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CONSELHO

Quando te decidires: segue!
Nao esperes que o vento

Cubra de flores o caminho.
Nem sequer esperes o caminho.
Cria-o. Faze-o tu mesmo

E parte... Sem lembrar

Que outros passos pararam,

Que outros olhos ficaram te olhando seguir.

(Prado Veppo)



RESUMO
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No Brasil, assim com em muitos Paises em desenvolvimento, a fome ¢ a desnutri¢ao
afetam uma grande parcela da populagdo. Nas criancas, essa situagdo pode determinar
seqiielas importantes para o resto de suas vidas, tanto sob o ponto de vista organico quanto
intelectual. Mas como garantir uma alimentacdo adequada em um cendrio mundial onde um
sexto da humanidade ainda ndo consegue se alimentar de forma digna? Dentre os Programas
Governamentais Brasileiros atualmente existentes, o Programa Nacional de Alimentagao
Escolar — PNAE destaca-se pela abrangéncia das faixas etarias mais vulneraveis e por aliar o
combate & fome e a evasdo escolar. Devido aos recursos financeiros disponibilizados, a
inclusao de alimentos alternativos de baixo custo tem sido promovida como estratégia
promissora. No entanto, a real avaliacdo do poder nutricional destes alimentos ainda carece de
investigagdes. Assim, pesquisas que avaliam a inclusdo de alimentacdo alternativa no PNAE
devem considerar ndo s6 o aspecto econdmico e de aceitacdo sensorial pelas populagdes alvo,
mas 0s aspectos nutricionais intrinsecos dos alimentos utilizados. Neste contexto, além do
perfil calorico e de macronutrientes, a importancia do escore aminoacidico presente no
alimento ofertado tem recebido destaque na literatura mundial, principalmente na faixa etaria
pediatrica. Neste estudo, dois co-produtos agroindustriais de baixo custo, concentrado
protéico de soja e quirera de arroz, foram utilizados na formulacdo de um “mix” altamente
protéico e com balanco aminoacidico adequado aos requerimentos nutricionais infantis. Este
“mix” foi utilizado em preparagdes alimentares, “bolinhos doces”, de diferentes sabores com
grande aprovagao pelo grupo de criangas em estudo. Os alimentos experimentais foram
suplementados a alimentacdo escolar determinando alteragdes significativas na composi¢ao
corporal das criangas estudadas: aumento da massa magra e reducdo da massa gorda,
principalmente entre as criancas com desvios nutricionais. Além disto, este estudo
demonstrou que, mesmo sendo considerado o aminoacido limitante, a lisina presente no arroz
cozido apresenta elevada disponibilidade metabdlica. Esta constatacdo so foi possivel através
da técnica do indicador de oxidacdo de aminoacidos, até entdo utilizada na avaliacdo de
biodisponibilidade aminoacidica de fontes protéicas isoladas.

Palavras-chave: Alimentacdo escolar. Alimentagdo alternativa. Escore de aminoacidos.
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In Brazil, as well as in many developing countries, hunger and malnutrition affect a
large portion of population. In children, this situation can determine important consequences
for the rest of their lives, from both organic and intellectual point of view. But how to ensure
adequate food in a world scenario where a sixth of humanity still can not feed themselves in
dignity? Among Brazilian Governmental Programs currently in existence, the Brazilian
National School Feeding Program - BNSFP stands out for its coverage of the most vulnerable
age groups and by combining the fight against both hunger and school drop-out. Due to low
financial resources, inclusion of low-cost alternative food has been promoted as a promising
strategy. However, the real assessment of the nutritional power of these foods still requires
further investigation. Thus, researches that evaluate the inclusion of alternative food supply
by the BNSFP should consider not only the economic aspect and acceptance by aimed
populations, but the intrinsic nutritional value of the food used. In this context, besides the
macronutrient and energy profile, the importance of the amino acid score in the food provided
has received prominence in world literature, especially in pediatric patients. In this study, two
low cost agro industrial by-products, soybean protein concentrate and broken rice, were used
in the formulation of a "mix" with high protein content and amino acid balance appropriate to
the high nutritional requirements of growing children. This "mix" was used in food
preparations, "Sweet Cookies", of different flavors with great approval by the group of
children studied. The experimental foods were added to the school feeding determining
significant changes in body composition of participating children: increments in lean mass
and decrease in fat mass, especially among children with nutritional problems. Furthermore,
this study demonstrated that even being considered the limiting amino acid, lysine present in
cooked rice has a high metabolic availability. This finding was made possible by the indicator
of amino acid oxidation technique, which had already been previously used for this purpose,
but only in the assessment of amino acids of isolated protein sources.

Keywords: School feeding. Alternative food. Amino acid score.
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APRESENTACAO

Em INTRODUCAO sio abordados os diferentes topicos relacionados & tematica desta
tese que originaram os questionamentos e os objetivos desta pesquisa como um todo.

Os resultados que fazem parte desta tese sdo apresentados no item RESULTADOS
CIENTIFICOS. As se¢Oes Materiais ¢ Métodos, Resultados, Discussdo dos Resultados e
Referéncias Bibliograficas encontram-se nos proprios artigos.

Os itens DISCUSSAO e CONCLUSAO, dispostos apos os artigos, contém
interpretacdes e comentarios gerais referentes aos artigos cientificos contidos neste estudo.

Nos APENDICES ¢ apresentado o Termo de Consentimento Livre ¢ Esclarecido
utilizado, bem como os resultados de dois inquéritos iniciais que fundamentaram e nortearam
o planejamento do restante da pesquisa. Além destes, ¢ apresentada uma tabela com valores
de referéncia para incrementos de peso e estatura de criangas conforme o sexo e a idade.

No item BIBLIOGRAFIA constam as citagdes que aparecem nos itens

INTRODUCAO e DISCUSSAO desta tese.



1. INTRODUCAO

A defini¢ao cléassica de Seguranga Alimentar determina que haja “uma situagcdo na
qual todas as pessoas, durante todo o tempo, possuam acesso fisico, social e econdmico a
alimentacdo suficiente, segura e nutritiva, que atenda a suas necessidades dietéticas e
preferéncias alimentares para uma vida ativa e saudavel.” (FAO, 2003). Porém, quando as
familias ndo apresentam disponibilidade de alimentos, acesso ou utilizagdo adequada, elas
encontram-se em Inseguranga Alimentar - IA. (WEBB et al, 2006). Inicialmente existem
ansiedade e preocupacdo quanto a disponibilidade de alimentos. Apds, os adultos passam a
limitar a quantidade e qualidade dos alimentos consumidos. Posteriormente, no nivel mais
elevado, as criangas passam a sofrer restri¢des. (MELGAR-QUINONEZ et al, 2003). Estima-
se que existam 816 milhdes de pessoas no mundo em situagdo de IA. (BELIK, 2003).

Segundo a classificagdo e as definicdes adotadas pelo IBGE (Instituto Brasileiro de
Geografia e Estatistica) em sua Pesquisa Nacional por Amostra de Domicilios — PNAD
(IBGE, 2009), a TA pode ser leve, moderada ou grave. IA leve ocorre quando ha
“preocupacdo ou incerteza quanto ao acesso aos alimentos no futuro, ou inadequacdo da
qualidade dos alimentos resultante de estratégias que visam ndo comprometer a sua
quantidade”; IA moderada, quando hd “reducdo quantitativa e/ou ruptura nos padrdes de
alimentag¢do resultante da falta de alimentos entre os adultos”; e IA grave, quando ha “reducao
quantitativa de alimentos e/ou ruptura nos padroes de alimentacdo resultante da falta de
alimentos entre as criangas, e/ou presen¢a de fome (quando alguém fica o dia inteiro sem
comer por falta de dinheiro para comprar alimentos)”.

Em nosso Pais, a PNAD demonstrou que somos 65,6 milhdes de pessoas em situagao
de IA leve (20,9%), moderada (7,4%) ou grave (5,8%). (IBGE, 2009).

E sabido que individuos em crescimento sio mais susceptiveis aos efeitos deletérios
da privagao nutricional. No Brasil, a PNAD observou que a prevaléncia de IA era maior nos
domicilios em que residiam criangas e adolescentes menores de 18 anos, onde 8,3% da
populagdo com idades entre 5 e 17 anos encontravam-se em [A grave. Na regido nordeste,
41,7% da populacdo vivia em IA, ou seja, conviveram com a fome, “em quase todo dia”, “em
alguns dias” ou “em um ou dois dias”, nos 90 dias anteriores a realizagdo da entrevista.

(IBGE, 2009).
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Paradoxalmente, no periodo entre 1988 e 2010, o Brasil apresentou uma notavel
reducdo das prevaléncias de desnutricdo infantil. Pelo contrério, foi observada elevagao na
prevaléncia de distirbios nutricionais originados pela alimentagcdo excessiva, principalmente
entre os adolescentes. Porém, a IA também pode determinar distirbios nutricionais como a
obesidade. (KAC et al, 2012). Vale destacar, ainda, que as populagdes mais vulneraveis em
relagdo a desnutri¢ao infantil s3o as mesmas que apresentam o maior risco de excesso de peso
e obesidade tanto na adolescéncia quanto na fase adulta, particularmente entre as mulheres.
Em 2009, 43,8% das mulheres e 16,5% das adolescentes pertencentes a familias que recebiam
o Bolsa Familia apresentavam excesso de peso, chegando a 14,9% e 3,7%, respectivamente,
as prevaléncias de obesidade. (CONSEA, 2010). Entretanto, os dados analisados basearam-se
exclusivamente em medidas de peso e estatura, ndo considerando as situagdes de IA a que
muitos individuos estdo submetidos. Isto porque “situacdes de Inseguranca Alimentar e
Nutricional podem ser detectadas a partir de diferentes tipos de problemas como fome,
obesidade, doengas associadas a ma alimentacdo e consumo de alimentos de qualidade
duvidosa ou prejudicial a satde.” (CONSEA, 2011).

As relagdes existentes entre desnutri¢do, fracasso escolar e repeténcia ja estdo bem
estabelecidas ha longa data. Um estudo realizado na cidade de Belo Horizonte pode definir
alguns fatores de risco para a repeténcia escolar. Dentre eles, um indice altura/idade/sexo
inferior ao percentil 10,1. Ou seja, criancas desnutridas cronicas deveriam ser selecionadas
para monitoramento e prevencdo da repeténcia nas escolas investigadas. (MALTA;
GOULART; COSTA, 1998).

A desnutrigdo cronica ou passada ndo pode ser responsabilizada, unica e
exclusivamente, pelos elevados indices de repeténcia e evasdo escolar brasileiros. E sabido
que, mesmo criangas ja desnutridas, por apresentarem adaptacdo a sua situagdo, priorizam o
funcionamento de sistemas nobres em detrimento de seu crescimento. Assim, Se
adequadamente estimuladas e ensinadas tém condi¢des de aprender, ndo devendo ser
subestimadas ou rotuladas pelas dificuldades escolares que apresentam. No entanto, a fome
cronica, a “fome do dia”, esta sim pode determinar o baixo rendimento escolar e colaborar
para o fracasso escolar. E principalmente sobre esta fome que a merenda escolar atua, desde
que nutricionalmente adequada. (MOYSES; LIMA, 1983).

“Bolsa Familia” e “Fome Zero” sdo estratégias impulsionadas pelo Governo Federal
para assegurar o direito humano a alimenta¢do adequada as pessoas com dificuldades de

acesso aos alimentos. Tais estratégias se inserem na promog¢do da Seguranga Alimentar e
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Nutricional, buscando a inclusdo social e a conquista da cidadania da populagdo mais
vulneréavel a fome. (BRASIL, 2009a).

Outra importante estratégia ¢ o Programa Nacional de Alimentacdo Escolar — PNAE.
(BRASIL, 2009b). Este programa iniciado na década de cinquenta ¢ mantido pelo Ministério
da Educacgdo. Ele regulamenta a oferta de alimentos aos alunos matriculados na pré-escola,
ensino fundamental e ensino médio da rede publica durante o periodo letivo. Determina que
as escolas publicas devam fornecer alimentacao escolar com recursos repassados diretamente
pela Unido. Assim, desde sua implantacdo o PNAE vem despontando como uma alternativa
em expansdo em nosso Pais, sendo objeto de estudos quanto a sua eficicia e possiveis
melhorias que visem a reducao da fome de nossa populagdo infantil.

O PNAE, através de suas portarias, determina que “a alimentagdo escolar ¢ direito dos
alunos e dever do Estado, e devera ser promovida e incentivada com vistas ao atendimento de
diretrizes estabelecidas.” Sdo diretrizes do PNAE: “emprego da alimentacdo saudavel e
adequada, compreendendo o uso de alimentos variados, seguros, que respeitem a cultura,
tradicdes e habitos alimentares sauddveis, contribuindo para o crescimento e o
desenvolvimento dos alunos e para a melhoria do rendimento escolar, em conformidade com
a sua faixa etaria e seu estado de saude, inclusive dos que necessitam de atenc¢do especifica.”
(BRASIL, 2009b).

Quanto aos alimentos utilizados, as recomenda¢des do PNAE determinam a
“utilizacdo de pelo menos trés porgdes de frutas e hortalicas por semana” além de estabelecer
as propor¢des médias maximas de energia provenientes do agucar simples e das gorduras.
Além disto, pelo PNAE estao proibidas bebidas com baixo teor nutricional, ou alimentos com
quantidade elevada de sodio. Estes carddpios deverdo ser planejados, de modo a atender, em
média, as necessidades nutricionais estabelecidas pelo PNAE, que variam de 20% a 70% das
necessidades nutricionais diarias dos alunos, a depender da comunidade onde a Escola se
encontra ¢ do tempo de permanéncia dos alunos na mesma. Para isto, o PNAE destina a cada
entidade executora (escola) um montante de recursos financeiros que varia de R$ 0,30 a R$
0,90 por dia para cada aluno matriculado. (BRASIL, 2009b).

Dentre as alternativas que visam minimizar a fome e a desnutri¢do em nosso Pais, o
PNAE constitui-se em estratégia promissora. Através dele, a escola passou a servir a dois
propositos: o educar e o nutrir. Este sinergismo se faz mais evidente e necessario em locais
onde vivem criangas em situacdo de inseguranca alimentar. Estas, muitas vezes, vém a escola
atraidas pela alimentacdo fornecida. Para algumas delas a alimentagdo ali servida constituir-

se-a na sua unica refei¢ao daquele dia.
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No entanto, acreditar que o PNAE ¢ capaz de erradicar completamente a desnutri¢cao
infantil em nosso Pais ¢ ilusdrio e deve ser encarado como discurso politico, mesmo que em
determinadas regides de elevada pobreza, os efeitos nutricionais da oferta de merenda escolar
podem ser observados. Em estudo que avaliou as relagdes existentes entre o acesso a
alimentagdo escolar ¢ o estado nutricional de escolares no nordeste e sudeste do Brasil foi
verificado que a prevaléncia de desnutricdo era maior entre criangas que ndo freqiientavam
escolas ou que freqiientavam escolas que ndo forneciam alimentag¢do escolar, em relagdo as
que estudavam em escolas atendidas pelo PNAE (27,9% e 11,8%, respectivamente).
(BURLANDY; ANJOS, 1997). Desta forma, nao se pode ignorar que o PNAE tem importante
papel no controle dos distarbios nutricionais. Porém, o mesmo estudo demonstrou que a
focalizagdo do Programa ainda ¢ inadequada, uma vez que sua cobertura ¢ diretamente
proporcional a renda, ou seja, as populacdes com as maiores rendas tém mais acesso a oferta
de refeicoes.

Por todos estes motivos, principalmente pela sua importancia no contexto da
inseguranca alimentar e da desnutri¢do, a alimentag@o escolar necessita reavaliagcdes continuas
e precisas de sua qualidade nutricional. Assim, estudos que visem o seu aprimoramento se
tornam importantes, como o uso de ingredientes alternativos, de reduzido valor comercial,
como matéria-prima para o enriquecimento nutricional dos alimentos servidos.

Alimentac¢do alternativa ¢ definida como a “proposta de promover na dieta brasileira o
uso de alimentos tradicionais ¢ ndo tradicionais ricos em vitaminas € minerais, acessiveis a
toda a populacdo.” Dentre estes alimentos estdo os farelos, farinhas, folhas verdes, cascas (de
frutas, verduras e ovos), sementes, etc. (SANTOS et al., 2001). Porém, os efeitos teoricos
destes alimentos necessitam de adequada avaliacdo pratica, uma vez que nem sempre 0s
resultados in vitro obtidos sdo acompanhados dos efeitos in vivo esperados.

O maior exemplo deste tipo de alimentag@o ¢ a multimistura preconizada pela Pastoral
da Crianga da Conferéncia Nacional dos Bispos do Brasil (CNBB) ela também ganha amparo
do Programa de Combate as Caréncias Nutricionais do Ministério da Satde. (FARFAN, 1998;
SANTOS et al., 2001). Apesar da sua ampla utilizagdo em nosso Pais, o Conselho Federal de
Nutricionistas ¢ a Sociedade Brasileira de Pediatria desencorajam o uso desta alimentagdo
alternativa em programas de alimentagdo infantil e especialmente em programas emergenciais
de combate a fome. (CFN, 1996; TORIN; DOMENE; FARFAN, 1995). Recentemente, uma
pesquisa conduzida na Universidade Federal de Santa Maria demonstrou consideravel grau de
contaminagdo microbiologica, acima dos limites permitidos para alimenta¢dao infantil, em

cinqiienta por cento das amostras de multimisturas analisadas. (KAMINSKI, 2006a). Além
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disto, pode ser verificado que, devido a grande variedade de composi¢do quimica dos
diferentes tipos de formulagdes de multimisturas encontradas no Pais, nem todas servem
como fonte dos macronutrientes necessarios a recuperacao nutricional. (KAMINSKI, 2006b).

Outra estratégia adotada para tentar minimizar as conseqiiéncias da caréncia de
nutrientes, em especial micronutrientes como o ferro e zinco, sdo as varias alternativas de
suplementagdo utilizadas. Exemplos disto sdo o leite, o queijo e o pao enriquecidos com ferro,
e que sdo alimentos do cardapio diario da crianca. (CINTRA et al., 2002; FISBERG et al.,
1995; TORRES; SATO; QUEIROZ, 1995).

Além da fortificagdo alimentar, compostos especificamente desenhados para promover
a recuperacdo nutricional tem sido propostos. Tasca (2002), utilizando os formulados
nutricionais (F-75 e F-100) preconizados pela Organizacdo Mundial da Satde, observou
melhora significativa nos indices antropométricos, dos niveis de cobre e de zinco. Porém,
estes formulados dependem de ingredientes (leite em p6 desnatado, ac¢tcar, farinha de cereais,
oleo vegetal, minerais e complexo vitaminico) nem sempre disponiveis ou acessiveis a
populagdes de baixa renda.

Assim, a busca por co-produtos agroindustriais altamente nutritivos, mas de baixo
custo se tornou uma estratégia a ser implementada. Conforme a regido do Pais, diferentes
culturas agricolas sdo praticadas e, assim, diferentes co-produtos sdo originados durante o
processamento industrial. No entanto, produtos destinados ao consumo humano,
principalmente por populagdes em inseguranga alimentar, ndo podem ser subestimados quanto
a qualidade nutricional. As necessidades protéicas necessarias ao anabolismo intenso dos
seres em crescimento devem ser asseguradas. Além disto, uma oferta caldrica adequada
também deve ser assegurada.

A ingestdo excessiva de proteinas em fases precoces da vida pode estar relacionada
com o padrdo de desenvolvimento de adiposidade, aumentando o risco de obesidade futura.
(ROLLAND-CACHERA; DEHEEGER; BELLISLE, 1995;1999). Por outro lado, se o
consumo energético for inferior as necessidades, as células sdo forcadas a usar aminoéacidos
dietéticos para sintese de glicose e/ou energia, prejudicando o anabolismo protéico, tao
intenso e necessario nos seres em crescimento. (WHITNEY; CATALDO; ROLFES, 2002).

Além disto, o perfil aminoacidico da proteina ingerida também tem importancia vital
para a adequada sintese protéica, pois se um aminodcido indispensdvel apresenta-se deficiente
(chamado aminoécido limitante), entdo todos os demais aminoéacidos serdo oxidados. Isto
ocorre porque proteinas ndao podem ser parcialmente sintetizadas. Assim, como o0s

aminoacidos dietéticos seguem apenas duas rotas distintas, incorporacdo protéica ou
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oxidagdo, a falta de um aminoécido acarretara na parada da sintese protéica e na oxidagao dos
aminoacidos até entdo incorporados. (ELANGO; BALL; PENCHARZ, 2009).

Também a biodisponibilidade aminoacidica, ou seja, a propor¢ao de aminoacidos que
¢ digerida e absorvida em uma forma adequada para ser utilizada na sintese protéica tem
extrema relevancia nutricional. A técnica do Indicador de Oxidacdo de Aminoacidos tem sido
capaz de determinar esta biodisponibilidade dos aminoacidos dietéticos, sendo promissora na
defini¢do do verdadeiro valor biologico de diversas proteinas alimentares. (ELANGO; BALL;
PENCHARZ, 2008). Desta forma, a ingestdo de diferentes fontes protéicas alimentares
podera ser mais precisamente definida para uma adequada nutrigdo.

Utilizando conceitos originados na nutricdo animal, mas atualmente aplicados a
nutricdo humana, uma proteina ideal fornece o balango exato de aminodcidos capazes de
prover, sem deficiéncias ou excessos, as necessidades absolutas de todos os aminoacidos
necessarios a mantenga (ou manutengdo) e aumento maximo de proteina corporal.
(ZAVIEZO, 1998). Na pratica esta proteina nao existe, mas pode ser obtida pela formulacao
de uma combinagdo protéica que minimize os excessos de aminodcidos indispensdveis
juntamente com o nitrogénio protéico ndo-especifico. Isto reduz o uso de aminoacidos como
fonte de energia e reduz a excre¢do de nitrogénio para o meio ambiente. Além disto, a
otimizac¢do no fornecimento protéico e de aminoacidos torna a dieta menos dispendiosa, uma
vez que fontes protéicas de boa qualidade nutricional habitualmente sdo de custo elevado.

Concluindo, a busca por alimentos alternativos de baixo custo para serem utilizados
junto ao PNAE deve ser estimulada. No entanto, todos os aspectos nutricionais inerentes aos
alimentos devem ser rigorosamente considerados e avaliados. SO assim conseguiremos
proporcionar uma alimentacdo economicamente viavel e altamente nutritiva, assegurando as
necessidades protéico-energéticas tipicamente elevadas na faixa etaria infantil, principalmente
as criangas em inseguranca alimentar.

Com base neste contexto, varios questionamentos foram formulados pelo grupo de
pesquisa. Foram eles:

1. Qual o perfil da dieta ingerida por criancas que sabidamente vivem em

inseguranga alimentar em seus domicilios?

2. Qual o perfil da dieta servida pela escola que atende a estas criangas?

3. Quais co-produtos agroindustriais sdo amplamente disponiveis em nosso meio, €

que propriedades nutricionais eles detém isoladamente e em associagdo sob a

forma de um “mix”?
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Seria possivel utilizar este “mix” na elaboracao de alimentos visando o consumo
infantil?

Estes alimentos apresentariam custo financeiro viavel para utilizagdo como
suplemento da alimentagdo escolar?

Estes alimentos poderiam determinar efeitos benéficos sob o ponto de vista de
composi¢do corporal em criancas em inseguranga alimentar, sabidamente em risco
para disturbios nutricionais?

Poderiamos utilizar a técnica do indicador de oxida¢do de aminoacidos para
avaliar a biodisponibilidade metabolica de aminoacidos em alimentos completos,

em especial, nestes co-produtos?

Para respondermos a estes questionamentos planejamos cada etapa da pesquisa com os

seguintes objetivos especificos:

1.

Avaliar a ingestdo no domicilio de macro e micronutrientes especificos da dieta de
um grupo de criancas que sabidamente vivem em inseguranca alimentar;

Avaliar a oferta de macro e micronutrientes especificos na alimentagcdo servida
pela Escola que atende a este mesmo grupo;

Avaliar a quirera de arroz e o concentrado protéico de soja como possiveis co-
produtos a serem utilizados na formulacdo de um “mix” para utilizagdo em
alimentos a serem incorporados a alimentacao escolar.

Elaborar alimentos de reconhecida aceitacdo pelo publico infantil (bolos, paes,
polenta, massa de pizza, etc.) utilizando o “mix” em suas formulagdes e avalia-los
sensorialmente no grupo de criangas em inseguranca alimentar selecionado;
Avaliar os custos financeiros dos alimentos produzidos com o “mix” e
considerados aceitos pelo grupo de criangas em estudo;

Ofertar estes alimentos como complementos da alimentagdo escolar e avaliar os
efeitos nutricionais dos mesmos através de parametros e indices antropométricos
(P, E e IMC) e de composicdo corporal (massa magra e massa gorda) no grupo de
criancas em inseguranca alimentar selecionado;

Avaliar a aplicabilidade da técnica do indicador de oxidacdo de aminoacidos na

avaliacdo da biodisponibilidade metabolica da lisina do arroz.



2. RESULTADOS CIENTIFICOS

Os principais resultados desta tese encontram-se sob a forma de quatro Estudos
Cientificos, os quais serdo apresentados no decorrer deste documento. O primeiro deles foi
um Estudo Piloto que forneceu resultados preliminares importantes e que foram norteadores

para o planejamento e execugao dos outros trés estudos cientificos realizados.

2.1. Estudo cientifico 1

Estado nutricional de alunos de uma escola publica e perfil das dietas

ingeridas em seus domicilios e na Escola — Estudo piloto

Ivo Roberto Dorneles Prola, Leila Picolli da Silva.

Introducéo

O Programa Nacional de Alimentacdo Escolar — PNAE do Ministério da Educagdo
determina que “a alimentag@o escolar ¢ direito dos alunos e dever do Estado, e devera ser
promovida e incentivada com vistas ao atendimento de diretrizes estabelecidas” (1, 2).
Conforme as diretrizes, “a alimentacdo escolar deve fornecer no minimo 20% das
necessidades nutricionais didrias dos alunos que frequentam a Escola em periodo parcial” (1,
2). Desta forma, os 80% restantes das necessidades nutricionais diarias devem ser supridas
pelos alimentos ingeridos pelos alunos em seus domicilios.

Assim, este estudo piloto teve como objetivos gerais obter dados preliminares sobre:
1) Estado nutricional de um grupo de alunos que frequentam uma Escola publica participante
do PNAE; 2) Sobre o perfil das dietas por eles consumidas, tanto nos seus domicilios quanto
na Escola onde estudam; 3) Comparar os resultados relativos a ingestdo dos nutrientes com as

necessidades nutricionais preconizadas para a respectiva faixa etéria (3, 4).
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Justificativa

Este estudo foi realizado no intuito de obter dados preliminares que pudessem nortear
o planejamento e a execucdo de um estudo maior, de intervengdo nutricional, a ser

desenvolvido na mesma populagao de alunos.

Objetivos especificos

Foram objetivos especificos deste estudo piloto:

1. Avaliar o estado nutricional dos alunos através do IMC Z-escore;

2. Determinar o numero de refeicdes consumidas pelos alunos nos seus domicilios;

3. Identificar as refeigdes (desjejum, lanche e/ou jantar) consumidas pelos alunos nos
seus domicilios;

4. Identificar os alimentos mais consumidos pelo grupo de alunos nos seus domicilios,
a frequéncia de relato nos recordatorios alimentares e percentagem de adequagdo as
frequéncias esperadas;

5. Quantificar a ingestdo caldrica e de macronutrientes pelos alunos nos seus
domicilios, e determinar a percentagem de adequacdo a meta nutricional de 80% das
necessidades destes para criangas de 6 a 8 anos;

6. Quantificar a ingestdo de micronutrientes pelos alunos nos seus domicilios, e
determinar a percentagem de adequagdo a meta nutricional de 80% das necessidades destes
para criangas de 6 a 8 anos;

7. Identificar os cardapios servidos pela escola e verificar as respectivas freqiiéncias
mensais;

8. Quantificar a ingestdo caldrica e de macronutrientes pelos alunos na Escola, e
determinar a percentagem de adequacdo a meta nutricional de 20% das necessidades destes
para criangas de 6 a 8 anos;

9. Quantificar a ingestdo de micronutrientes pelos alunos na Escola, e determinar a
percentagem de adequacdo a meta nutricional de 20% das necessidades destes para criangas
de 6 a 8 anos;

10. Determinar a relagdo protéico-energética nas por¢des de alimento escolar

consumidas pelos alunos, de acordo com os cardépios;
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11. Determinar, de acordo com os cardapios escolares servidos, o escore de
aminoacidos nas respectivas por¢oes de alimento consumidas pelos alunos;
12. Confrontar os resultados do estado nutricional dos alunos selecionados com os

dados relativos a ingestdo diéria total de nutrientes.

Material e métodos

Local e populacéo do estudo

O estudo foi realizado em uma escola publica da cidade de Santa Maria, RS, Brasil.
Esta Escola foi escolhida de forma intencional por atender criancas oriundas do bairro local,
mas também criangas provenientes de uma comunidade carente proéxima. Esta comunidade ¢
caracterizada por familias cujos rendimentos financeiros originam-se em atividades de coleta
de lixo e do Programa Bolsa Familia do Governo Federal, e pela auséncia de esgoto e agua
encanada. Estas caracteristicas, baixo nivel socio-econdmico e auséncia de saneamento
basico, estdo fortemente associadas a inseguranca alimentar (IA) moderada e grave (5). Desta
forma, a inclusdo desta Escola propiciou incluir no estudo uma populagdo de alunos com risco
de viverem em [A. Para este estudo a populag@o alvo consistiu de criangas de ambos os sexos,
matriculadas no 1°, 2° ou 3° anos do ensino fundamental.

Este estudo foi aprovado pelo Comité de Etica da Universidade Federal de Santa
Maria, RS, Brasil (Protocolo n ° 23081.004360/2009-70; CAAE: 0052.0.243.000-09), e

autoridades escolares.

Amostra e amostragem

A amostra foi formada por alunos que responderam ao convite verbal e escrito. Os
alunos que, voluntariamente, decidiram aderir ao estudo necessitaram ter o "Termo de
Consentimento Livre e Esclarecido"”, assinado por seus pais ou responsaveis, € criangas com
mais de 7 anos de idade tiveram que assinar, também, o "Termo de Assentimento". A partir da
populagao de 72 alunos, 61 alunos concordaram em participar do estudo, compondo o grande
grupo amostral. A partir deste, 27 alunos (44% do grande grupo amostral) foram selecionados

por sorteio simples para comporem um subgrupo amostral. Este foi constituido de 15 meninos
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e 12 meninas, com idades entre 6 e 8 anos, e representando, de forma igualitaria, as trés

séries.

Avaliacdo nutricional

A avaliacdo nutricional foi realizada em sala designada pela propria Escola e consistiu
da coleta de dados referentes ao peso e estatura. Estas medidas foram obtidas com a crianga
usando o minimo de roupa possivel, descalca e de costas para a balanga. Para o peso (P; Kg)
foi utilizada balanca eletronica digital com precisao de 100 g (Modelo EB710, Glicomed®).
Para a estatura (E; m) foi utilizada a régua (precisdo de 0,1 cm) acoplada a balanga. As
medidas foram realizadas por uma enfermeira treinada para este fim. Com os valores de P ¢ E
foi calculado o indice de massa corporea (IMC; Kg.m?). A classificagio nutricional foi
realizada através do IMC Z-escore. Este foi calculado através do programa “Anthro Plus”
disponibilizado pela Organizagdo Mundial da Saude (8), sendo considerados os seguintes

critérios: Baixo peso: Z <—1; Peso normal: —1 <Z <+1; e Excesso de peso: Z > +1. (6).

Avaliacao das dietas

Dietas ingeridas nos domicilios

A avaliagdo das dietas ingeridas nos domicilios foi feita através do “recordatorio
alimentar de 24 h”, aplicados por duas nutricionistas treinadas, sendo cada aluno questionado
sobre os alimentos (e respectivas quantidades aproximadas) consumidos nas ultimas 24 h.
Para isto, as perguntas feitas a cada aluno foram: 1) “O que vocé comeu e/ou bebeu desde o
momento em que vocé deixou a escola no dia anterior?”’; 2) “O que vocé€ comeu e/ou bebeu
desde o momento em que vocé acordou hoje, até este momento?”.

Para fins de padronizacdo nas defini¢cdes, foram considerados 3 tipos possiveis de
refeicdes consumidas nos domicilios: 1) Desjejum (qualquer refei¢ao, independente do tipo de
alimento presente, consumida pelo aluno pela manha, ao acordar, e antes de vir para a Escola;
2) Lanche (refeicdo composta de um ou mais alimentos como paes, bolachas, frutas, leite,

café-com-leite, queijo e iogurte, consumidos pelo aluno apos chegar da Escola); e 3) Jantar
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(refeigdo composta de um ou mais alimentos como arroz, feijao, massa, carnes, polenta, ovo,
salada verde, batata frita e pizza, consumidos pelo aluno apds chegar da Escola).

Cada alimento relatado no recordatorio alimentar foi analisado quanto ao teor calorico
e quantidade de macronutrientes (carboidratos, HC; proteinas, Prot; lipidios totais, Lip; e
fibras totais, FT) e micronutrientes (vitaminas — A e C; minerais — Ca, Fe, e Zn) através do
programa “DietWin”. Os resultados quanto ao perfil nutricional das dietas foram comparados
com as recomendagdes nutricionais de referéncia para criancas de 6 a 8 anos de idade, sendo
considerado como “meta nutricional” o valor de pelo menos 80% destas recomendagdes. As
recomendacgdes utilizadas foram: 1) Para calorias: Requerimentos Médios Estimados — “EAR”
(3); 2) Para macro e micronutrientes: Ingestdo Dietética Recomendada — “DRI" (4).

Para avaliagdo dos dados referentes aos alimentos mais consumidos pelo grupo de
alunos nos seus domicilios, bem como da frequéncia de relato dos mesmos nos recordatérios
alimentares de 24 horas assumiu-se que cada aluno deveria relatar pelo menos 3 refeigdes: 1
desjejum, 1 lanche e 1 jantar . Assim, em 27 recordatorios esperavam-se 81 refeicOes
realizadas (=3 refei¢cdes/recordatorio), sendo que os alimentos consumidos no desjejum e no
lanche poderiam ser referidos 54 vezes (2x/dia), e os alimentos consumidos no jantar
poderiam ser referidos 27 vezes (1x/dia). Estas freqiiéncias de reletos foram consideradas
como “valores esperados” (100%) e serviram como referéncia para os célculos de adequagao

(%) das frequéncias de consumo relatadas.

Dietas ingeridas na Escola

Os cardapios foram avaliados durante sua producdo, na cozinha da Escola, sendo
quantificados todos os ingredientes utilizados, bem como o peso final dos alimentos prontos.

Foram avaliados o teor calorico e a quantidade de macronutrientes (carboidratos, HC;
proteinas, Prot; lipidios totais, Lip; gorduras saturadas, GSat; e fibras totais, FT) e de
micronutrientes (vitaminas — A e C; minerais — Ca, Fe, Zn e Na) dos alimentos presentes
através do programa “DietWin”.

Para a relagdo protéico-energética, foi considerada adequada quando 10 — 30% das
calorias totais didrias consumidas foram fornecidas pelas proteinas da dieta. (4).

Quanto aos aminoéacidos (AA), o escore de aminoacidico (mg AA / g proteina) foi
calculado pelo programa “DietWin”. Como este programa ndo possui em seu banco de dados

os valores de AA para os alimentos, estes valores foram inseridos utilizando-se como fonte de
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referéncia a tabela de composi¢ao quimica de alimentos “USDA National Nutrient Database
for Standard Reference” (7).

Através das pesagens individuais dos pratos (antes e depois da ingestdo dos alimentos)
as quantidades médias de macro e micronutrientes ingeridas pelos alunos foram determinadas.
Estes resultados foram comparados com as recomendacdes nutricionais de referéncia para
criancas de 6 a 8 anos de idade (Calorias: FAO/WHO/UNU, 2004; demais nutrientes: DRI,
2002/2005), sendo considerado como “meta nutricional” o valor de pelo menos 20% destas
recomendacdes. Para o escore de AA foi utilizado como referéncia o escore para criangas de 3

a 10 anos (9).
Resultados

Os resultados referentes ao estado nutricional dos alunos encontram-se na tabela 1. Os
resultados referentes a avaliagdo das dietas consumidas nos domicilios encontram-se nas
tabelas 2 a 6. Os resultados referentes a avaliagdo das dietas consumidas na Escola

encontram-se nas tabelas 7 a 11.

Tabela 1. Estado nutricional dos alunos estudados.

IMC Z-escore Meninos Meninas Total (%)
Z <-1 1 1 2(8)
-1<7Z <+1 8 5 13 (54)
Z > +1 3 6 9 (38)
Total 12 12 24

Tabela 2. Numero de refeigdes consumidas pelos alunos nos seus domicilios.

N° de refeigdes Meninos Meninas Total Total Cumulativo
N N N (%) N (%)
1 refeicao 1 3 4 (15) 4 (15)
2 refeigoes 7 6 13 (48) 17 (63)
3 refei¢des 7 3 10 (37) 27 (100)
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Tabela 3. Tipo de refei¢ao consumida pelos alunos nos seus domicilios.

Tipo de refeicdo

Desjejum Lanche Jantar

N (%) N (%) N (%)

Sim 23 (85) 11 (41) 26 (96)
Néo 4 (15) 16 (59) 1(4)

Tabela 4. Alimentos mais consumidos pelo grupo de alunos nos seus domicilios, frequéncia
de relato nos recordatorios alimentares e percentagem de adequacao as frequéncias estimadas.

Frequéncia
Alimentos Relatada Esperada' Adequacio
Q) M) (%)
1. Arroz com feijdo, ou arroz ou
massa ou feijio ou lentilha’ 32 27 119
2. Pdo ou bolacha® 27 54 50
3. Carne ou ovo’ 23 27 85
4. Leite ou iogurte’ 20 54 37
5. Frutas’ 16 54 30
6. Folhas verdes (salada)’ 7 27 26

! (nimero total de refei¢des assumido como provavel de conter os alimentos do respectivo grupo)
? (alimentos relatados como consumidos no jantar)
3 (alimentos relatados como consumidos no desjejum e/ou lanche)

Tabela 5. Ingestdo calorica e de macronutrientes pelos alunos nos seus domicilios, e
percentagem de adequacio a meta nutricional.

Calorias HC Prot FT
(kcal) 2 2 2

Média + DP? 749 + 334 90 + 38 36+ 16 10 £40
Adequacio (%) 60 86 239 52

" (calorias: > 1250 kcal; HC: 104 g; Prot: 15,2 g; FT: 20 g correspondendo a 80% da média das recomendagdes
diarias para criangas de 6 a 8 anos; calorias: FAO/WHO/UNU, 2004 ; demais: “DRI”, 2002/2005)
% (DP = desvio padrio)



27

Tabela 6. Ingestdo de micronutrientes pelos alunos nos seus domicilios, e percentagem de
adequagio & meta nutricional',

Vitaminas Minerais (mg)
A (ug) C (mg) Ca Fe Zn
Média + DP? 199 + 184 17 £29 225+186 59+25 6,3+3,8
Adequacio (%) 62 85 35 74 158

' (vitamina A: 320 pg; vitamina C: 20 mg; Ca: 640 mg; Fe: 8 mg; Zn:4 mg correspondendo a 80% da média das
recomendacdes diarias para criancas de 6 a § anos conforme “DRI”, 2002/2005)
% (DP = desvio padrio)

Tabela 7. Cardéapios servidos pela escola e respectivas freqiiéncias mensais.

Cardapios Composicdo N° de dias'
1 Arroz branco com feijdo preto e omelete 2
2 Arroz branco com molho de tomate e salsicha 2
3 Canjica de milho com leite 2
4 Mingau de chocolate com bolacha doce 2
5 Banana caturra 4
6 Polenta de milho com guisado 2
7 Sopa de arroz, legumes e frango 2
8 Risoto de frango 2
9 Massa com guisado 2

' (em 20 dias letivos por més)

Tabela 8. Consumo médio de calorias e macronutrientes por por¢do de alimento escolar
consumido em relagdo as recomendagdes do PNAE para criangas de 6 a 10 anos.

Calorias HC Prot Lip GSat FT
(keal) (2 (2 (2 g) (2)
Recomendacdes - PNAE*
300 48,8 9,4 7,5 <3,3¢g/d 54
Média/porgdo 213,92 30,91 7,79 4,99 1,85 1,46
Adequacio (%) 71,3 63,3 82,9 66,5 100 27,0

*(20% necessidades diarias)
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Tabela 9. Consumo médio de micronutrientes por por¢ao de alimento escolar consumido em
relacdo as recomendacdes do PNAE para criangas de 6 a 10 anos.

Vitaminas Minerais (mg)
A(ug) C(mg) Ca Fe Zn Na
Recomendacdes - PNAE*
100 7 210 1,8 1,3 <393
Média/porgao 44 3.4 44 1,1 1,3 302,3
Adequacio (%) 44,0 48,9 20,9 61,7 100 100

*(20% necessidades diarias)

Tabela 10. Relagdo protéico-energética nas por¢des consumidas de acordo com os cardapios.

Cardapios Calorias (kcal) Proteinas (g) % VET
1 290,2 13,7 18,8
2 289,2 6,9 9,5
3 153,9 3,6 9,4
4 348,2 7,6 8,7
5 121,0 1,5 5,0
6 139,8 7,9 22,6
7 87,3 4,3 19,7
8 196,5 5,9 12,0
9 299,0 20,3 27,2
Média 213,9 8,0 14,8
DP 88,7 5,4 7,1
Minimo 87,3 1,5 5
Méximo 348,2 20,3 27,2
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Tabela 11. Escores de aminoacidos' nas por¢des de alimento escolar consumidas pelos alunos
conforme o tipo de cardépio.

Escore de aminoacidos

Trp Thr Ile Leu Lys Val His  PhetTyr Met+Cys

Recomendacéo - OMS

6,6 25 31 61 48 40 16 41 24

Cardapio 1 12,4 41,8 474 82,6 648 59,7 258 87,3 38,7
Cardapio 2 10,5 37,5 395 73,9 58,9 49,7 26,5 73,2 37,1
Cardapio 3 13,0 43,8 57,9 102,7 723 651 275 95,7 35,4
Cardapio 4 7,7 24,8% 332 539*% 435% 36,8*% 14,9% 53,1 18,9*
Cardapio 5 8,3 25,7 25,7% 62,5 459*% 432 70,8 53,3 15,6*
Cardapio 6 4,7* 377 428 859 719 494 312 17,0* 7,3%
Cardapio 7 8,3 39,0 394 674 61,8 449 23,6 67,0 35,6
Cardapio 8 10,2 38,2 43,7 794 594 539 264 79,9 39,7
Cardépio 9 7,2 35,5 43,6 757 64,1 482 27,7 28,0* 16,2*
Média 9,1 36,0 41,5 76,0 603 50,1 30,5 61,6 27,2
DP 2,6 6,6 9,0 142 10,0 8,6 15,7 26,4 12,5

*(Escore AA inferior ao recomendado)

Conclusoes

Este estudo piloto nos permitiu concluir que:

1. Dos alunos avaliados, 38% apresentavam excesso de peso;

2. Quanto ao numero de refeigdes ingeridas no domicilio, 63% dos alunos consumiam
no maximo duas refei¢des por dia;

3. Dos 27 alunos estudados, 4 ndo ingeriam alimentos antes de irem para a Escola;

4. “Arroz com feijao” foi o alimento mais relatado no “jantar” e, algumas vezes,
também no “desjejum” e/ou no “lanche”, o que determinou uma frequéncia superior (= 32
relatos) a frequéncia esperada (= 27 relatos); por outro lado, a frequéncia de relatos de “pao
ou bolacha” nas refei¢des atingiu apenas 50% do numero de relatos esperado, demonstrando
nao haver consumo exagerado destes alimentos entre as criangas avaliadas; da mesma forma,
observou-se uma frequéncia muito baixa quanto ao relato de frutas, verduras e laticinios nos

recordatorios;
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5. A ingestdo protéica nos domicilios excedeu em 139% a meta recomendada; para os
demais nutrientes (HC e FT) e calorias, a meta nutricional didria de 80% das necessidades ndo
foi atingida;

6. A ingestdo de micronutrientes (vitaminas A e C, Ca e Fe) nos domicilios ndo
atingiu a meta nutricional de 80% das necessidades;

7. A Escola possui 9 cardapios planejados e elaborados pela merendeira, € que sdo
repetidos de forma sequencial ao longo do més; um deles ¢ composto de apenas uma fruta
(banana);

8. Os escores de aminoacidos nas por¢des de alimento escolar foram inadequados em
4 dos 9 cardapios servidos, apresentando deficiéncia de 2 a 6 aminoacidos nestes alimentos;

9. A relagdo protéico-energética nas porgdes consumidas pelos alunos foi inadequada
(menos de 10% das calorias como proteinas) em 4 dos 9 cardapios servidos;

10. Exceto em relacdo a ingestdo de GSat, o consumo médio de calorias e
macronutrientes por por¢do de alimento escolar consumido foi menor que o recomendado
pelo PNAE;

11. Exceto em relagdo a ingestdo de Zn e Na, o consumo médio de vitaminas A e C,
bem como Ca e Fe por por¢ao de alimento escolar consumido foi menor que o recomendado
pelo PNAE;

12. A despeito da baixa ingestdo de calorias, HC e Lip, tanto nos seus domicilios
quanto na Escola, observamos uma alta prevaléncia de excesso de peso nos alunos avaliados.
Uma vez que a ingestdo protéica nos domicilios excedeu em mais que o dobro o
recomendado, e foram detectadas inadequag¢des aminoacidicas e energético-protéicas nos
cardapios escolares, estes achados podem estar relacionados com o excesso de peso observado

no subgrupo amostral de alunos.

Concluséao geral

Este estudo piloto foi capaz de identificar inadequagdes na ingestdo de
macronutrientes (exceto proteinas) e de micronutrientes (exceto Zn) pelas criangas nos seus
domicilios. Além disto, detectou inadequagdes também nos cardapios servidos pela Escola,
tanto quanto ao seu perfil nutricional quanto nas por¢des consumidas pelos alunos.

Este estudo demonstrou, também, uma alta prevaléncia (38%) de excesso de peso

entre os alunos estudados, a despeito da baixa ingestao caldrica, de carboidratos e de lipidios.
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A ingestdo protéica excessiva nos domicilios associada as inadequagdes aminoacidicas e
energético-protéicas observadas em metade dos cardapios escolares podem ter influenciado
este achado.

Assim, no subgrupo amostral estudado, a despeito do que supde o PNAE, a qualidade
e a quantidade dos alimentos consumidos pelos alunos nos seus domicilios foram
insuficientes para prover os 80% de suas necessidades nutricionais. Similarmente, a
alimenta¢do escolar avaliada foi insuficiente para prover os outros 20% das necessidades

nutricionais diarias necessarias.
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Abstract

The search for new food sources for human nutrition is a concern worldwide. The use
of agro industrial by-products is considered a promising strategy. However, the nutritional
profile of the nutrient sources must be carefully assessed, mainly when we are dealing with
growing children, with critical nutritional requirements. For them, both protein-energy ratio

and amino acid score (AA score) of the protein provided are crucial. This study presents a mix
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formulated with two ordinary agro industrial by-products, soy protein concentrate (SPC) and
broken rice (BR), and proposes some examples of foods made with the mix. Based on the
results, the 1:3 ratio of SPC flour to BR flour was defined as the best one, showing good
culinary properties, presented high protein content (19.5g.100") and the highest AA score
(118%). The mix obtained was tested in five different recipes of muffins which were
sensorially evaluated by a group of children. All the recipes made with the mix were very well
accepted, presented the AA score considered appropriate for children from 4 to 18 years of
age, and were up to 24% less expensive than the original recipes. Based on the results, the
mix developed showed to be nutritious, and can be used as ingredient of foods for nutritional
interventions, especially for children with high nutritional requirements.

Keywords: broken rice, soy protein concentrate, amino acid score.

Introduction

Many children around the world do not have food in quantity or frequency to meet
their nutritional needs [1]. A possible strategy to relieve this reality is the use of alternative
low-cost foods which could be widely distributed to these populations. The agro industrial by-
products originating from the food industry can be considered a promising strategy. However,
the alternative diets should be based on palatable products, easily accessible, inexpensive and
with an adequate nutritional profile to pediatric patients.

In this population whose nutritional requirements are high, both protein-energy ratio
and amino acid (AA) score of the protein supplied are of primary relevance. Then, the protein
source used must be based on the ideal protein concept. In other words, the protein must
contain the exact balance of AA capable of providing, without excesses or deficiencies, the
absolute requirements of AA that are necessary for growth and body protein increment [2].
However, high nutritional quality protein sources are usually of animal origin and, therefore,
expensive [3]. This fact precludes their use in large scale when the aim is feeding the poor in
developing countries. On the other hand, the appropriate vegetable protein sources
combination may originate a mix with better nutritional profile than its precursors and AA
score closer to the protein scores considered optimal [4].

One of the issues faced when vegetable protein sources are used to replace the animal
ones is the ideal amount necessary to meet nutritional requirements, especially those related to

protein, AA and energy needs [3]. Thus, the search for alternative low-cost foods which, in



34

small amounts, can provide high protein content, adequate AA profile and sufficient calories
to protein synthesis is urgently needed. In this context, soybean (Glycine max (L.) Merrill)
and rice (Oryza sativa L.) are expressive cultures in many parts of the world [5] and their by-
products, soybean protein concentrate (SPC) and broken rice (BR), are of low cost but of high
nutritional value.

The SPC is derived from defatted peeled soy grains and by the partial removal of
carbohydrates. The resulting meal presents a high protein and fiber content, but low in
carbohydrates and fats [6]. The BR arises during the processing of rice [7]. It is a source of
carbohydrates, energy and AA [6]. Although it is scorned for human consumption, it is widely
used in animal nutrition [8, 9] due to the unchanged nutritional characteristics of the grain and
its low cost. Soybean is deficient in sulfur AA (methionine) [10]. Rice, like all cereals, has
lysine as the limiting AA [11]. However, the combination of these two ordinary by-products
in appropriate proportions can lead to a high protein supplement, with better AA profile and
adequate energy content.

The objective of this study was to use SPC and BR as a high protein mix with AA
profile suitable for the pediatric age requirements. Moreover, we aimed at: 1) comparing the
mix to other protein sources; 2) using the mix in the formulation of palatable foods for

children; and 3) assessing the acceptability and costs of the experimental foods.

Material and methods

This study was approved by the Ethics Committee in Research of Universidade
Federal de Santa Maria - UFSM/Brazil (Process No.: 23081.004360/2009-70; CAAE:
0052.0.243.000-09).

Study population

The “sensory acceptability tests” were applied to a group of students aged 6 to 11
years old, enrolled in the 1st, 2nd or 3rd year of elementary school from a local public school
of the Santa Maria city, RS, Brazil. This school serves children from different socio-economic
conditions, including children from a nearby low-income community.The sample was formed

by the students who responded to the written and spoken invitation. The students who



35

voluntarily decided to take place in the “Sensory Acceptability Tests” needed to have the
“Informed Consent” signed by their parents or guardians. Children older than 7 years had to
sign the “Express Consent”, also. Students with positive history of allergy to soy protein

products were considered ineligible for the tests.

Formulation of the mix

The mix was developed using SPC flour (Imcosoy ® 60, Imcopa Industry, Import and
Trade Parand - Araucaria / PR) and BR flour (Marzari Food, Santa Maria - RS). The SPC
flour and BR flour were previously assessed for chemical composition (crude protein, method
960.52, conversion factor: 6.25; total fiber, method 985.29; insoluble fiber, method 991.42;
lipids, method 920.39 with acid hydrolysis; ash, method 923.03; and moisture, method
925.10) according to the official methods of analysis recommended by the AOAC [12]. The
carbohydrate content was obtained by difference (100 - (protein + fat + total fiber + ash +
moisture)). In the calculations of the energy content, the caloric values used were 4 kcal.g™' of
carbohydrate or protein, and 9 kcal.g™ of lipid [13].

For the mix formulation, the AA score present in the SPC flour and BR were
compared to the AA score for children from 3 to 10 years old (assumed as the reference AA
score in this study), since it presents the highest AA requirements recommended by the WHO
(2007) [14]. Then, it can be extrapolated to boys and girls aged from 10 to 18 years, as well as
for adults, who have smaller AA requirements. Different ratios between the SPC flour and BR
flour were tested, aiming at achieving the best AA profile in comparison to the reference
score. Since the SPC has higher cost and more pronounced flavor in relation to the BR flour,
the amount of SPC in the mixture was tried to be as low as possible.

After getting the ideal mix, it was compared to other dietary protein sources
commonly used in infant feeding regarding the AA score (AAS), True Protein Digestibility
(TD), Protein Digestibility Corrected Amino Acid Score (PDCAAS), and Corrected Protein
Intake (CPI). The daily amount of the dietary protein sources to fulfill the AA and protein

requirements of the pediatric age group was also a concern.

Formulation of the experimental diets
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Eight alimentary preparations recipes widely accepted by Brazilian children were
reformulated using the mix in order to produce the experimental diets. In two salt food recipes
(vegetable pie, and pasta with tomato sauce), and in four muffin recipes (vanilla muffin,
chocolate muffin, carrot muffin and honey muffin), the wheat flour was completely replaced
by the mix. In one salt food recipe (polenta with ground beef), and in one muffin recipe (corn

muffin), the corn flour was only partially (55%) replaced by the mix.

Sensory acceptability tests

The experimental diets were evaluated through sensory acceptability tests. Each food
was assessed in a particular day and totally random. The tests were performed in the school
cafeteria, using an adaptation (change in pictures’ sequence) of the Facial Hedonic Scale
(Figure 1) recommended by the Brazilian National School Feeding Program — BNSFP [15].
As recommended by the BNSFP, the experimental diet was considered "accepted" when the
positive responses percentage to the options "I liked it very much" or "I liked it" was 85% or

more. Otherwise, it was considered "rejected".

Amino acid score in experimental diets

The indispensable AA profile of each accepted diet was assessed by High Performance
Liquid Chromatography — HPLC (hydrolysis by 6 N HCI; precolumn derivatization of free
amino acids with phenylisothiocyanate (PITC); derivatives separation by C18 reverse-phase
column (Pico-Tag - 3.9 x300 mm); UV detection at 254 nm). The AA score determined in
the experimental diets were compared to the AA pattern found in the same foods if,
theoretically calculated, they had been made with the usual flours: wheat flour or corn flour.
For these foods, considered the reference preparations, the AA pattern were estimated for
each ingredient and respective amount in the formulation, using the AA data published in the
"USDA National Nutrient Database for Standard Reference" [16]. For the SPC, we used the
mean value of each indispensable AA in the product Imcosoy 60 ®, according to the industry

information.
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Cost of experimental diets

The experimental diets considered as “accepted” by the children were analyzed
concerning their costs, based on current prices charged on the local trade at the time of the
study (Santa Maria, RS, Brazil; July, 2010). The price represents the median value (minimum

— maximum value; between brackets) of $/1000 units of 50 g each and was expressed in USS.

Results and discussion

In this study we demonstrated the feasibility of using two agro industrial by-products,
SPC and BR, widely available in many world regions [5]. These products, in isolation, have
limited nutritional profile for human consumption. However, when they were associated in
appropriate proportion, a third product (mix) was created, with highly nutritious profile. It has
to do with the high protein concentration (22.9% of calories) and the amino acid balance
present in the mix, which are considered crucial for the proper utilization of the protein
provided by the diet [17]. Furthermore, as the mix is gluten free and lactose free, it can be
consumed even by children who have dietetic restrictions to these nutrients.

Despite the fact that soybean is considered deficient in sulfur AA (methionine) [10] ,
the average AA content (reported by the industry) in the SPC determined an AA score of
125%. However, this product could not be used alone in the preparations due to: 1) the
peculiar flavor of soy; 2) not being able to fully replace the flour in preparations for human
consumption; 3) having higher cost in relation to BR. The addition of BR flour, in turn, even
showing a low lysine content, aimed to minimize the unpleasant soy taste, make the mix a
wheat flour feasible substitute in foods, and reduce the mixture cost. Concerning all the above
mentioned factors and mainly the AA score desired, the 1:3 ratio of SPC flour to BR flour
was defined as the best one (Table 1). This ratio resulted in a mixture with high protein
(22.9% of calories) [18] and fiber, but low fat (4.2% of calories) contents, being useful even
for children with dislipidemia. This protein level was far higher than some ordinary protein
sources as wheat flour, and rice and beans mixture (Table 2).

The 1:3 ratio determined a caloric density of 84 non-protein calories.g™ of nitrogen
(N) to the mix, which is typical of hyper proteic diets [18]. Since it has low fat content (4.2%

of calories) [18], far below the recommended limits for children and adolescents (25-35% of
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calories) [19], foods made with the mix can be enriched with additional fat, adding extra
calories to the preparations as much as needed.

Concerning the AA score, of paramount importance in children's diets, the mix
resulting scores were similar to the traditional beans and rice mixture, and superior to the
scores found in wheat flour and rice flour alone (Table 2). Despite the relatively low TD in
the mix, the PDCAAS, which is recommended [14] for protein quality classification, was far
superior to the PDCAAS presented by wheat flour and rice flour, but similar to the PDCAAS
of the beans and rice mixture. Thus, like the beans and rice mixture, the protein requirements
and the CPI for the mix were the same. For wheat flour and rice flour, however, the protein
amount needed to meet the requirements was 2.3 and 1.6 times higher, respectively. Then,
56% (1.3g.kg™.d") of proteins derived from wheat flour and 36% (0.6g.kg™.d™") of rice flour
proteins would be considered excessive, causing unnecessary costs, and might lead to renal
overload and fat synthesis.

Adding to this, the weight of mix required for the daily AA and protein requirements
contemplation is 4-5 times lower than the amount of the other foods cited as comparative
references. This fact is crucial in nutritional interventions aimed at children, since the food
supplemented volume determines not only the acceptance, but its cost. Of the eight tested
formulations, all the sweet preparations were accepted (Table 3). However, only one salt
preparation (pasta with tomato sauce) was approved. These results demonstrated the studied
children group preference for sweet preparations (97% approval) in relation to salt
preparations (76% approval). It means that the food type to be supplemented in nutritional
strategies aimed at children is of remarkable importance.

In table 4, we see the experimental foods nutritional profile (fiber, carbohydrates,
proteins and lipids) which were approved by the students. These foods contained 5 to 6% of
dietary fiber (being 50% of the insoluble fraction) that represents around 15-20% of the needs
for children 4-13 years [20]. The lipid content was within the recommended limits for the age
range [20]. Two foods (honey and vanilla muffins) showed a higher percentage of
carbohydrates than recommended, but this fact has to do with the low concentration of fat in
them. According to Torun et al [21], “the protein/energy ratio (P/E ratio) is often used to
describe the diet protein quality. It is usually expressed as the protein energy percentage in the
diet, that is, the ratio of protein energy to total dietary energy, where 1 g protein provides 4
kcal. The P/E ratio most important application is to evaluate if a diet has a dietary protein
proportion that may prevent protein deficiency. To suggest P/E ratios that may be universally

applied to heterogeneous populations diets of different geographic and socioeconomic
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backgrounds, it is better to overestimate the protein proportion that the diet should have, than
to risk suggesting a P/E ratio that may be too low for some populations.

This way, the safe lower limits suggested for P/E ratios for any diet consumed by the
general population and for high protein digestibility diets should be 12% and 10%,
respectively. As for protein content, all foods were within the recommended values (10-30%
of total calories) [20]. Besides the diet protein content, the AA balance is also important in
defining the protein supplied quality and, consequently, the protein synthesis [17]. The
chemical analysis of the experimental diets formulated with the mix (Table 5) showed that all
of them had an AA score that fulfill the pediatric group recommendations (> 100% of
adequacy to AA score of reference) [14]. On the other hand, if they had been formulated with
the usual flours (wheat or corn flours), the percentage of adequacy of the AA score to the AA
score of reference would have been 75% or lower. Moreover, in three of the preparations
made with the usual flours, lysine was the limiting AA leading to a very low AA score
(around 50%). Thus, we can assume that only half of the AA ingested through food products
made with the usual flours would be metabolically available for protein synthesis.
Consequently, the remaining AA would be considered excessive and, then, diverted to
oxidation. This fact would result in lower nutritional anabolic effects and nutrient losses.

Finally, the costs of the experimental diets were evaluated and compared to the values
of the same formulations if they had been prepared with the original flours. The median price
of the experimental foods was US$ 41.15 (US$ 35.50 — 68.50) / 1,000 units when they were
made using the mix. When they were made with the regular flours, the median price was US$
54.15 (US$ 45.00 — 79.30) / 1,000 units. There was an average reduction of 18% in
experimental diets cost. For the vanilla muffin formulation, the cost was 24% lower. These
findings are of relevance when the goal is government's programs against hunger and
malnutrition, especially in less developed countries.

In conclusion, the use of alternative food in nutritional programs is widely applied by
many countries, especially by those with large proportion of the child population living in
food insecurity. Alimentary formulations considered well accepted by the pediatric age group,
with appropriate P/E ratio and AA balance are to be desired. In this study, it was possible to
demonstrate that the proper combination of soy protein concentrate and broken rice flours can
originate a mix with high protein content and adequate AA profile. Furthermore, we showed
that the mix obtained can be used in low price nutritious muffins which were also very well

accepted by the selected group of children.
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Mark an "X" on the face that best rebresents vour opinion about the food vou are about to eat.

w ©®®® 6
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I liked it very much! Iliked it! I did not like nor dislike it! I did not like it! I hated it!

Figurel. Facial hedonic scale used in the sensory acceptability tests.

Table 1. Chemical composition of the mix.

Chemical composition

Mix (1:3)

Macronutrients (g.100g™)" Protein
Fat
Total fiber

Carbohydrates
Amino acids Score (%)3

Caloric density” Kcal.100g™

NPC:N ratio’

19.5

1.6

6.8

62.0

118

340.4

84.1

!(the values used in the calculations for the SPC: were based on the average values reported by the industry; for
the BR: were based on the values published by the USDA National Nutrient Database for Standard Reference;
all macronutrients in SPC and BR were confirmed by measurements using the techniques recommended by

AOAC)

*(based on the average values reported by industry for the SPC, or contained in the USDA National Nutrient

Database for Standard Reference, for BR)
3(as WHO/2007, for children 3-10 years)[14]

#(4 keal.g™" carbohydrate or protein, and 9 kcal.g”' lipid; N g = 6.25.¢”" protein)

*(Non-protein calories / g nitrogen)
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Table 2. Characteristics of the protein in the mix and the daily weight of the mix to fulfill
100% of the AA requirements in relation to other usual sources of food proteins here used as
comparative references.

Characteristics of protein Daily

Protein sources Protein AAS TD PDCAAS CPI weight

(g100g) (%) (%) (%) (gkg'.d') (gkg'.d?)

Mix 19.5 118 94 100 1.0 5.1
Wheat flour 10.3° 46" 96 44 2.3 223
Rice flour 6.0° 737 88 64 1.6 26.7
Rice & beans (2:1) 4.5 119° 97 100 1.0 22.2

(AAS - amino acid score, considering 100% the values for children 3-10 years according to WHO/2007; TD -
True Protein Digestibility, according to WHO 1985; PDCAAS - Protein Digestibility Corrected Amino Acid
Score = AAS x TD; CPI - Corrected Protein Intake = requirements (g.kg".d™") + PDCAAS; daily weight -
amount of mix to fulfill the recommendations of 1 g.kg™'.d" for children 4-13 years according to RDA - DRI
2002/2005)

*(according to USDA National Nutrient Database for Standard Reference )

Table 3. Acceptance of the experimental diets according to the sensory acceptability tests.

Acceptability tests
Experimental diets Acceptance Rejection Number of test
N (%) N (%) N (%)
Vegetable pie 48 (67) 24 (33) 72 (100)
Vanilla muffin 35(97) 1(3) 36 (100)
Chocolate muffin 34 (94) 2(6) 36 (100)
Polenta with ground beef 26 (84) 5(16) 31 (100)
Corn muffin 39 (91) 4(9) 43 (100)
Carrot muffin 73 (100) 0(0) 73 (100)
Pasta with tomato sauce 36 (86) 6 (14) 42 (100)

Honey muffin 55 (100) 0 (0) 55 (100)
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Salt foods 110 (76) 35(24) 145 (100)
Sweet foods (muffins) 236 (97) 7(3) 243 (100)
Total 346 (89) 42 (11) 388 (100)

(Acceptance = "I liked it very much" or "I liked it"; Rejection = "I did not like nor dislike it", "I did not like it" or

"I hated it")

(N = number of panelists)

Table 4. Chemical analysis and caloric density of the experimental diets.

Chemical composition

Caloric distribution

(g.100g™) (%)
Diets
(muffins) CH Prot Fat TF IF SF As Mo DM CH Prot Fat
Honey 476 85 39 56 3.7 19 1.6 328 672 73.4  13.1 135
Chocolate 403 7.5 6.1 5.8 23 34 1.7 38.7 613 65.6 122 222
Vanilla 436 86 32 48 1.7 3.1 1.6 38.1 619 734 145 122
Carrot 392 7.6 10.8 5.6 3.6 1.9 1.6 353 64.7 55.1  10.7 342
Corn 410 72 90 53 24 29 14 36.1 639 59.9 10.5 29.6
Mean 410 76 6.1 56 24 29 1.6 36.1 639 65.6 122 222
SD* 34 06 33 04 09 0.7 0.1 24 24 8.1 1.7 9.7

(CH - carbohydrates; Prot - protein, TF - total fiber, IF - insoluble fiber; SF - soluble fiber; As - ashes; Mo -
moisture, DM - dry matter).
*Standard deviation
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Table 5. Percentage of AA score adequacy of the diets in relation to the reference AA score,
depending on the type of recipe used.

Indispensable AA

Phe+Tyr His Ile Leu Lys Met+Cys Thr Trp Val

Diets (muffins) 41* 16t 31 61t 48 24" 25 66" 40

Honey  Mix 229 165 148 135 124 138 161 178 126
Wheat flour 205 145 129 123 71 159 124 192 114
Chocolate Mix 228 164 143 132 119 137 159 174 121
Wheat flour 197 139 113 113 48 163 110 187 102
Vanilla  Mix 229 165 150 136 125 138 162 179 127
Wheat flour 206 146 132 124 75 158 126 193 117
Carrot Mix 228 164 143 132 119 137 158 174 121
Wheat flour 197 139 112 113 48 163 110 187 102
Corn Mix > 226 170 136 148 105 143 156 158 122

Corn flour 205 158 113 144 51 163 124 158 110

"Reference AA score — WHO/2007 for children 3-10 years
% 55% mix + 45% corn flour
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Abstract

The search for adequate alternative protein sources to feed people is an actual need. In

this study we demonstrated that the use of low cost agro industrial by-products as soy protein
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concentrate and broken rice in the formulation of alternative foods for children is possible.
For the formulation of the experimental foods, besides the energy and protein contents, the
amino acid balance was of main concern. Then, the 1:3 ratio of soy protein concentrate and
broken rice originated a mix with high protein content and adequate amino acid score. The
foods produced with the mix were widely accepted (acceptance = 97%) for consumption by
the group of children studied and provided up to 23% of the caloric and amino acid
requirements for a child. Using the sensitive technique of bioelectrical impedance analysis for
nutritional assessment, it was possible to detect the effects of these foods on body
composition of the participating children as significant increase in fat-free mass and reduction
in fat mass, especially among the children with nutritional problems.

Keywords: food supplement, broken rice, soybean protein concentrate, by-products, amino

acid balance.

Introduction

It is estimated that 847 millions of people around the world are undernourished, i.e.,
nearly a billion people remain hungry (1). The use of alternative foods that may be widely
distributed to populations in need is considered a promising strategy to alleviate the hunger in
the world. In this sense, foods made with regional alternative products have been tried in
different programs against hunger, despite some criticism about them (2, 3, 4). When the
target population in need consists of growing children, whose nutritional requirements are
high, the type of food to be consumed must be based not only on low-cost palatable products,
but also on the nutritional profile of the foods provided (5).

Besides the protein-energy ratio, the amino acid (AA) balance (or score) of the protein
supplied is extremely important for growing children (5). The ideal protein has to provide the
exact amount of each indispensable AA in order to fulfill the absolute AA requirements for
growth and body protein accretion (6). However, good nutritional quality protein sources are
usually of animal origin (5) and, then, expensive. This fact prevents its wide use to feed the
poor in many countries (5). However, the appropriate combination of two different vegetable
protein sources can originate a third one with a better nutritional profile than their precursors,
and closer to that presented by the proteins considered ideal (7). For example, the rice and
bean mixture. The problem is the amount of the vegetable protein sources needed to fulfill the

nutritional requirements, especially to make up proteins and amino acids demands. Thus, the
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search for alternative vegetable protein sources that, when combined in small amounts
originate a mixture with high content of protein with adequate AA profile, would be desirable.

In this context, rice (Oryza sativa) and soybean (Glycine max Merr.) crops are widely
cultivated in many places of the world (8) and their by-products, broken rice and soy protein
concentrate, are of low cost but of high nutritional value. Broken rice originates during the
processing of polished white rice (9). It is rejected for human consumption, but retains its
nutritional properties as excellent source of carbohydrates, energy and AA score (10). The
soybean protein concentrate comes from the processing of soybean oilseed industry, and has a
high protein concentration (10).

Like all cereal grains, rice has lysine as the limiting AA (5, 11). Soybean, meanwhile,
is deficient in sulfur amino acids (5, 12). However, the association of those two by-products
may originate a mix with high protein content and AA profile similar to ideal proteins.
Moreover, this mix might be tested in different recipes of foods usually well accepted by
children, and positively influence their body growth.

Based on that, the aim of this study was to investigate the effect of alternative foods
made with a mix of broken rice and soybean protein concentrate, on fat mass and fat-free

mass of children living in food insecurity.

Material and methods

Study design

It was a longitudinal study where each subject from the pre-intervention phase served
as its own control during the intervention period. It was conducted in a public school in the
city of Santa Maria, RS, Brazil, which serves children from a nearby underprivileged
community with poor sanitation conditions (no sewer or safe piped water). The community is
primarily composed by families whose incomes arise from trash collecting activities and
Family Grant Program of the Federal Government. For the majority of the students from this
low income community, the lunch provided by the school is the main or the only meal of the
day. This study was approved by the Ethics Committee of the Universidade Federal de Santa
Maria, RS, Brazil (Protocol No.: 23081.004360/2009-70; CAAE: 0052.0.243.000-09), and

school authorities.
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Study population

The study population consisted of children from 6 to 11 years old, enrolled in the Ist,
2nd or 3rd year of elementary school. The sample was formed by the students who responded
to the written and spoken invitation. The students who voluntarily decided to take place in the
study needed to have the “Informed Consent” signed by their parents or guardians. Children
older than 7 years had to sign the “Express Consent”, also. Students with positive history of
chronic degenerative diseases (diabetes, kidney failure, liver diseases) or edema), or allergy to
soy protein products were considered ineligible for the study. Children with class attendance
below 80% of the intervention days and children who skipped any of the nutritional

assessments were also excluded.

Phases of the study

The study was carried out in two phases. In phase I (or pre-intervention phase)
children were subjected to the first (at the beginning) and second (253 days later) nutritional
assessments (NA). No nutritional intervention was performed during that time. The phase II
(or intervention phase) started soon after the second NA, and was extended up to the third NA
(98 days later). During this phase, 56 days were considered school days and 52 of them were

used for the nutritional intervention.

Nutritional Assessments (NA)

The participating children were subjected to three NAs. Each NA comprised the
collecting of anthropometric and bioelectrical impedance measurements. The NAs were
performed at 3 different moments: at the beginning and end of phase I, and at the end of phase
II. Body weight was measured to the nearest 0.1 kg using a calibrated electronic scale (Model
EB710, Glicomed®). The standing height was measured to the nearest 0.5 cm, using the
attached stadiometer. The child was measured barefoot and with as little clothing as possible.
Based on these measurements, the body mass index (BMI, kg.m™) and the respective Z score
were evaluated according to the program provided by World Health Organization - WHO
Anthro Plus (13).
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The nutritional classification was based on BMI Z-Score calculated with the data
obtained from the second NA. The criteria adopted were: “underweight” (Z < -1), “normal
weight” (-1 <Z <+1), “overweight” (Z > +1) (14).

Tricipital skin fold (TSF, mm) was obtained at the midpoint of the distance between
the acromion and the olecranon of the right arm using a caliper (Cescorf®, accuracy of 0.1
mm). Sub scapular skin fold (SSSf, mm) was obtained 2 cm below the angle of the right
scapula, between this site and the spine. Based on these skin fold thickness values, the
muscular body mass (MBM, kg) was calculated using the formulas recommended by
Slaughter et al (15).

Impedance measurements were conducted in all subjects (Quantum II, RJL Systems
Inc., 800-pA and 50-kHz) at the right side of the body, with standard tetrapolar placement of
the electrodes on the hand and foot, following the method recommended by the manufacturer.
The average of two measurements were obtained for resistance (R, 2) and reactance (Xc, Q)
with the body in the supine position on a nonconductive surface, before the lunch time, and
with the bladder completely empty. The R and Xc values were used to calculate the fat free
mass (FFM) using the formula recommended by De Lorenzo et al. (1998) for children from 7
to 13 years old (16): FFM = 2.330 + 0.588. ZI (cm*/Q) + 0.211.Weight (kg), being ZI
(impedance index, cm*/Q) = height?/R. Fat mass (FM) was obtained by subtracting FFM from
the weight.

Each group of parameters (weight and height; TSF and SSSF; R and Xc

measurements) was collected by the same trained people.

Development of the "mix" and food formulations

We developed a mixture of soybean protein concentrate flour (SPC; Imcopa Industry,
Import and Trade Parana - Araucaria / PR) and broken rice flour (BR; Marzari Food, Santa
Maria - RS). The average AA content present in the SPC flour (information provided by the
manufacturer) and BR flour ("USDA National Nutrient Database for Standard Reference”)
(17) were compared to the AA score for children from 3 to 10 years old (assumed as the
reference AA score in this study). This age range presents the highest AA requirements
recommended by WHO (2007) (18). Then, it can be extrapolated to boys and girls aged from
10 to 18 years, as well as for adults, who have smaller AA requirements. Different ratios

between the SPC flour and BR flour were tested, aiming at achieving the best AA profile in
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comparison to the reference score. Since the SPC’s price was higher than the BR flour’s, and
the taste of soy is very peculiar, the proportion of SPC in the mixture was desired to be as low
as possible. Then, the mixture obtained was tested in different recipes of muffins, being the

mix used to totally or partially replace the flours usually used in the recipes.

Sensory tests of acceptability

Each experimental formulation (muffin) were subjected to sensory analysis by the
group of participating children through Sensory Tests of Acceptability (STA). These were
held in the cafeteria of the school, using an adaptation of the Hedonic Facial Scale
recommended by the Brazilian National School Feeding Program - BNSFP (19). The

formulation was considered “accepted” when reached an acceptability index of at least 85%.

Experimental foods

The experimental foods (muffins) were assessed concerning their macronutrient
content (according to the official methods of analysis recommended by the AOAC: crude
protein, method 960.52, conversion factor: 6.25; total fiber, method 985.29; lipids, method
920.39 with acid hydrolysis; ash, method 923.03; and moisture, method 925.10) (20). The
carbohydrate content was obtained by difference (100 - (protein + fat + total fiber + ash +
moisture). Besides, the muffins were also assessed to determine the indispensable amino acid

profile (High Performance Liquid Chromatography — HPLC).

Intervention Period

The intervention period (52 days) took place during phase II. In this period the
experimental foods (muffins) were provided to children, to supplement the school meals.
Therefore, at the end of each school turn and immediately before leaving the classroom (5
p.m.), each participating student received one unit of the experimental food which was
previously scheduled for the day. The experimental foods were offered in rotation and served

as individual 50 g unit of muffin per day five times a week. During phase II, adherence
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(presence at school and full consumption of the food provided) of each individual student to
the research was observed. In other words, each subject had to attend at least 80% of the

intervention days and eat the entire 50 g muffin provided in order to continue in the study.

Statistical Analysis

SPSS version 13.0 was used for the statistical analysis. The values of each parameter
were transformed into values that represented the average gain or average loss of the same
parameter in 30 days as follows: average gain or average loss = (value + number of days in
the corresponding phase) x 30 days. Then, the rates of gain or loss were expressed as: weight:
.30 days™; height: cm.30 days™'; body mass index: kg.m?.30 days™; muscular body mass, fat
free mass and fat mass: g.30 days™. The data were compared by nonparametric Wilcoxon test.
The results were expressed as median followed by the first (Q1) and third (Q3) quartile

between brackets. The difference was considered significant when P < 0.05.

Results and discussion

Sixty one out of 72 students signed the informed consent form to take part in the
study. Fifty nine of them underwent the first nutritional assessment (NA) (beginning of phase
I) and participated in the sensory tests of acceptability of the experimental foods. Forty four
out of 59 students completed phase I and entered phase II. Among them, 42 students
completed phase II. Consequently, only 2 (4.5%) children who entered phase II (when the
nutritional intervention was actually performed) were excluded from the study: 1 boy who
moved from the local school and 1 girl who did not attend to the third NA. The low dropout
rate found in this study possibly occurred due to the interest of the children to receive another
portion of food before leaving school. Moreover, this finding reinforced the results of the
study.

The majority of the participating students were Caucasian (67%) and 57% were boys
(Table 1). The average age was similar in both genders at the time of the nutritional
assessments. According to the nutritional diagnosis at the beginning of phase II, high
prevalences of underweight and overweight were observed, being overweight more prevalent

among girls (33%) (Table 1). This interesting finding is also observed in other countries, i.e.,
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both extremes of nutritional deviations being found among children from low income
populations (21).

Based on the average content of each essential AA in the by-products, the 1:3 ratio of
SPC and BR flours was defined as the best ratio and showed the highest AA score (118%) in
comparison to the reference score (18). Concerning the macronutrients, the mix obtained
showed high protein content (19.5 g.100g™), high fiber content (6.8 g.100g™), low fat levels
(1.6 g.100g™), and 62 g.100g™ of carbohydrates (mainly rice starch). Moreover, the mix was
gluten-free, lactose-free, and saturated fat-free. Then, it can be used by people with
restrictions to these nutrients. Each 50 g muffin provided between 3.6 to 4.3 g of protein. It
means that the experimental foods provided around 19-23% of the daily requirements of 19 g
of protein for children from 8 to 9 years old, and around 11-13% of the daily requirements of
34 g of protein for children from 9 to 13 years old (22).

Since sweet foods are usually well accepted by children (23), the mix was tested in
five formulations of muffins with different flavors (vanilla, chocolate, corn, carrot and
honey). All preparations underwent sensory tests of acceptability, getting 91% or more of
approval by the group of children. All units of muffins provided during phase II were
completely eaten and no rejection was observed.

Regarding the AA score, all indispensable AA present in the experimental foods
ranged from 105% (Lys) to 229% (Phe + Tyr) of the reference score (18) (table 2). The
percentage of adequacy for Phe+Tyr was initially thought to be high: 229%. However, when
we compared the AA score of the egg protein (17) with the AA score assumed as the
reference score in this study (18), we also found high percentages of adequacy which ranged
from 142 to 229%, similar to the percentages of adequacy of the AA scores showed by the
experimental foods.

In accordance with dietary recommendations for children, the caloric distribution
among the macronutrients was also adequate, with 10 to 14.5% of the calories coming from
the protein fraction, and no more than 34% coming from fat (Table 2) (22). Concerning the
protein content, we can consider the diets as in the normal (<12% of total calories) to medium
(12 to 25% of total calories) range. No experimental food had high protein content (>25% of
total calories) (24).

Different methods can be used to assess the nutritional profile of children, mainly the
fat-free mass (FFM) compartment (25). In this study, two different and validated methods
were used to ensure the detection of any change in this compartment. The first method used

was the assessment of the body muscularity (muscular body mass, MBM) based on 2
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skinfold-thickness measurements. This anthropometric method can be recommended as a
simple method to determine the nutritional status during growth (26). The second method
used was the bioelectrical impedance analysis (BIA) measurement. This method has the
advantage of determining changes in body composition with significantly greater precision
than anthropometry alone, mainly during refeeding (27, 28). Since there is no validated
formula to determine FFM for the Brazilian children, the formula here used to assess the FFM
was proposed by De Lorenzo et al. (16). In this formula, the impedance index (ZI) and weight
are the strongest predictors of the FFM, and data related to race, gender or age has no
contribution to the results.

The participating students showed significant increase in weight gain and BMI gain
during phase II when compared to phase I (Table 3). Moreover, they showed significant
increase in lean body mass (accessed by MBM and FFM), and reduction in body fat (FM).
We did not observe changes in height gain between phases, probably due to the short period
of time between the last two NA.

When the effects of the experimental foods according to the gender were assessed
(table 4), the boys showed significant increase in FFM and reduction in FM, but no
differences in weight gain or BMI gain. Then, it is possible to infer that they went through a
reversal of their body composition profile previously aquired, keeping the proportion between
the FM lost and FFM gained. The girls also presented significant increase in FFM gain and
decrease in FM. However, differently from the boys, they presented a significant increase in
weight gain. When comparing these changes found in boys and girls, it was observed that the
reduction in FM was similar between them. On the other hand, the gain in FFM among girls
was almost 40% higher than that among boys. Perhaps, the inversion in body composition
among the overweight girls has influenced the outstanding increment in their lean body mass.

According to the nutritional status (table 5), the underweight students presented an
increase in their weight gain higher than 100% (P > 0.05) along with a substantial increment
in BMI gain (P=0.05) during phase II. Since these students showed important increase in their
FFM (241%) and reduction in FM, it can be inferred that the changes in weight and BMI were
exclusively related to the changes in their lean body mass compartment. Despite the amazing
effects of the experimental foods on the underweight children, the reduced number of students
in this group (n = 6) might have affected the significance of the results.

Among the nutritionally normal children we observed significant increments in the
rate of FFM gain (144%) and significant reduction in FM during phase II in comparison to the

respective rates in phase 1.
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Concerning the overweight children, we observed significant increase in the rate of
FFM gain with remarkable reduction in FM. Moreover, it was observed that the increase in
the rate of FFM gain in this group as well as the rate of FM loss were far bigger than in the
group of children with normal weight (1.4 times higher and 1.8 times lower, respectively).
However, neither change did influence the weight gain and BMI gain observed previously,
demonstrating a striking tendency towards the reversal of their body composition.

In regards to FFM gain, it was possible to see that the underweight and overweight
children showed the highest increments. In relation to FM, the overweight children exibited
the highest FM loss. These positive changes in body composition, mainly among children
with nutritional deviations still need appropriate explanation.

Some studies have tried to demonstrate the effects of different levels of protein and
calories in the diet on body composition. In children, for example, it seems that high
protein/low glycemic index diets protect against obesity (29). The effects are thought to be
related to the sustained decrease in appetite and ad libitum caloric intake, as well as the
increase in thermogenesis induced by high-protein diets in comparison to diets with lower
protein content (24, 30). However, despite these positive effects, some data about the
effectiveness of high protein diets on weight loss among overweight and obese children do
not show the same results (31). In our study, none of the experimental foods were considered
high protein diet. Then, the reduction in FM cannot be attributed to the protein level.

Another possibility for the fat lowering effect of some diets is stated to be related to
the type of dietary protein present. In animals, for example, it’s been demonstrated that rats
fed with soy protein isolated-cornstarch diet show lower fat gains compared with animals fed
with other protein and carbohydrate combinations. These effects on body fat gain were
presumed to be related to reductions in energy intake and in plasma glucose concentrations
determined by the soy protein fraction (32). Moreover, the antiobesity property of soybeans is
also attributed to the isoflavone content. Soy isoflavones have been shown to decrease fat
accumulation in certain fat depots in some animal models of obesity (33, 34, 35). Since soy
protein concentrate (ingredient of the mix) has high levels of isoflavones (36), it is thus
possible that the reduction in FM shown in this study was partially related to isoflavones
consumed in the experimental foods.

Concerning the changes in the FFM compartment, the relation between FFM
increment and AA balance in the diet has long been known. Children fed cereal-based diets
with limiting amino acids would present lower growth rate than children fed diets with

adequate AA balance (37). In animals, the concept of ideal protein is very well established
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(38). In this sense, even low protein diets with adequate amino acid balance are as effective in
improving body weight and FFM as normal protein diets (39). In our study, the participating
children had the daily school meals supplemented by a small portion of muffin with only 11
to 23% of their protein and AA requirements. However, all the AA in the experimental foods
were made to meet the AA score of reference (18), following the concept of the ideal protein,
1.e., in balance. The effects of this intervention resulted in increments of FFM similar to the
findings in animals. Then, we assumed that the FFM increments demonstrated in our study
had to do with the provision of adequate amounts of indispensable AA by the experimental
diets.

In summary, the results above presented showed the nutritional effects of alternative
foods made with a mix of two by-products on FFM and FM of scholar children of both gender
and different nutritional status. The experimental diets were well accepted and presented
adequate protein-energy ratio and amino acid profile. The effectiveness in improving the body
composition of the participating children was significant, even with the alternative foods

being provided for a short period of time and as a small percentage of the daily protein needs.

Table 1. Characteristics of the children studied.

All children Boys Girls
Characteristics N=42 (100%) N=24 (57.1%) N=18 (42.9%)

Race Caucasians 28 (66.7%) 15 (62.5%) 13 (72.2%)
Black 14 (33.3%) 9 (37.5%) 5(27.8%)

Age (years) at NA*  1st NA 80+1.0(63-11.2) 81+1.1(63-11.2) 79+0.9(6.3-9.6)
2nd NA 87+1.0(7.1-119) 88+1.0(7.1-11.9) 8.6+0.9(7.1-10.3)
3rd NA 9.0+1.0(7.3-122) 9.1+1.0(7.3-12.2) 8.9+0.9(7.3-10.6)

Diagnosis at 2nd NA  Underweight 6 (14.3%) 3 (12.5%) 3 (16.7%)
Normal 27 (64.3%) 18 (75%) 9 (50%)
Overweight 9 (21.4%) 3 (12.5%) 6 (33.3%)

N = number; NA = nutritional assessment.
*The values are expressed as mean + standard deviation. Values in parentheses = range.
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Table 2. Percentage of adequacy of amino acid score in relation to the AAS of reference and
caloric distribution of macronutrients in the experimental foods.

Amino Acid Score of Reference’ Caloric distribution
Experimental

foods Phe+Tyr His lle Leu Lys Met+Cys Thr Trp Val % of total calories
41 16 31 61 48 24 25 6,6 40 CH Prot Fat
Honey muffin 229 165 148 135 124 138 161 178 126 734 13.1 13.5
Chocolate muffin 228 164 143 132 119 137 159 174 121 65.6 12.2 22.2
Vanilla muffin 229 165 150 136 125 138 162 179 127 73.4 14.5 12.2
Carrot muffin 228 164 143 132 119 137 158 174 121 55.1 10.7 34.2
Corn muffin’ 226 170 136 148 105 143 156 158 122 59.9 105 29.6
Mean 228 166 144 137 118 139 159 173 123 65.6 12.2 22.2
sp? 1.22 2.51 543 6.62 7.99 2.51 239 847 288 8.1 1.7 9.7
Minimum 226 164 136 132 105 137 156 158 121 55.1 10.5 12.2
Maximum 229 170 150 148 125 143 162 179 127 73.4 14.5 342

"Reference AA score for children 3-10 years old; WHO/2007 (18).
% 55% mix + 45% corn flour.

3 Standard deviation

CH, carbohydrate; Prot, protein.

Table 3. Effects of the experimental diets on anthropometry and bioimpedance parameters.

Parameters Phase I (N=42) Phase IT (N=42) P

Anthropometry

Weight (g.30 d™) 300 (150 — 360) 360 (220 — 670) 0.01

Height (cm.30 d™) 0.47 (0.42 - 0.59) 0.46 (0.31 -0.61) NS

BMI 0.02 (-0.02 — 0.07) 0.10 (0.02 — 0.25) 0.01

MBM (g.30 d™) 240 (160 —310) 310 (200 —480) 0.01
Bioimpedance

FFM (g.30 d™) 250 (180 —330) 620 (500 — 830) 0.001

FM (g.30 dh 20 (-40 —70) -250 (=370 — -100) 0.001

Phase I = pre-intervention period; Phase II = intervention period.

N = number; BMI = body mass index, kg.m’z; MBM = muscular body mass; FFM = fat-free mass; FM = fat
mass; NS = not significant.

The values are expressed as median (Q1— Q3) and represent the increase or decrease in the parameter evaluated
during 30 days.
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Table 4. Effects of the experimental diets on the wvariation of anthropometry and
bioimpedance parameters according to gender.

Boys (N =24) Girls (N =18)

Parameter Phase I Phase 11 P Phase | Phase 11 P

Anthropometry
Weight (.30 d™) 300 (170-370)  330(220-590) NS 290 (150 — 350) 430 (220-730)  0.01
BMI 0.04 (0.00-0.08) 0.10(0.03—0.24) NS  0.02(-0.02-0.05) 0.10(0.00-0.25) NS
MBM (g.30 d™) 240 (180-320) 300 (180 —460) NS 190 (120 — 280) 310 (260 -590)  0.02
Bioimpedance
FFM (g.30 d) 280 (190 -380)  610(520—810)  0.001 210 (110 —280) 670 (470 —850)  0.001

FM (g.30d") -10 (-80 — 60) -260 (-370 —-100)  0.001 0.04 (-0.01 —0.08)  -240(-370--90)  0.001

Phase I = pre-intervention period; Phase II = intervention period.

N = number; BMI = body mass index, kg.m’z; MBM = muscular body mass; FFM = fat-free mass; FM = fat
mass; NS = not significant.

The values are expressed as median (Q1— Q3) and represent the increase or decrease in the parameter evaluated
during 30 days.

Table 5. Effects of the experimental diets on the variation of anthropometry and
bioimpedance parameters according to nutritional diagnosis.

Underweight (N=6) Normal (N=27) Overweight (N=9)
Parameter Phase [ Phase I1 P Phase I Phase 11 P Phase I Phase 11 P
Anthropometry
Weight (g) 130 270 NS 270 380 0.01 370 440 NS
(90-260) (180-470) (150-350) (280-660) (320-490) (-90-820)
BMI -0.01 0.08 0.05 0.02 0.12 0.01 0.05 0.05 NS
(-0.04-0.03)  (0.02-0.20) (-0.02-0.07)  (0.03-0.25) (0.03-0.15)  (-0.21-0.33)
MBM (g) 180 290 NS 240 330 0.01 280 300 NS
(150-220) (90-360) (160-320) (200-4380) (180-330) (120-640)
Bioimpedance
FFM (g) 170 580 0.03 250 610 0.001 320 830 0.02
(110-200) (330-720) (130-370) (540-820) (240-340) (530-950)
FM (g) -10 -240 0.05 20 -250 0.001 60 -450 0.01
(-70-40) (-330--120) (-70-60) (-360—-90) (-20-180) (-630— -60)

Phase I = pre-intervention period; Phase II = intervention period.

N = number; BMI = body mass index, kg.m'z; MBM = muscular body mass; FFM = fat-free mass; FM = fat
mass; NS = not significant.

The values are expressed as median (Q1— Q3) and represent the increase or decrease in the parameter evaluated
during 30 days.
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Lysine from cooked white rice consumed by healthy young men is highly

metabolically available when assessed using the indicator amino acid
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Abstract

Cooked white rice (CWR) provides up to 71% of dietary protein for many people,
worldwide. The protein digestibility corrected amino acid score (PDCAAS) is the method
adopted by FAO/WHO to evaluate protein quality. Our group has proposed the metabolic
availability (MA) of amino acids (AA) as another determinant of protein quality. It measures
the percentage of an indispensable AA that is incorporated during protein synthesis. This

study is the first to assess the MA of L-Lysine (L-Lys) from CWR in humans using the
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indicator amino acid oxidation (IAAO) technique. Three levels of L-Lys 10, 15 and 19 mg.kg”
'.d' (=28.5, 42.8 and 54.3 % of the mean L-Lys requirement of 35 mg.kg™.d™") were studied
in 5 subjects in a repeated measures design. To test the principle that the Maillard reaction has
an effect on the MA of L-Lys, we also assessed the MA of L-Lys in oven browned cooked
rice (OBCR) (n= 3) at one level of L-Lys (19 mg.kg"'.d"). The MA of L-Lys was estimated
by comparing the IAAO response to varying L-Lys intake in rice versus the IAAO response
to varying the L-Lys intake in the reference protein (crystalline AA mixture patterned after
egg protein), using slope ratio method. The MA of L-Lys from CWR was found to be high
(97%).The effect of Maillard reaction reduced the MA of L-Lys to 70%. The results show that
despite its relative low content in rice, L-Lys has a high MA when the rice is cooked without

being browned.

Introduction

For many people worldwide cooked polished white rice (CWR) serves as the most
important protein source in the diet. In some rice-eating countries, the mean rice intake is
about 187 kg .person™.y"' and contributes to up to 71 % of dietary protein (1). Therefore, for
many countries, rice grains with high protein content are of great interest.

The nutritional value of dietary proteins is related to the indispensable amino acid
(IAA) pattern and, more importantly, the “proportion of dietary amino acid (AA) that is
digested and absorbed in a form suitable for protein synthesis; this is called AA availability”
(2) or bioavailability or metabolic availability (MA). The IAA L-Lysine (Lys) is the first
limiting AA in cereal grains, which has in rice an AA score of 62% (3). This fact restricts the
use of all other AA present in the rice for protein synthesis, causing them to be considered “in
excess” and, consequently, oxidized (4). In addition, cooking of rice, has been shown to
decrease the digestibility of nitrogen by laboratory rats (5) and L-Lys can become unavailable
due to Maillard reaction with carbohydrates (6). Thus, this reaction further decreases the MA
of L-Lys and, consequently impairs the nutritional value of rice protein. Ultimately, the MA
of L- Lys is an important factor concerning the amount of rice to be consumed by populations
to match daily protein requirements, particularly when this cereal is the major dietary protein
source (1).

The quality of dietary proteins in foodstuffs for human consumption have been

assessed by balance studies in animals (7, 8) or by the protein digestibility corrected amino
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acid score (PDCAAS) (3). For rice, the PDCAAS is around 56% (3), which is considered
low. Although the PDCAAS is currently the most used and recommended method, there have
been many criticisms concerning its value (9).

Besides PDCAAS, different methods for assessing amino acid availability have been
proposed (10, 11). The indicator amino acid oxidation (IAAO) technique is a currently well
accepted method for the determination of protein and AA requirements in animals (12) and
humans (13-15). The IAAO technique has been used to assess the MA of different AA in pigs
(16, 17) and in humans (18) and its benefits in determining MA of IAAs have been discussed
recently (19-21). Briefly, this method is based on the observation that, if one AA is limiting
for protein synthesis, all other AA are in excess (including the indicator AA, such as L-[1-
PC]phenylalanine) and must be oxidized (22). Consequently, changes in the oxidation of the
indicator AA following the intake of the test or reference protein will reflect the whole body
MA of the limiting AA at the site of protein synthesis, accounting for all losses of dietary AA
during digestion, absorption, and cellular metabolism. In other words, the higher the oxidation
of the indicator AA, the lower the MA of the test AA for protein synthesis, and vice versa”
(18). The aim of this study was to assess the MA of L-Lys from cooked polished white rice

protein in young adult men, using the IAAO technique.

Materials and Methods
Subjects

Five young, healthy, adult males completed the experiment (on an outpatient basis) in
the Clinical Investigation Unit at the Hospital for Sick Children, Toronto, Canada. Subject
characteristics, body composition, and energy requirements were assessed at entrance into the
study and prior to each individual experiment (Table 1). There was no history of recent
weight loss, illness, or medication use at the time of entry, or during the study, as determined
by medical history. The study protocol and goal were explained to each subject. Informed
written consent was obtained from each participating subject after the protocol was explained
to them fully. Subjects received financial compensation for their inconvenience. The study
was approved by the Research Ethics Board of the Hospital for Sick Children, Toronto, ON,

Canada.



65

Study design and dietary intervention

This study was conducted in two main parts. The objective of the first part was to
assess the MA of L-Lys from CWR protein by comparing the slopes of IAAO response
following the graded intake levels of L-Lys in CWR versus the reference protein, using the
slope ratio method.

A reference slope was constructed from the IAAO response measured following the
feeding of graded intakes of L-Lys from a reference protein (crystalline AA mixture patterned
after egg protein). The slope was constructed from 3 graded intakes of L-Lys studied in
random order. The levels of L-Lys studied were 10, 15 and 19 mg.kg™.d’1, representing 28.5,
42.8, and 54.3 % of the mean L-Lys requirement (35 mg.kg".d™") (23).

The MA of L-Lys in rice was determined by substituting a portion of the AA based
diet with CWR (polished long grain white rice — Selection®, Montreal, Quebec and Toronto -
ON, product of USA). We chose this rice because of its similar nutrient content to rice
commonly eaten in East Asia which is a number of countries who are among the highest rice
consumers in the world. It also has a similar nutrient profile to rice commonly eaten in the
Middle East and Brazil. Two levels of L-Lys intake was studied in the rice in random order;
15 and 19 mg.kg'.d", with 10 mgkg".d" serving as the base L-Lys intake, provided by the
AA mixture. The carbohydrate, protein and L-Lys content of the rice studied were 78.2, 6.75
and 0.24 g.100g™" of raw rice, respectively. These values were based on the mean among
long, medium and short raw white rice grains and were taken from the USDA table (24). We
performed our own analysis (macronutrient and AA content) on the actual rice used in the
experiment and the results were very similar to that obtained from the USDA (supplemental
table 1). The AA composition of the rice was matched to that of the reference protein by
adding individual crystalline AA to the cooked rice.

For the second part of the experiment, the effect of Maillard reaction on the MA of L-
Lys from rice was determined, as a proof of principle. For testing the effect of Maillard
reaction, three subjects consumed oven browned cooked rice (OBCR) at the highest L-Lys
intake (19 mg.kg".d"). The same white rice was first browned in the oven, after which it was

cooked.

Study Protocol
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Oxidation studies were performed on d 3 after two days of adaptation to the test diet.
During the two adaptation days, subjects received an AA based liquid diet (25), providing one
of the three randomly assigned L-Lys levels, energy: REE measured by open-circuit indirect
calorimetry (Vmax Encore - Viasys Healthcare; Yorba Linda, CA, USA) x 1.7 and protein
(1.0 gkg'.d"). The non-protein energy in the diet was provided as protein-free powder,
(Product 80056, Mead Johnson), flavoured with Tang® and KoolAid® crystals (Kraft
Foods, Don Mills), corn oil and protein free cookies (26). The adaptation diet was consumed
as four equal meals with 52, 36, and 12% of energy from carbohydrates, fat, and protein,
respectively. On d 3, following a 10 h overnight fast, subjects came to the Investigation Unit
at The Hospital for Sick Children, Toronto, ON, for a period of 10 h. The oxidation study day
diet content was similar to the adaptation diet. It was consumed as 9 isonitrogenous and
isoenergetic hourly meals, with each meal representing one-twelfth of the subject’s total daily
protein (1 gkg'.d") and energy requirement (1.5 x REE). For the duration of all experiments,
subjects consumed a daily multivitamin supplement (Centrum Forte®, Whitehall Robins) and
500 mg of choline to ensure adequate vitamin intake. Phenylalanine and tyrosine were
provided at 30 and 40 mg.kg".d" respectively. This part of the experiment was conducted to
determine the reference slope.

In the first part of the study, the MA of L-Lys in cooked white rice was determined by
substituting rice for a portion of the L-Lys, protein and carbohydrate intake. The rice used for
the experimental diets was weighed out, washed (3 times) and cooked (rice cooker for 23
minutes) in deionized water (1:1.5), with corn oil (36 % of energy) and a pinch of garlic and
salt.

For the second part of the study, the effect of Maillard reaction on the MA of L-Lys in
rice was tested by browning the rice in a conventional oven at 370 °F for 105 minutes before
cooking (as previously described).

The subjects were studied in a repeated measures design at 3 randomly assigned levels
of lysine intakes from the AA diet, and 2 levels of lysine from the CWR. Three of the five
subjects were studied at one level of intake of the OBCR.

Tracer protocol

The tracer protocol started orally on day 3 of each experiment (study day) with the
fifth meal, using NaH">COs (0.176 mg.kg") and L-[1-"°C] phenylalanine (99 atom % excess,
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Cambridge Isotope Laboratories; 40 umol.kg™) as prime and 15 pmolkg’.h” given hourly
until the 9™ meal. The amount of phenylalanine provided as tracer was subtracted from the
dietary provision such that the total intake of phenylalanine was 30 mg.kg™.d™". Tyrosine was
provided in excess at 40 mg.kg".d" to ensure labeled phenylalanine was not principally used
to meet the demand for tyrosine, and to facilitate the channeling of any tyrosine formed from

phenylalanine towards oxidation (27).

Sampling of breath and analysis

On each study day, breath samples were collected and later analyzed for CO,
enrichment. For each study day, 4 baseline breath samples were collected between the fourth
and fifth hourly meals (before tracer intake) and 9 half-hourly breath samples were collected
again at timed intervals between 220 and 300 min of tracer intake, at isotopic steady state.
After the fourth meal, open-circuit indirect calorimetry was performed for 20 minutes to
measure the rate of carbon dioxide production (VCO,). Enrichment of "*C in breath was
analyzed by continuous flow isotope ratio mass spectrometer (20/20 Isotope Analyzer, PDZ
Europa). Indicator oxidation was expressed as the percentage of label dose administered
[F°CO, excreted in breath at steady state (umolkg'.h™) / L-[1-°C] phenylalanine
administered (umol.kg™.h™) x 100]. MA (%) was estimated using the slope ratio method, by
applying the model previously tested in pigs (16), namely, using a single protein intake test
level to compare the IAAO response of test lysine intake from CWR with the lysine intake

consumed from the reference protein (crystalline AA Mix).

Statistical Analysis

L-Lys intake was expressed as the intake above that provided by the base diet from the
crystalline AA mixture (10 mgkg'.d"). The effect of adding L-Lys by protein source
(crystalline AA or cooked rice) on phenylalanine oxidation was tested using the procedure
“MIXED” with subject as a random variable, and oxidation day as repeated measure. Nesting
L-Lys intake within type of L-Lys addition (e.g. L-Lys or lysine in cooked white rice or oven
browned cooked white rice) gave the change in (slope) in phenylalanine oxidation per

milligram of L-Lys for each type of L-Lys addition. The metabolic availability of L-Lys in
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cooked white rice (CWR) was calculated by dividing the slope for L-Lys from CWR by the
slope for free L-Lys from the crystalline AA diet ((Slopecwr / Slopeaa mix) X 100). The
repeatability of oxidation measurements was assessed using mean CV within subjects and
treatments. Results were expressed as least square mean + SEM. P< 0.05 was regarded as
significant. All statistical analysis was conducted using SAS V 9.3 for Windows (SAS
Institute Inc SAS/STAT Institute Cary, NC).

Results

Linearity of response to Lys intake from free AA diet: As L-Lys intake from AA mix
increased from 10 to 15 to 19 mg.kg™.d" (28.6 to 54.3% of L-Lys requirement of 35 mg.kg’
'.d™"), the OXppe decreased linearly. Application of linear regression determined a negative
slope of the best-fit line of — 0.00899 (SEM = 0.0023, P = <0.05).
Metabolic availability of Lys in cooked white rice: L-Lys intake (5 to 9 mg.kg™.d" above
base) from CWR had a significant effect on OXppe (slope = — 0.00872, SEM = 0.0023, P =
<0.05). However the replacement of L-Lys from AA mix with L-Lys from CWR did not
produce a significant change in OXpp from that observed with the AA mix (P=0.85). The
ratio of the response to additional L-Lys intake from the CWR compared with that of L- Lys
from AA Mix was 0.9699. Thus, the MA of L-Lys from CWR was 97% and not significantly
different from the AA mix (Table 3).
Metabolic availability of Lys in oven browned cooked rice:

There was an increase in OXpn. when OBCR was fed to the subjects at a L-Lys intake
of 9 mgkg'.d" above base. Browning of rice decreased significantly the MA of L-Lys from
97 to 70% (P = 0.02).

Discussion

FAO/WHO considers PDCAAS as the method of choice for the measurement of
protein quality in human nutrition (28). However, many criticisms about this method have
risen in the literature (9). Among them, the use of fecal instead of ileal digestibility is of main
concern. In this sense, the true ileal AA digestibility coefficients, as performed in human

ileostomates, may provide more accurate results (21). However, methodological difficulties in
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testing different protein sources in these subjects limit the broad use of this technique. In
addition, the PDCAAS is dependent on the concentration of the amino acids compared to the
ideal pattern, with a correction for overall protein digestibility, and not the MA of any
individual amino acid. In rats, it was demonstrated that the true digestibility (TD) of crude
protein from vegetables is not a good predictor of the bioavailability of the limiting AA. For
instance, in black beans the TD for total nitrogen is 72%, whereas the TD of some essential
AA as methionine and arginine is 51 and 77%, respectively. This way, the correction of
amino acid scores for crude protein digestibility (as is usually done) is not adequate to
accurately reflect digestibility of individual amino acids in proteins (29).

Our group has used the IAAO technique, a non-invasive method, to assess amino acid
requirements in adults and children (30, 31). Recently, we have applied the same technique to
determine the MA of different amino acids from different food protein sources: casein and
soy protein isolate in humans (18) and peas, corn and barely in animals (16, 17). In the
present study the IAAO technique was used to assess the MA of L-Lys from the protein in a
whole food: cooked rice. As far as we know, this is the first study to determine the MA of an
amino acid from a common supermarket purchased grain using the IAAO technique in
humans. For this, we studied different levels of L-Lys intake provided by a mix of free L-
amino acids plus CWR (test protein). Based on apparent and true ileal AA digestibility of
crystalline AA mixture in animals (pigs and cockerels), we assumed that the MA of all L-
amino acids provided in the mix was 100% (32).

In countries where cereals and legumes provide the main protein source in the diet,
both quality and amount of the protein consumed should be taken into account. For
malnourished children, for example, it is suggested that 24 — 26g of protein.1,000 kcal™' with
a PDCAAS of at least 70% would be the preferable profile of the diet (33). However, there is
no statement about the lowest digestibility and MA values of the indispensable AAs of the
protein source. Consequently, any isolated or combined vegetarian protein source might fulfill
the requirements related to quantity and PDCAAS mentioned above. Cooked polished white
rice (CWR) presents a low protein to energy ratio (18.5 — 20.8g of protein.1,000 kcal ') (24)
and a low PDCAAS (56%) (3). This suggests that rice is not an adequate protein source.
However, rice was shown to have a high TD value for both the protein (90%) and Lys (100%)
(3). Nevertheless, information is lacking on the bioavailability of the L-Lys, as a limiting
AA, in cereal based diets consumed by humans. Based on our data, the MA of L-Lys from

cooked rice is 97%. It means that almost all L-Lys provided by cooked rice is effectively
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digested, absorbed and incorporated into proteins. These results are critical for any
populations where rice is the main protein source in the diet.

In rats, the digestibility of protein and L-Lys from cooked milled rice were found to be
90% and 100%, respectively; as the AA score for the rice used was 62.2%, the PDCAAS was
56% (3). In our study, the metabolic availability (MA) of L-Lys was found to be 97%. It
means that 97% of the total amount of the L-Lys present in the diet was actually digested,
absorbed and used for protein synthesis. Since the mean daily L-Lys requirement was
previously determined (23) to be 35 mg.kg'.d”, the AA score for our rice was calculated to
be 1.0 or 100% ((35.5mg.L-Lys.g” of rice protein +~ 35mg.L-Lys.g” protein) x 100 =
101.4%). Considering 90% (3) as the TD value for the rice protein and the new AA score (1.0
or 100%) to recalculate the PDCAAS, it was found to be 90% (90% x 1.0 or 100%), much
higher than 56% previously assumed (3). The suggestion is that rice protein is of a much
higher quality than that stated in past reports.

Comparisons between true digestibility of protein (used in PDCAAS calculation) and
limiting amino acids in vegetable protein fed to rats showed that the crude protein digestibility
may not be a good predictor of the bioavailability of limiting amino acids (29). The
corrections for true digestibility of individual AA for all the foods assessed lowered the scores
by 11 —47% (29). For instance, in black beans the AA score and TD of protein was found to
be of 89% and 72%, respectively. Then, the PDCAAS for black beans was considered low:
64%. Despite the high TD for black beans protein, the TD for its limiting AA, methionine and
cystine, were very low (51% and 46%, respectively). According to this study (29), the TD of
each of the nine indispensable AA should be taken into account and provide a more reliable
value for the AA ratio named “Available AA Score”. This new score was used to recalculate
the PDCAAS. For black beans, it was found to be 42%, which is even lower than the previous
value of 64% (29). Based on our L-Lys values, the “Available AA Score” is significantly
higher (97%) (1.0 x 97%) than the previously assumed 62%. However, the “Available AA
Score” for the remaining indispensable AA in rice still need to be assessed. In this sense, the
MA using the IAAO technique is a better option since it is able to assess the actual amount of
each AA provided in the diet that is effectively digested and used for protein synthesis.

The higher MA obtained in this study might be related to the low level of anti-
nutritional factors, (e.g. fibre and phytate) that have a negative impact on bioavailability of
nutrients in foods. We used polished white rice in our study. While the rice used in the current
study has a similar nutrient profile to rice consumed in many rice eating countries around the

word, it is possible that other kinds of rice with higher fibre content might have a lower MA.
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The most important anti-nutritional food constituent in diets in low-income countries is
phytate. It is present in cereal products and forms insoluble complexes with a range of
nutrients, inhibiting the absorption of proteins (34). In CWR, the phytate content is
remarkably low (1.2 —3.7 mg.g"' dry matter) in comparison to other cereals and legumes (35).
This is due to the fact that the germ and pericarp which contain 87.6% of the phytate are
removed during industry processing of the rice grains. Besides that, thermal and soaking
methods can reduce phytate content in cereals (34). These facts may explain the higher MA
of Lys observed in our study.

Maillard reaction can decrease the availability of some essential amino acids (33, 34).
In cereal-based foodstuffs L-Lys is the most reactive and, thus most affected (36). In our
study we also aimed at demonstrating this effect on L-Lys in rice by first browning the rice in
an oven before cooking. For this part of the experiment, only three out of the original five
subjects were available. When they were fed the OBCR, we observed an upward shift in slope
(namely, increment in the rate of OXpye). It suggests that L-Lys incorporation into proteins
was decreased after the rice was browned (MA = 70%). This result is important for
populations where rice is considered the primary protein source, because excessive heat
exposure resulting in burning of the rice would result in a decrease in its nutritional value.
Since Maillard reaction can decrease the availability of some essential amino acids other than
L-Lys (37), it is not known from this study, whether the change in the oxidation slope
happened exclusively due to the impairment in L-Lys availability. This further illustrates the
sensitivity of the IAAO technique to changes in amino acid content in the diets.

In summary, this was the first study to determine the MA of L-Lys in a store bought,
whole food item: cooked white rice, using the IAAO technique. The MA of L-Lys in men
(97%) was similar to that derived for its true digestibility in animals (100%) and much higher
than that suggested by the PDCASS value for rice. The methodology applied in this study is
suitable for assessing the MA of any indispensable AA in foods and, consequently, can be

used to update the nutritional value of different dietary amino acids and protein sources.
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Table 1.
Subject characteristics of healthy young men' who participated in the IAAO studies for the

determination of MA of L-Lys in cooked white rice.

Characteristics Value
Age,y 332+73
Weight, kg 76.5+9.1
Height, m 1.73 £0.08
BMI, kg.m?2 254+1.7
LBM?2, kg 56.6 7.6
REE?, MJ 6.7 +0.83

"Means + SEM; n= 5.

? Lean-body mass, determined by Bioelectrical Impedance Analysis.

3 Resting energy expenditure, determined by open-circuit indirect calorimetry.
Indicator amino acid oxidation (IAAQO)

Metabolic availability (MA)

L-Lysine (L-Lys)



Table 2.

73

Amino acid composition of reference’ and test protein® fed to subjects who participated in the

IAAO study on MA of L-Lys in cooked white rice.

AA

AA MIX Rice®

mg.g™* protein

L-Arginine.HCI* 74.5 100
L-Aspargine 33.1 N.IL*
L-Aspartic acid 33.1 93.9
L-Lysine. HCI 75.1 44.8
L-Cysteine 21.9 20.5
L-Glutamine 56.2 N.L
L-Glutamic acid 56.2 194.9
L-Glycine 33.0 45.6
L-Histidine 22.5 235
L-Isoleucine 62.4 43.2
L-Leucine 82.6 82.7
L-Methionine 29.5 23.5
L-Phenylalanine 54.2 53.5
L-Proline 41.6 47.0
L-Serine 83.2 52.6
L-Threonine 46.7 35.8
L-Tryptophan 15.5 11.6
L-Tyrosine 40.4 33.4
L-Valine 69.7 61.0
L-Alanine 61.5 57.9
Total 993 1025
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! The reference protein was a crystalline amino acid mixture (AA MIX) patterned after the AA composition of
egg protein.

2 The test protein was a combination of crystalline amino acids mixture (providing 10 mg.kg".d" of L-Lys (base)
plus cooked polished white rice (2.05 or 3.68 g.kg".d" of raw rice, providing 5 or 9 mg.kg™'.d™" of L-Lys, to meet
42.9 or 54.3% of the daily L-Lys requirement of 35 mg.kg".d”", respectively).

3 Polished white rice AA profile — USDA - National Nutrient Database for Standard Reference; values represent
the mean among long, medium and short grain levels (24).

* Actual concentrations of amino acids in HCI form: in AA MIX - Arginine, 62.1 mg.g™'; and L-Lys, 60.6 mg.g™';
in raw rice- Arginine, 83.4 mg.g”'; and L-Lys, 36.2 mg.g".

* N.I. — No information (from USDA tables)

Indicator amino acid oxidation (IAAQO)

Metabolic availability (MA)

L-Lysine (L-Lys)

Table 3.
Metabolic availability (MA) of L-Lys in cooked white rice (CWR) and oven browned cooked
rice (OBCR) based on IAAO of L-[1-"*C]phenylalanine.

Lysine source n Slope equation MA (%) P
AA MIX 5 —0.00899x + 1.11 100" <0.01
CWR 5 —0.00872x + 1.11 97 <0.01
OBCR 3 —0.00630x +1.11 70 0.02

"MA from AA MIX was assumed to be 100%.
Indicator amino acid oxidation (IAAO)
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Online Supporting Material:

Supplemental table 1:

Biochemical profile and reference values from USDA tables of the rice used in the study for
determination of MA of L-Lys in cooked white rice by IAAO.

Rice used' Reference values® Difference

2.100g™" rice (%)
Protein 6.01 6.75 11.0
Fat 0.6 0.6 0
Fiber 2.5 1.3 48
Ash 0.6 0.6 0
Water 12.5 12.6 0.79
Carbohydrate® 77.7 78.2 0.64
Total 100 100

2.100g™" rice
L-Lysine 0.20 0.24 16.7
L-phenylalanine 0.32 0.36 11.1
mg.g" Protein
L-Lysine 33.3¢ 35.5° 6.19

L-phenylalanine 53.2° 53.37 0.2

' Long grain white rice - Selection®;

2USDA Table;

* Calculated by difference.

#33.3=0.20 g L-Lys . 6.0 g protein

°35.5=0.24 g L-Lys . 6.75g" protein

653.2=0.32 g L-Phe .6.0 g protein

753.3=0.36 g L-Phe . 6.75 g protein

The macronutrient content of the rice in the study was analyzed by the following methods:

Crude protein, method 960.52, conversion factor: 6.25; fat, method

920.39 with acid hydrolysis; total fiber, method 985.29; insoluble fiber, method 991.42; ash, method 923.03;
and water or moisture, method 925.10, according to the official methods of analysis recommended by the
Association of the Official Analysis Chemists (38) AOAC. The carbohydrate content was obtained by difference
(100 - (protein + fat + total fiber + ash + moisture)).

The indispensable AA profile of the rice used in the study (Long grain white rice - Selection®) was assessed by
High Performance Liquid Chromatography — HPLC (hydrolysis by 6N HCL; precolumn derivatization of free
amino acids with phenylisothiocyanate (PITC); separation of the derivatives by C18 reverse-phase column (Pico-
Tag - 3.9 x300 mm); UV detection at 254 nm).

Indicator amino acid oxidation (IAAO); Metabolic availability (MA); L-Lysine (L-Lys);
L-Phenylalanine (L-Phe)



3. DISCUSSAO

Esta tese foi desenvolvida com os objetivos principais de avaliar o perfil de ingestao
de nutrientes por um grupo de escolares, de testar alimentos feitos com co-produtos
agroindustriais de baixo custo na alimentacdo escolar, e de verificar se esta intervengao
nutricional determinaria efeitos nutricionais benéficos. Assim, selecionou-se uma Escola
publica que atendia criangas de diferentes niveis sdcio-econdmicos, inclusive criangas muito
carentes de uma comunidade proxima.

Os resultados apresentados por este estudo demonstraram a inadequag@o nutricional
das dietas consumidas pelas criangas estudadas, tanto nos seus domicilios quanto na Escola.

Nos domicilios, foi observada inadequacdo principalmente em relagdo a ingestdo
calorica, de macro (carboidratos e fibras) e micronutrientes essenciais (vitaminas A e C, Ca e
Fe). Ou seja, nas criangas avaliadas, a despeito do que supde o Programa Nacional de
Alimentagao Escolar — PNAE (BRASIL. 2009b), a qualidade e a quantidade dos alimentos
consumidos pelos alunos nos seus domicilios foram consideradas insuficientes para prover os
80% das necessidades nutricionais para a faixa etaria estudada (Estudo cientifico 1).

Da mesma forma, na Escola selecionada, foram observadas inadequagdes nas dietas
servidas, tanto em relagdo a ingestdo caldrica quanto de macro (carboidratos, proteinas,
lipidios e fibras) e micronutrientes (vitaminas A e C, Ca e Fe). Ou seja, na escola avaliada, os
cardapios utilizados foram considerados insuficientes para prover pelo menos 20% das
necessidades nutricionais didrias das criancas estudadas, conforme proposto pelo PNAE
(BRASIL. 2009b) (Estudo cientifico 1).

Uma observacdo interessante foi que no Estudo 1 detectamos uma prevaléncia
elevada (38%) de excesso de peso entre as criangas avaliadas, mesmo com um consumo
médio de calorias bem abaixo do recomendado: 60% das calorias recomendadas para ingestao
no domicilio, e 70%, na Escola. No entanto, observamos um consumo elevado de proteinas
pelas criangas em seus domicilios: 36 g / dia, o que corresponde a 239% da quantidade
esperada. Além disto, quase metade das dietas fornecidas pela Escola apresentavam
desequilibrio aminoacidico, apresentando 2 ou mais AA em niveis abaixo dos limites
recomendados, possivelmente comprometendo a utilizagdo adequado dos demais AA destas
dietas para a sintese protéica. Estes dois achados, ingestdo protéica elevada e desequilibrio

aminoacidico, podem ter determinado o excesso de peso entre as criangas estudadas.
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Estas constatagdes sdo vitais quando envolvem criangas em crescimento e reafirmam
a necessidade de monitorizacdo da real ingestdo de nutrientes pelas populagdes carentes
assistidas pelo PNAE, uma vez que muitas delas ndo consomem o minimo recomendado para
suprir suas necessidades nutricionais diarias. Este fato certamente colabora para a perpetuagao
do ciclo alimentagdo deficiente, baixo rendimento cognitivo, repeténcia e evasao escolares.

No entanto, estas constatacoes ndo sao totalmente desconhecidas e tém estimulado
grupos de pesquisa a buscarem fontes alimentares alternativas de baixo custo para serem
incorporadas a alimentacdo servida nas escolas e nos domicilios de populagdes em
inseguranga alimentar. Porém, muitas destas interven¢des nutricionais carecem de eficacia
nutricional comprovada, servindo apenas como forma de amenizar a fome dos menos
favorecidos (BITTENCOURT, 1998).

Este estudo foi capaz de demonstrar que o concentrado protéico de soja e a quirera
de arroz podem originar uma mistura altamente nutritiva, tanto sob o ponto de vista protéico
quanto aminoacidico. Foi possivel demonstrar, também, que esta mistura pode ser
incorporada na formulagdo de alimentos alternativos com grande aceitagdo e de baixo custo
(Estudo cientifico 2). Nesta pesquisa, as formula¢des utilizadas foram “bolinhos” de
diferentes sabores. Porém, o “mix” demonstrou ser passivel de utilizagdo em formulagdes
salgadas como massas, molhos, sopas e ensopados de carne, com aumento do rendimento e
elevagdo da qualidade nutricional destes alimentos. Assim, a utilizacdo do “mix” como
ingrediente em alimentos alternativos abre um horizonte de possibilidades a serem exploradas
visando a obtengao de alimentos nutricionalmente adequados e de baixo custo.

Além das propriedades culindrias e sensoriais demonstradas, os alimentos
alternativos formulados com o “mix” determinaram alteragdes surpreendentes na composi¢ao
corporal das criangas estudadas, com redugdo significativa da massa gorda e aumento da
massa magra (Estudo cientifico 3). Estas altera¢des foram mais pronunciadas nos grupos de
crianca com desvios nutricionais, principalmente para aquelas com excesso de peso. A
despeito de a interven¢do nutricional ter sido aplicada por um periodo relativamente curto, os
efeitos nutricionais puderam ser observados por diferentes metodologias. A literatura cita
diferentes explicagdes para os efeitos nutricionais de diferentes dietas (HALTON; HU, 2004;
PAPADAKI et al, 2010; WEIGLE et al, 2005), principalmente aquelas formuladas com
compostos de soja (ALI et al, 2004; BANZ et al, 2004; MANZONI et al, 2005). No nosso
entendimento, os achados observados tém relagdo direta com o conceito de proteina ideal por
nés utilizado na confecgdo dos alimentos experimentais. Assim, alimentos com adequado

perfil energético-protéico e equilibrio aminoacidico apresentam efeitos anabolicos protéicos
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importantes, como ja amplamente demonstrados em estudos relacionados a nutrigdo de
animais de corte (ABDEL-MAKSOUD et al, 2010).

Por fim, aminodcidos limitantes, devido aos seus baixos teores na proteina ingerida,
tém papel importante na interrup¢do da sintese protéica determinando oxidagdo dos demais
aminoacidos remanescentes nao utilizados e considerados em excesso (ELANGO; BALL;
PENCHARZ, 2009). Este mecanismo ¢ responsavel por perdas e custos desnecessarios, €
possivel desvio dos compostos oriundos dos aminodcidos oxidados para a lipogénese
indesejada. A baixa biodisponibilidade dos aminoacidos pode agravar a plena utilizagdo dos
aminoacidos ja limitantes, prejudicando ainda mais o anabolismo protéico almejado,
principalmente para criangas em crescimento. Neste estudo foi utilizada a técnica do indicador
de oxidacdo de aminoacidos - IOAA (ELANGO; BALL; PENCHARZ, 2008) para avaliar a
disponibilidade metabdlica da lisina ofertada pelo arroz cozido (Estudo cientifico 4). Até
entdo, a referida técnica havia sido amplamente utilizada na avaliagdo de requerimentos
protéicos e aminoacidicos de diferentes grupos etarios ou condi¢des clinicas, e para a
avaliacdo da biodisponibilidade de aminodcidos especificos a partir de fontes protéicas
isoladas, como a caseina e o isolado protéico de soja. Esta foi a primeira vez em que a técnica
do IOAA foi utilizada na avaliacdo da disponibilidade metabolica de um aminoéacido limitante
a partir de um alimento completo, neste caso, o arroz cozido. Os resultados demonstraram
que, a despeito dos baixos niveis de lisina presentes neste cereal, sua biodisponibilidade no
sitio da sintese protéica ¢ proxima de 100%.

Concluindo, esta pesquisa demonstrou que a ingestdo de nutrientes por escolares
freqiientadores de Escolas participantes do PNAE pode nao estar sendo suficiente para suprir
0s requerimentos nutricionais elevados e necessarios ao pleno crescimento e desenvolvimento
infantil. Demonstrou, também, que fontes protéicas alternativas podem ser utilizadas na
formulagdo de alimentos nutritivos, saborosos, ¢ que determinam efeitos nutricionais

benéficos, principalmente entre criangas com disturbios nutricionais.



4. CONCLUSOES

Os resultados desta tese nos permitem concluir que:

1. No grupo estudado, a qualidade e a quantidade dos alimentos consumidos pelos
alunos nos seus domicilios foram consideradas insuficientes para prover os 80% de suas
necessidades nutricionais, principalmente em relacdo a ingestdo caldrica, de macro e de
micronutrientes essenciais;

2. A alimentacdo escolar fornecida pela Escola selecionada foi considerada
insuficiente para prover os 20% das necessidades nutricionais diarias, conforme proposto pelo
PNAE, tanto quanto ao perfil nutricional dos cardapios servidos (calorias, macro e
micronutrientes), quanto nas quantidades ingeridas pelos alunos;

3. A mistura de concentrado protéico de soja e quirera de arroz na propor¢ao de 1:3
resultou em um “mix” altamente protéico e com elevando o escore aminoacidico;

4. Dentre os alimentos elaborados com o “mix” e testados por analise sensorial,
bolinhos diferentes sabores foram os alimentos aprovados;

5. Houve reducdo de 18 a 24% nos custos dos alimentos aprovados quando os
mesmos foram produzidos com o “mix”’;

6. Houve alteracdes significativas na composi¢do corporal das criangas estudadas,
como aumento da massa magra e reducao da massa gorda;

7. A técnica do IOA foi capaz de determinar a biodisponibilidade metabdlica da
lisina no arroz (=97%), demonstrando ser aplicavel em estudos que avaliem a qualidade

protéica e aminoacidica de alimentos alternativos.
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6. APENDICES

APENDICE 1. TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO.

Instituicdo: Universidade Federal de Santa Maria / PPGCTA - Doutorado

Pesquisador responsavel: Prof. Ivo Roberto Dorneles Prolla

Pesquisador orientador: Profa. Dra. Leila Picolli da Silva

Titulo da Pesquisa: Efeitos nutricionais da fortificagdo protéico-energética da merenda
escolar de criangas em situagdo de inseguranca alimentar.

Senhores pais do (a) menino (a)

Vocés, juntamente com seu (sua) filho (a), estdo sendo convidados a participar de um estudo
sobre os efeitos nutritivos de um composto a base de soja e arroz, rico em proteinas. Este
estudo faz parte de uma Tese de Doutorado do professor Ivo Prolla, médico
gastroenterologista pediatrico do Hospital Universitario de Santa Maria e professor de
pediatria da Universidade Federal de Santa Maria. Este composto nada mais ¢ que uma
mistura das farinhas de arroz e de soja, sendo muito nutritivo e rico em proteinas importantes
para criangas em crescimento. Além disto, ¢ muito barato e podera ser uma 6tima alternativa
para enriquecermos varios tipos de alimentos que as criangas habitualmente consomem nas
Escolas do municipio.

Este estudo pretende avaliar se a adicdo deste composto na merenda escolar pode
realmente melhorar o ritmo de crescimento de criangas carentes que nao tém uma alimentacao
mais completa em suas casas. Assim, uma pequena quantidade deste composto sera misturada
em alguns alimentos como biscoitos, bolos, bebida lactea e barras de cereal, e que serdo
servidos como um complemento da merenda da Escola onde seu (sua) filho (a) estuda. Estes
alimentos mais nutritivos serdo oferecidos a tarde, como um lanche, antes das criangas sairem
para o recreio, ¢ durante um periodo de 2 meses.

Neste estudo as criangas serdo pesadas, medidas (altura) e avaliadas quanto a
quantidade de gordura e de musculo no seu corpo.

Acreditamos que ndo havera qualquer efeito colateral relevante devido a sua adigdo
nos alimentos da merenda escolar, exceto se seu (sua) filho (a) tiver historia de alergia a soja.

Neste caso, ele (a) ndo podera participar do estudo.
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Se realmente conseguirmos demonstrar os efeitos nutritivos benéficos desta mistura
(melhora do crescimento, reducdo do risco de anemia e aumento das proteinas do corpo) das
criancas com ela alimentadas, as escolas publicas poderdo passar a ofertar merenda com
alimentos enriquecidos com este composto, tornando-os mais nutritivos e de baixo custo.

Sendo assim, se for de sua concordancia voluntaria que seu (sua) filho (a) participe
deste estudo, solicito que assine no local indicado. Desta forma, estara declarando que foi
devidamente informado e esclarecido quanto aos objetivos, metodologia, riscos e beneficios
deste estudo. Além do responsavel legal, seu (sua) filho (a) também necessitard concordar
com este estudo e devera autorizar que todos os passos descritos acima sejam realizados. Para
isto, terd de dar seu assentimento (consentimento) no local indicado.

TERMO DE CONFIDENCIALIDADE

Aproveitamos para informar que todos os dados coletados e resultantes desta
pesquisa serdo mantidos sob sigilo quanto a identidade dos participantes e ficardo arquivados
pelo prazo de 5 (cinco) anos, no Departamento de Pediatria do CCS — UFSM, sob
responsabilidade do pesquisador responsavel. Apos esta data os dados serdo destruidos.

Por fim, gostaria de informar-lhe que durante qualquer etapa da pesquisa tanto os
responsaveis legais quanto a propria crianga participante poderdo solicitar mais informagdes
sobre os procedimentos a serem realizados. Além disto, se desejarem interromper a
participagdo no estudo poderdo fazé-lo, sem qualquer prejuizo ou discriminacgao por parte dos

pesquisadores ou da escola.

Nome e assinatura do pai, mae ou representante legal

Assentimento (assinatura da crianga)

Testemunha

Local e data

Pesquisador

Senhores pais. Em caso de dividas ou necessidade de outras informagdes, favor
entrar em contato com o pesquisador responsavel, Prof. Ivo Prolla, por um dos telefones a
seguir: 3220.85.20 —Departamento de Pediatria; 3223. 89.14 — residéncia, ou 99.76.86.71 —

celular. Se desejarem, também poderdo obter informagdes adicionais sobre este estudo
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diretamente com Comité de Etica em Pesquisa da UFSM (Avenida Roraima, 1000 - Prédio da
Reitoria - 7° andar - Sala 702 - Cidade Universitaria - Bairro Camobi - CEP: 97105-900 -
Santa Maria — RS; Tel.: (55)32209362 - Fax: (55)32208009; e-mail:

comiteeticapesquisa@mail.ufsm.br).
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APENDICE 2. VALOR EM REAIS DOS ALIMENTOS EXPERIMENTAIS

APROVADOS PELO GRUPO DE CRIANCAS.

Aliemntos Custo (RS) Economia
(“muffins”) Sem o “mix” Com o0 “mix” (%)
lun 10.000 un lun 10.000 un
Mel 0,16 1.585,00 0,14 1.369,00 14
Chocolate 0,09 900,00 0,07 709,00 21
Baunilha 0,11 1.083,00 0,08 823,00 24
Cenoura 0,09 906,00 0,07 715,00 21
Milho 0,11 1.090,00 0,09 890,00 18
Média 0,11 1.112,80 0,09 901,20 19,60

(um = unidade de 50 g)

APENDICE 3. GANHO MEDIO MENSAL DE PESO E ESTATURA CONFORME A
FAIXA ETARIA E O SEXO.

Idade Meninos Meninas

(anos) Peso (g) Estatura (cm) Peso (g) Estatura (cm)
7a8 208 0,50 242 0,50
8a9 242 0,47 250 0,44
9al0 283 0,42 342 0,42
10all 333 0,41 358 0,50
11al2 383 0,47 367 0,60
Média 290 0,45 312 0,49
Mediana 283 0,42 342 0,42

Tabela adaptada a partir de dados publicados em “CDC - Growth Charts”, disponivel em:
http://www.cdc.gov/growthcharts/html_charts/wtage.htm




APENDICE 4. EFEITOS NUTRICIONAIS - TODAS AS CRIANGAS (N=42).

Peso(qg)

MMC(g) MM(g) MG(g)

B Fase |l OFaselll

(*P < 0,05)

APENDICE 5. EFEITOS NUTRICIONAIS CONFORME O SEXO.
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Meninos Meninas

O Peso(g) m MMC(g) B MM(g) m MG(g)

(*P < 0,05)



APENDICE 6.
NUTRICIONAL.
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EFEITOS NUTRICIONAIS CONFORME O ESTADO

=L

Fase |

Fase Fase | Fase Fase | Fase

* *
Baixo P (N=6) P Normal (N=27) Excesso P (N=9)

0O Peso(g) 8 MMC(g) @ MM(g) m MG(g)

*

(*P < 0,05)
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APENDICE 7. BIODISPONIBILIDADE METABOLICA DO ARROZ BRANCO
COZIDO EM RELACAO A CURVA DE REFERENCIA.

F13co, (umol.kg™.h™")

1.05-

0.951

0.851

0.7 51

0.65-

0.55-

m AAMix — y=-0.00899x +1.11 (p=0.0006)
A CWR == y=-0.00872x+1.11 (p=0.0008)
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30 35 40 45 50 55 60
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APENDICE 8. BIODISPONIBILIDADE METABOLICA DO ARROZ BRANCO
TOSTADO EM RELACAO AO ARROZ BRANCO COZIDO.

F3co, (umol.kg™.h")

1.051

0.95-

0.85-

0.75-

0.65-

0.55-

A CWR— y=-0.00872x +1.11 (p=0.0008)
¥ OBCR== y=-0.00630x+1.11 (p=0.0185)

0.45
25

30 35 40 45 50 55 60
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