo Uteis nos
estudos relacionados a dieta habitual. Quanto aos registros alimentares, uma das
limitacdes de sua utilizagdo ¢ a variacdo alimentar nos dias ndo registrados e a
possibilidade de ocorrer sub-registro de alimentos por parte do informante (40).

Uma maneira de averiguar a fidedignidade das informagdes fornecidas nos

registros alimentares ¢ compard-las com marcadores bioldgicos especificos de
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determinados nutrientes. Entretanto, para validar as informagdes obtidas através de
métodos indiretos, estes marcadores devem ser sensiveis a ingestdo alimentar (40).

Moulin C.C. ef al. (39) mostraram que registros alimentares com pesagem
exata de alimentos com balan¢a e a medida da excrecdo urindria de uréia de 24 h para
estimativa da excre¢do urindria de nitrogénio ¢ um método acurado para avaliar a
ingestao protéica de diferentes tipos de dietas em estudos com DM2 bem controlados.
Para isto, ¢ importante que haja um treinamento prévio, entrevista freqiiente para
motivagdo e correcao dos registros alimentares.

Quanto a avaliacdo da ingestdo de gorduras, marcadores especificos para o
conteudo de acidos graxos dietéticos t€m sido estudados. A composicdo dos acidos
graxos séricos em fosfolipideos (41), livres ou ligados as lipoproteinas e no tecido
adiposo (40,42) poderia refletir o tipo de gordura alimentar. Desta forma, alguns
autores (40-42) sugerem que medidas destes acidos graxos sejam empregadas como
instrumentos de avaliacdo objetiva do tipo de gordura consumida pelo individuo.
Entretanto, a utilizacdo de biopsia de tecido adiposo como marcador bioquimico ndo ¢
factivel para estudos epidemioldgicos ou com grande nimero de pacientes. Além
disto, para andlises dos acidos graxos séricos (livres ou ligados a lipoproteinas) a
rapida conversdo dos acidos graxos provenientes da dieta precursores de outros
produzidos endogenamente (1) deve ser considerada.

Estudos clinicos controlados bem delineados (29,43-49) tém utilizado a analise
quimica direta dos nutrientes ingeridos durante o periodo de intervengdo (lipidios
totais, colesterol e 4cidos graxos, geralmente) para maior fidedignidade e acurécia da
composicdo da dieta ingerida. As analises sdo feitas em duplicatas e coletadas
semanalmente das refei¢des de cada dieta fornecida aos participantes do protocolo.

Temme et al. (47) adicionaram, manualmente, a composicdo de &cidos graxos
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dietéticos de alimentos locais analisados em cromatdgrafo a gés ao programa utilizado
para calculo dos cardéapios e dietas, com intuito de ter o0 méximo de aproximagdo da
estimativa da composi¢do real ingerida pelos participantes. Para a realizacdo deste
tipo de protocolo, a disponibilidade de um laboratorio de alimentos, com técnicas
internacionalmente comprovadas, torna-se necessaria.

Comumente, os 4acidos graxos em alimentos sdo analisados através de
cromatografia gasosa de seus ésteres metilicos detectados por ionizagdo em chama. O
objetivo de uma analise cromatografica de lipidios ¢ a completa separacdo das classes
de lipidios e espécies moleculares com o proposito de quantificar seus componentes e

permitir a identificagcdo por uma técnica adequada (25).

2. Tabelas de Composicdo Quimica dos Alimentos

O uso de uma tabela da composicdo quimica dos alimentos completa e
atualizada torna-se imprescindivel para uma adequada caracterizagdo da ingestdo
dietética.

As tabelas internacionais disponiveis (49) sdo uma forte referéncia, devido ao
grande niimero de alimentos e nutrientes analisados, assim como a organiza¢do dos
dados. Porém, seu uso traz dificuldades de adequacidade devido as diferencas
regionais (clima, alimentacdo do animal, tipo de solo, cultura, produtos voltados ao
mercado especifico) e incertezas em traducgdes (forma de preparo, receitas e alimentos
especiais) (50). Além disto, a ndo diferenciagdo pela USDA Handbook Agriculture
(49) de alguns AGPI de cadeia n-3 e n-6, como o 18:3, 20:3 e 20:4 dificulta a

estimativa da propor¢do de AGPI n-6:n-3.
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As tabelas de uso corrente no Brasil necessitam de uma andlise detalhada
acerca da por¢do lipidica contida, pois se limitam, geralmente, as composigdes totais
de gordura e colesterol (51, 52).

Existem poucos estudos que analisam a composicao lipidica das carnes na
América Latina. Vizcarrondo et al. (53) analisou por cromatografia gasosa a
composi¢ao de 4cidos graxos de alguns cortes frescos de gado, porco e frango e seus
derivados processados com o intuito de identificar o perfil lipidico das principais
carnes consumidas na Venezuela. Moraes et al. (54) realizaram um estudo
comparativo da gordura de galinha d’angola (Gaylord), da galinha caipira (sem
linhagem definida) e do frango de corte (Arbor acre). Os dados apresentados em
ambos estudos encontram-se em percentagem do total de ésteres metilicos de acidos
graxos dificultando a quantificagdo ingerida comumente utilizada (mg por 100g de
alimento). Analises de teores de colesterol em carnes cruas de frango (55) e carne
suina e bovina - cruas e com o efeito do cozimento (56) foram feitos por Bragagnolo

N. & Rodriguez-Amaya em 1992 e 1995.

A elaboragdo de um sistema nacional de base de dados da composi¢cdo
nutricional dos alimentos (com descrigao dos procedimentos analiticos utilizados, dos
critérios e forma de amostragem) tem sido aspiragdo dos profissionais ligados a
alimentacdo e nutri¢ao. Esfor¢os tém sido realizados por alguns grupos na elaboragao
de programas como, por exemplo, o “Programa Integrado de Composicdo de
Alimentos” ligados ao Brasil FOODS e ao Grupo de Trabalho Composi¢do de
Alimentos da Sociedade Brasileira de Ciéncias e Tecnologia de Alimentos — SBCTA
para a organizacao deste banco de dados. Também ha o Projeto de elaboragdo de uma
Tabela Brasileira de Composicao de Alimentos - TACO - coordenado pelo Nucleo de

Estudos e Pesquisas em Alimentagdo (NEPA) e a Universidade Estadual de Campinas
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(UNICAMP), que conta com o apoio da Area Técnica de Alimentagdo e Nutricdo do

Ministério da Saude.
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Justificativa

Recentemente, demonstrou-se que a substituicdo da carne de frango a carne
vermelha em uma dieta normoprotéica tem efeitos positivos na fun¢ao renal e nos
niveis séricos de colesterol em pacientes com DM2 e microalbuminuria (18). Para
tentar entender os mecanismos associados a este efeito benéfico, e devido a auséncia
de dados sobre a composi¢ao de acidos graxos especificos das partes do frango mais
consumidas pelos pacientes, decidiu-se analisar a composi¢ao de acidos graxos dos

principais cortes de carne de gado e frango consumidos na regido sul do Brasil.

Objetivo

Analisar a composi¢ao de lipideos, colesterol e acidos graxos em cortes de carne

de gado e frango mais consumidos pelos pacientes com DM2 na regido sul do Brasil.
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ABSTRACT: The aim of this study was to analyze the fatty acid composition of the
beef and chicken cuts most often consumed by a population of type 2 diabetic patients
in southern Brazil: for beef, semimembranosus and biceps femoris; and for chicken,
drumstick and thigh. Three different brands of these raw cuts were analyzed in
duplicate. The results were compared with data extracted from the United States
Department of Agriculture (USDA) Handbook. Chicken meat had a lower proportion
of saturated (36.4+3.6%; P<0.001) and a higher proportion of polyunsaturated fatty
acids (21.3£3.5%; P<0.0001) than beef (53.3+2.12 and 3.0+£0.5%). Long chain
omega-3 polyunsaturated fatty acids (PUFA) EPA and DHA were observed only in
dark chicken meat (2343 and 14+1 mg/100g, respectively) and were found in not
presented (less than 0.1 mg/100g) amounts in beef cuts. The amount of gamma and
alpha linolenic acids in biceps femoris (39/22 mg/100g) was higher than in dark
chicken meat (1/25 mg/100g). A discrepancy was observed between the composition
of the experimental meats and those reported in the USDA Handbook, mainly for
beef. Total lipid content as well as PUFA and MUFA levels were lower than the
values reported in the USDA Handbook (26.5, 49 and 25% diference than USDA
values, respectively) for beef. In conclusion, chicken presents a more favorable fatty
acid profile regarding serum cholesterol levels than beef cuts. Furthermore, the
discrepancies observed between our experimental data and the USDA Handbook

suggest that it is important to construct regional food composition tables.
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INTRODUCTION

Microalbuminuria is a risk factor for cardiovascular disease in type 2 diabetic
patients due to the aggregation of several elements, such as high blood pressure,
dyslipidemia and endothelial dysfunction (1). Usually, these patients are treated with a
combination of drugs, including anti-hypertensive and hypolipidemic agents and
renin-angiotensin system blockers [angiotensin-converting enzyme inhibitors and/or
angiotensin II blockers]. However, due to the costs and side effects of drug therapy, a
significant proportion of patients do not comply with treatment.

Nutritional intervention may be an advantageous alternative to drug therapy. It
has been recently demonstrated that replacement of red meat with chicken is
associated with a significant decrease in apolipoprotein B and total cholesterol levels
in microalbuminuric type 2 diabetic patients (2). This effect is probably related to the
higher polyunsaturated fatty acid (PUFA) content of chicken meat in comparison to
beef.

The beneficial effects of PUFA depend on the ratio of the fatty acid omega 6
(n-6) to omega 3 (n-3); it is generally accepted that the ideal proportion of n 6 to n 3 is
around 4:1. However, the current ratio in the usual Western diet ranges from 20 to
30:1, which may favor a prothrombotic and proaggregatory state (3). Therefore,
knowledge concerning the exact fatty acid composition of the meat consumed by
different populations, and especially by type 2 diabetic patients, is extremely
important.

The fatty acid content of different meats might be influenced by a wide variety
of factors, including animal breed, external and internal fat levels, climate, and
breeding, feeding and rearing conditions (4). These factors may vary according to the

region where animals are raised and according to cultural practices. Furthermore, the
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current reference tables of food composition are based on data generated many years
ago — 1979 for poultry (5) and 1990 for beef products (6) — before the marked
improvement on feeding technology. Moreover, in the case of the United States
Department of Agriculture (USDA) Handbook SR-14, for example, no difference is
made between several n-6 and n-3 fatty acids: 18:3, 20:3, 20:4 (7). Consequently, it is
not possible to estimate the ratio of n-6 and n-3 PUFA in meat based on USDA tables.

The aim of the present study was to analyze the fatty acid composition of the
beef and chicken cuts most often consumed by type 2 diabetic patients in Porto

Alegre, a major city in southern Brazil.

MATERIALS AND METHODS

Meats Consumed By Type 2 Diabetic Patients

The meats most often consumed by the diabetic patients at the endocrinology
outpatient clinic at Hospital de Clinicas de Porto Alegre, RS, Brazil were determined
as previously described, based on interviews and training in the technique of 3-day
weighed diet records (8). A sample of type 2 diabetic patients were selected. Only
patients with a concordance of less 70% between the recorded protein intake and the
values estimated by 24-h urinary nitrogen excretion were included. As a result
seventy-four patients were selected for the present study.

The average meat intake per person was 167 = 84 g per day. Beef accounted
for 58% of the weekly consumption of meat; chicken accounted for 30%; fish for 6%;
pork for 5%; and mutton for 1%.

The main beef cuts consumed were tip round (semimembranosus and biceps
femoris muscle 35%), ribs (25%), choice meat (20%), quality meat (13%), sausage,

bologna and beef ham (7%). Dark chicken meat (thigh and drumstick) was the most
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consumed cut (64%), followed by breast meat (29%), chicken sausage and bologna
(5%), wings and back (2%).

Based on the meat intake in this pilot population, we chose to analyze the fatty
acid content of semimembranosus and biceps femoris beef cuts and chicken thigh and
drumstick.

Preparation Of Samples

Three different brands of chicken meat, and beef from three different sources
were purchased at a supermarket. Each sample was hand-boned (chicken) and
dissected from the fat surface, and the lean part was then finely minced. Each raw
sample was analyzed in duplicate. The cholesterol analysis was conducted in
triplicate.

Moisture and protein analyses

Dry matter was obtained from each piece of meat by drying samples in an
oven for 20 h at 105 'C (method 950.46 described in reference 9). The protein content
was calculated as nitrogen amount multiplied by 0.625 per 100 g of meat. The
nitrogen content was determined by the Kjeldahl procedure [method 928.08 described
in reference 9).

Cholesterol Analysis

Step 1 - Saponification: About 2g of each sample were saponified according to
a modified version of the method described by Stewart et al. (10), with 4 mL of 50%
potassium hydroxide and 6 mL of 95% ethanol absolute heated for complete
solubilization at 40 OC, and then heated for 10 min at 60 ‘C. After this, 5 mL of water
were added and the sample were cooled. The non-saponifiable fraction was extracted
three times using 10 mL of hexane. Aliquots of hexane extracts (3 mL) were dried

under a nitrogen flow.
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Step 2 — Cholesterol Measurement: After saponification, samples were
analyzed by high-performance liquid chromatography (HPLC) or enzymatic methods.

HPLC: The extract was dissolved again in 3 mL of acetonitrile-isopropanol
solution (70:30, v/v) and 1 pl was injected into HPLC (11). The HPLC apparatus
consisted of a SHIMADZU® system including a ternary solvent delivery system
(LAD 10); a Rheodyne 20 pL loop injector with column temperature of 30 'C;
ultraviolet detector; and software (CLAS-VP 10) for data processing. A Lichrospher
SRP18 150 x 4.6 mm analytical column was employed, including a holder with guard
column (Chrompack®, The Netherlands). The mobile phase (flow rate = 1 mL/min)
consisted of acetonitrile and isopropanol (70:30, v/v). The resulting chromatograms
were processed at 210 nm.

Cholesterol identification was performed by co-chromatography and by
comparing sample retention times with standard retention times (Sigma and
Polyscience, U.S.A.® C8667). Quantification for each sample was achieved by
internal standardization (0.504 mg of 6-ketocholestanol, Sigma and Polyscience,
U.S.A.® K1250) after saponification. The response factors were calculated daily
during the sample period.

Enzymatic method: The extract was diluted in 0.2 ml of isopropyl alcohol and
analyzed with an enzymatic kit (Merck”™ Diagnostica, Darmstadt, Germany) adapted
to the Cobas Mira Roche® auto-analyzer.

Fatty Acid Composition:

Step 1 — Lipid Extraction: The lipids were extracted according to Folch ef al.

with a chloroform-methanol mixture (2:1, by 200 mL) (12). Four 10 mL aliquots were

saved for the next steps.
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Step 2 — Total Lipid Determination: The total lipid content was determined
gravimetrically on an analytical scale (Marte”™, precision of 0.001g).

Step 3 — Fatty Acid Identification: Aliquots of the lipid extract were esterified
with BFs;-methanol (13). The fatty acid composition of each aliquot was determined
by gas chromatography on a 60 m fused capillary column with an internal diameter of
0.20 um (CP Sil 88). The analysis was performed on a Hewlett-Packard 6890® gas
chromatograph equipped with a flame ionization detector. Helium was used as carrier
gas and nitrogen as make-up gas. The injection port temperature was 200 'C and the
detector temperature was 250 'C. Oven temperature was ramped to 150 'C for 3 min
and increased to 160 'C at 1.5 oC/min; it was then held at 160 'C for 3 min, increased
to 190 'C at 1.5 'C/min, and held at 190 'C for lmin. Finally, temperature was
increased to 220 'C at 1 'C/min.

A Hewlett Packard computing integrator calculated retention times and peak
area percentages. Fatty acids were identified by comparing sample retention times
with standard retention times (36 saturated, monounsaturated and polyunsaturated
fatty acid standards, Sigma and Polyscience, U.S.A.®). Quantification was carried out
by normalization and transformation of the area percentage to mg per 100g of edible

portion, using the lipid conversion factor of Holland (14).

STATISTICAL ANALYSIS

Data were analyzed with the following parametric tests: ANOVA and one-
sample #-test for comparison between experimental values and those published in the
USDA Handbook SR-14 (7). Non-parametric data were logarithm transformed before

statistical analysis. Values were expressed as means * standard deviation (SD).
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Significance was defined at P<0.05. The SPSS software (Chicago, IL) was used for all

analyses.

RESULTS
Chemical Composition Of Raw Meats

Moisture, protein, fat and cholesterol content of raw meats are described in
Table 1. Moisture was higher in dark chicken meat than in beef. The
semimembranosus cut presented higher moisture content than the biceps femoris cut.
In general, the moisture of experimental meats was higher than that reported in the
USDA Handbook: 3.2% higher for semimembranosus (74.48 + 1.08 vs. 72.20
2/100g), 10.4% for biceps femoris (72.48 £ 1.57 vs. 64.92 g/100g) and 2.0% for dark
chicken meat (77.49 + 1.04 vs 75.99 g/100g) (P<0.01).

The protein content of beef was higher than that of dark chicken meat. The
protein content of biceps femoris (20.97 £ 0.04 g/100g) was 8.6% higher than the
value listed in the USDA Handbook (19.31 g/100g; P=0.012). On the other hand, the
protein content of dark chicken meat (18.83 £ 0.09 g/100g) was 6.2% lower than
USDA values (20.08 g/100g; P=0.0001). The protein content of semimembranosus
was similar to USDA values (21.17 £ 0.16 vs. 21.11 g/100g).

The lipid content of biceps femoris was higher than that of semimembranosus
and dark chicken meat. On the other hand, dark chicken meat presented higher lipid
values than semimembranosus. The observed lipid content in both beef cuts were
26.5% lower as compared with the values listed in the USDA Handbook, i.e., 3.08
0.07 vs. 3.80 g/100g for semimembranosus (P<0.003) and 8.75 £ 1.12 vs. 13.19

g/100g (P<0.021) for biceps femoris. No difference was observed concerning the lipid
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content of chicken dark meat (4.08 = 0.60 for experimental samples vs. 4.31 g/100g in
the USDA Handbook).

Cholesterol levels measured by the enzymatic method were higher than those
measured by the HPLC method: 17% in semimembranosus (60.63 £ 2.33 vs. 51.97 =
1.40 mg/100g), 17.5% in chicken drumsticks (104.31 £ 6.34 vs. 86.09 + 3.34 g/100g)
and 29.3% in chicken thighs (98.82 £+ 7.85 vs. 76.44 £+ 2.49 mg/100g); P<0.03 . No
difference was observed in the cholesterol values obtained by the two methods for
biceps femoris (63.02 + 3.62 vs. 63.44 + 3.75 mg/100g) (Figure 1). The variability of
cholesterol values was higher with the enzymatic method than with the HPLC
method. The coefficients of variation for cholesterol measurements were below 4%
for HPLC and below 6% for the enzymatic method. This discrepancy was more
evident when chicken meat was analyzed (3.6 vs. 7.0%).

Regarding the cholesterol content as measured by HPLC, it was observed that
dark chicken meat presented higher cholesterol levels than beef cuts. The cholesterol
content of biceps femoris was higher than that of semimembranosus. When the
experimental data were compared with USDA information, the observed cholesterol
content of semimembranosus was 14% lower than USDA values (51.97 + 1.40 vs. 60
mg/100g; P=0.01). However, the cholesterol content of dark chicken meat and biceps
femoris was similar to USDA values: 80.30 + 2.83 vs. 80 mg/100g for dark chicken
meat and 63.02 + 3.62 vs. 65 mg/100g for biceps femoris.

Fatty Acid Composition Of Raw Meats

The fatty acid values obtained in the experimental meats are described in
Table 2. No trans fatty acid isomers were identified in the experimental meats. Total
saturated fatty acid (SFA) contents were approximetely three times higher in biceps

femoris than in semimembranosus and dark chicken meat. This was particularly
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evident in relation to palmitic acid (16:0). Myristic acid (14:0) and stearic acid (18:0)
values were also higher in biceps femoris as compared to semimembranosus and dark
chicken meat, and higher in semimembranosus than in dark chicken meat. The levels
of monounsaturated fatty acids (MUFA), palmitoleic acid (16:1n-7) and oleic acid
(18:1n-9) were higher in biceps femoris than in semimembranosus and dark chicken
meat, and also in dark chicken meat as compared to semimembranosus. Total PUFA,
n-3 PUFA, n-6 PUFA, and linoleic acid (18:2n-6) contents were higher in dark
chicken meat as compared to beef. The total PUFA content was higher in biceps
femoris as compared to semimembranosus. The very long chain n-3 PUFA EPA
(22:5n-3) and DHA (22:6n-3), were observed only in dark chicken meat (23 £+ 3 and
14 £ 1 mg/100g, respectively). The amount of these fatty acids in beef cuts was not
presented (less than 0.1 mg/100g). The proportion of gamma (18:3n-6) and alpha
linolenic (18:3n-3) fatty acids in the biceps femoris cut (39/22 mg/100g) was higher
than in dark chicken meat (1/25 mg/100g) (Table 2).

Due to the difference in lipid content between beef cuts, we chose to compare
the two experimental cuts in terms of the proportion of fatty acids in relation to the
lipid content rather than the proportion of fatty acid in 100 g of meat (Figure 2). The
observed proportion of MUFA was similar in the beef cuts and chicken meat. The
SFA and PUFA proportions were similar in both beef cuts, but higher (P<0.001) and
lower (P<0.0001), than in dark chicken meat, respectively.

The fatty acid contents of the experimental meats were compared with USDA
values. The SFA content of biceps femoris was 12% lower (4610 £ 198 vs. 5240
mg/100g; P=0.041) than the USDA values; in semimembranosus the values were 21%
higher (1555 £ 61 vs. 1290 mg/100g; P=0.013); and in dark chicken meat the content
was similar (1428 + 124 vs. 1100). The MUFA content of beef cuts was 25% lower,
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and of dark chicken meat 23% higher as compared to USDA values: biceps femoris
(3649 + 87 vs. 5660 mg/100g; P=0.039), semimembranosus (1315 £ 173 vs. 1550
mg/100g; P=0.001) and dark chicken meat, (1664 + 77 vs. 1340 mg/100g; P=0.022).
The PUFA content of beef cuts was observed to be 49% lower than USDA values, but
the values obtained for dark chicken meat were similar to those of the USDA
Handbook: biceps femoris (259 + 24 vs. 520 mg/100g; P=0.003), semimembranosus
(89 £ 24 vs. 180 mg/100g; P=0.024) and dark chicken meat (837 £ 94 vs. 1070

mg/100g).

DISCUSSION

The present experimental data indicate that beef cuts in Porto Alegre, southern
Brazil, presented higher proportions of SFA and lower proportions of PUFA
(principally of the n-3 family) than dark chicken meat.

The proportion of fatty acids described in this study is similar to that described
for raw chicken leg in Australia (16) and Venezuela (17). However, the total lipid
content of Australian chicken was higher (5.5 g/100g) than that reported by us; in
addition, no long chain PUFA n-3 was observed in Australia (16).

Although the cholesterol content of chicken meat is higher than that of beef,
the higher PUFA and lower SFA proportions in chicken may explain the 18%
reduction in serum total cholesterol levels observed in a previous study when
microalbuminuric type 2 diabetic patients replaced red meat with chicken (2). This
supports the notion that the type of dietary fatty acid, rather than the level of dietary
cholesterol, is the most potent regulator of serum cholesterol levels (3). A higher SFA
intake increases low-density lipoprotein (LDL) cholesterol concentrations by
decreasing LDL receptor-mediated catabolism (3).
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When comparing ours results with the information listed in the USDA
Handbook we observed a few discrepancies, mainly for beef. Total lipid content, as
well as PUFA and MUFA proportions were lower (26.5, 49 and 25%, respectively) in
our beef samples than in the USDA Handbook. The cholesterol content of the
semimembranosus cut was 14% lower than the reported USDA Handbook values.
These discrepancies could be attributed to seasonal effects and/or feeding conditions.

Also, it is assumed that the meat cuts described in the USDA Handbook are
retail meat cuts. Wahrmund-Wyle et al. (18) reported that the lipid content for
separable lean from most cuts was lower that currently reported in the USDA
Handbook. This was attributed to a health-conscious trend of the public and to a lower
marbling content. Furthermore, the muscle groups associated with retail cuts vary
depending on the region or country where they are produced (19). The gluteobiceps
muscle contained the highest amounts of fatty acids including PUFA, and the
longissimus dorsi the lowest amounts of PUFA in beef (20).

As regards chicken meat, the 23% higher MUFA content observed by us in
relation to USDA values could be the result of marked advances in hen farming,
especially in breeding and feeding practices. Genetic improvement, together with
changes in feeding techniques, have reduced the time required to achieve slaughter
weight from 120 days in the 1970s to 45 days at present (21).

Other authors have also observed discrepancies between food composition
tables and the fatty acid contents of common foods: Taber et al. (22) reported that the
levels of arachidonic acid were twice as high in raw and cooked beef, chicken breast
and turkey breast as compared with the USDA Handbook SR-8. In contrast,
arachidonic acid and n-3 family fatty acid contents in tuna were almost half the table

values. This was attributed to differences in the analysis and conversion of w/w values
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to mg per 100g and to cattle breed and age. The lipid content of separable lean in
most cuts in a Texas study (18) was lower than that currently reported in the USDA
Handbook. In Brazil, cattle are slaughtered with Smm of level fat, similarly to Texas.

When we compared the methods used to measure cholesterol content, we
observed that the enzymatic method overestimated this value in both experimental
meats. Karkalas er al. (23) have observed a very good agreement between the
enzymatic and gas-liquid chromatography (GLC) methods when analyzing the
cholesterol content of poultry and cheese. Bohac et al. (24) have also reported a good
agreement between the colorimetric and GLC methods in pork and beef. In the
present study, the difference in the results obtained with the two methods could have
been caused by interfering substances (25). In any case, we believe that the HPLC
method is a better choice for measuring the cholesterol content of meats.

In conclusion, in this study chicken meat presented a more favorable fatty acid
profile in terms of serum cholesterol than beef cuts. Furthermore, the discrepancies
observed between our experimental data and USDA values suggest that it is important
to construct regional tables of food composition, especially concerning lipid and fatty

acid content.
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Table 1: Chemical Composition (per 100g) of Raw Chicken and Beef

Beef cuts Dark chicken meat® Anova

Semimembranosus  Biceps femoris P’
Moisture (g)° 74.48 + 1.08 72.48 + 1.57 77.49 £ 1.04 <0.001¢
Protein (g) 21.17£0.16 20.97 £ 0.04 18.83 £ 0.09 <0.001°¢
Fat (g)¢ 3.08 +0.07 8.75+1.12 4.08 £ 0.60 <0.001/
Cholesterol (mg)® 51.97+1.40 63.02 £ 3.62 80.30 £2.83 <0.001¢

“Data concerning drumstick and thigh were grouped (40:60 proportion)

"ANOVA was used for normal-distribution values and logarithm-transformed data for
non-normal-distribution values.

“Data presented as mean + SD of three brands (A-C), in duplicate, n = 3.

YAll meats were statistically different (Student-Newman-Keuls) from each other
(P<0.001).

‘Dark chicken meat was statistically different (Student-Newman-Keuls) as compared
to beef cuts (P<0.001).

fBiceps femoris was statistically different (Student-Newman-Keuls) as compared to
Semimembranosus and dark chicken meat (P<0.001).

®Data presented as mean = SD of three brands (A-C), in triplicate, n = 3.
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Table 2:Fatty Acid Composition (mg/100g) of Raw Chicken and Beef *

Beef cuts Dark ANOVA
Composition Semimembranosus  Biceps chicken P
femoris meat”

Myristic acid (14:0) 99+9 356 £ 11 29+3 <0.0017
Palmitic acid (16:0) 958 + 61 2804 +£198 1097 +124  <0.001°
Stearic acid (18:0) 498 + 46 1450 £ 119 302 +22 <0.001¢
Total saturated fatty acids 1555+ 116 4610 +£328 1428 +124  <0.001°
Palmitoleic acid (16:1n-7) 207 +£173 639 £ 87 298 £ 56 <0.010°
Oleic acid (18:1n-9) 1108 + 118 3010+80 1366+77  <0.0017
n-9 MUFA 1108 £ 118 3010+80 1366+77  <0.0017
Total MUFA 1315+ 173 3649 +87  1664+77  <0.0017
Linoleic acid (18:2n-6) 35+24 183 +£24 728 £ 94 <0.001"
Gamma-linolenic (18:3n-6) 1 39+ 10 1 <0.001°¢
a-Linolenic acid (18:3n-3) 32+ 10 22+5 25+4 0.263
Arachidonic acid (20:4n-6) 21+5 15+1 46+ 3 0.110
EPA (22:5n-3) 0.1 0.1 23+3 0.001
DHA (22:6n-3) 0.1 0.1 14+ 1 0.0147
n-3 PUFA 32410 22+5 62+4 0.001
n-6 PUFA 57 + 24 237424 775494  <0.001
Total PUFA 89 +24 259+24 837494  <0.001

“Data presented as mean + SD.

® Data obtained from drumstick and thigh were grouped (40:60 proportion).
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“ANOVA was used for normal-distribution values and logarithm-transformed data for
non-normal-distribution values.

YAll meats were statistically different (Student-Newman-Keuls) from each other
(P<0.001).

‘Biceps femoris was statistically different (Student-Newman-Keuls) as compared to
Semimembranosus and dark chicken meat (P<0.001).

'Dark chicken meat was statistically different (Student-Newman-Keuls) as compared

to beef cuts (P<0.001).
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Figure legends:

Figure 1: Comparison between two cholesterol analysis methods (mg per 100g) in
raw experimental foods. Results obtained with enzymatic method appear as open dot
(0); closed dot () represents results obtained with HPLC. Mean values presented as
and significance calculated by logarithm-transformed data. Independent t test was
used. * =P<0.05.

Figure 2: Proportion of fatty acid (%) in different experimental meats. Values
expressed as mean + SD and significance calculated by logarithm-transformed data.

ANOVA was used. * = P<0.001 (Student-Newman-Keuls).
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Anexo 1
REGISTRO ALIMENTAR (RA):

NOME
DATA:
( )SEGUNDA-FEIRA ( ) TERCA-FEIRA ( ) QUARTA-FEIRA
( ) QUINTA-FEIRA ( ) SEXTA-FEIRA ( ) SABADO ( ) DOMINGO

ALIMENTO QTDE OBS

(TIPO)

CAFE DA MANHA

LANCHE DA MANHA

ALMOCO

LANCHE DA TARDE

JANTAR

LANCHE DA NOITE

ATENCAO!
- Anotar a quantidade de adogante usado para liquidos, frutas ou outros.
- Nao esquecer de anotar a quantidade e o tipo de liquidos ingeridos durante o dia e as
refei¢cdes (agua, refrigerante, suco, refresco, cafezinho, cha).
- Utilizar copo graduado e balanca em todas as medidas.
- Anotar as medidas das sobras e a quantidade de gordura usada para cozinhar
os alimentos.
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Anexo 2
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Anexo 3
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