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RESUMO

Introducgao: O leite humano (LH) contém nutrientes necessarios para o crescimento e
desenvolvimento do recém-nascido, além de possuir numerosos fatores bioativos benéficos
para o sistema imunoldgico e para a maturagdo gastrointestinal. A alimentagdao do recém-
nascido pré-termo (RNPT) internado em unidades neonatais, que ndo se da pela
amamentagao ao seio materno, implica em coleta, manipulagdo, estocagem e administragao
do LH. Esses processos podem comprometer a qualidade nutricional do leite, privando os
RNPT de uma quantidade significativa de calorias provenientes da gordura. Objetivo:
Comparar a perda de gordura durante o armazenamento do leite humano cru (LHC) sob
refrigeragdo, em recipiente plastico proprio para este fim, comparado ao recipiente de
vidro. Métodos: Trata-se de um estudo transversal, em que participaram 38 maes de RNPT.
O LHC foi coletado em recipientes de plastico e vidro, totalizando 76 amostras. As
variaveis analisadas foram o percentual de gordura e o teor energético através do método
do Crematdcrito, em triplicata, no seguinte desenho: amostra imediata e amostras
refrigeradas por 3, 6, 9 e 12 horas. As comparacdes multiplas de proporcdes foram
realizadas no software livre R. Resultados: Foi observada perda calorica em 63,2% das
amostras analisadas em recipiente plastico e em 57,9% das amostras coletadas no vidro.
Contudo, quando teor de gordura (p =0.366) e valor calorico (p =0.158) foram comparados
entre os recipientes, ndo houve diferenca estatisticamente significativa. A perda do valor
calorico total (Kcal / 12h) foi de 676,99 em plastico e 240,37 em vidro (p = 0,229). A perda
no teor de gordura no grupo do plastico foi 2,2 vezes maior quando comparada ao vidro, e
com relagdo ao valor calorico do LHC, o grupo do plastico apresentou perda 2,7 vezes
maior. Conclusdo: Apesar de ndo ter sido observada diferenca estatisticamente
significativa entre os recipientes plastico e vidro ao longo das 12 horas sob refrigeragao,
ocorreu perda maior tanto do teor de gordura quanto do valor calérico do LHC armazenado
no plastico quando comparado ao armazenado no vidro. Como houve perda caldrica nos
dois recipientes, a sugestdo € que se administre o leite humano o mais rapido possivel.

Palavras-chave: leite humano; armazenamento do leite humano; perda caldrica; teor de
gordura, recém-nascido pré-termo.



ABSTRACT

Purpose: Human milk (HM) contains the nutrients necessary for the development of a
newborn infant. The feeding of the preterm infants admitted to neonatal units, which does
not occur directly from the mother’s breast, implies in the collecting, manipulation, storage
and administration of HM. These processes can compromise the nutritional quality of the
milk, thus depriving the preterm infants of a significant portion of calories that come its fat
content. This study evaluated this loss of calories during the storing of raw human milk
(RHM) under refrigeration, in plastic recipients compared to glass recipients, with the aim
of understanding the real caloric value being offered to the NBPI while under hospital
admission. Methods: This is a cross sectional study, in which 38 mothers of preterm
infants participated. The RHM was collected in plastic and glass recipients, which totaled
76 samples. The variables analyzed were the percentage of fat and energy content by using
the Creamatocrit method, in triplicate under the following strategy: immediate sample and
samples refrigerated for 3, 6, 9 and 12 hours. The multiple comparison of portions was
performed using free R software. Results: There was a noted caloric loss in 63.2% of the
samples analyzed in the plastic recipients and 57.9% in the glass recipients. However, when
fat content (p = 0.366) and caloric value (p = 0.158) were compared between the recipients,
there was no significant statistical difference observed. The loss of caloric value total
(Kcal/12h) was 676,99 in plastic and 240,37 in glass (p = 0,229). The loss in fat content
for the plastic recipient storage group was 2.2 times higher when compared to glass, and in
relation to energy, the plastic recipient group presented a loss 2.7 times greater than glass.
Conclusion: As there occurred caloric loss in the RHM stored in plastic as well as in the
glass recipient, we suggest the RHM is administered to the preterm infants as soon as

possible after extraction.

Keywords: human milk; storage of human milk; loss in calories; fat content, preterm
infant.
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1. INTRODUCAO

O leite humano (LH) contém nutrientes necessarios para o crescimento e
desenvolvimento do recém-nascido (RN), além de possuir numerosos fatores
bioativos benéficos para o sistema imunologico e para a maturagao
gastrointestinal (DE HALLEUX, RIGO 2013; MUNBLIT et al, 2017). A
Organiza¢ao Mundial de Satde (OMS) recomenda que todas as criangas
rececbam somente leite humano (LH) até o sexto més de vida e,
complementado, até os dois anos de idade ou mais (EDMOND, BAHL,
2006; HOWSON, KINNEY, LAWN, 2012).

O recém-nascido pré-termo (RNPT) criticamente enfermo ¢ um ser
fragil, que apresenta grande imaturidade fisiologica (FEFERBAUM et al,
2016). Durante a internagdo, estes RNPT estdo frequentemente muito
debilitados ou despreparados para receber leite diretamente do seio materno
e, muitas vezes, devem ser alimentados via sondas (BROOKS, VICKERS,
ARYAL, 2013). Isso implica em coleta, manipulagdo, estocagem e
administragdo do LH. Contudo, estes processos podem comprometer a
qualidade nutricional do leite, privando os RNPT de uma porcao
significativa de calorias provenientes da gordura (ABRANCHES et al,
2014).

Segundo as legislagdes vigentes e protocolos internacionais (BRASIL,
2000; EGLASH et al, 2010; BHARADVA et al, 2014; ANVISA, 2008) a
embalagem para armazenamento do leite humano ordenhado (LHO) deve ser
de facil limpeza e desinfeccdo, resistir ao processo de esterilizagdo,
apresentar vedamento de forma a garantir a integridade do produto, ser
constituida de material inerte e indbcuo ao LH em temperaturas na faixa de -
25a 128 °C. A recomendacgao ¢ que se utilize, para o armazenamento, frascos
de vidro com tampa plastica. Contudo, os frascos de polipropileno

esterilizaveis se encaixam nas recomendagdes e tem sido amplamente
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utilizados para armazenamento de leite humano cru (LHC) em unidades
hospitalares.

Alguns estudos ja demonstraram a perda caldrica e de nutrientes quando
se oferece dieta aos RN internados, principalmente quando a opg¢do ¢ de
forma continua e ndo por gavagem (intermitente) (BROOKS, VICKERS,
ARYAL, 2013; TABATA et al, 2015; VIEIRA et al, 2004; ROGERS et al,
2010; JARJOUR et al, 2015; RAYYAN, ROMMEL, ALLEGAERT, 2015).
H4 uma relagdo inversa entre o tempo de infusdo e o teor de lipidios,
considerando a adesdo deste nutriente ao plastico das sondas. A perda de
gordura ¢, em geral, atribuida a aderéncia desta no frasco, a lipdlise ou a

peroxidagdo de lipidio (ABRANCHES et al, 2014).

2. FUNDAMENTACAO TEORICA

2.1 Prematuridade

RNPT sao aqueles nascidos antes da 37* semana de gestacao. Todos
os anos, 15 milhdes de neonatos em todo o mundo nascem prematuros. A
prematuridade ¢ tida como a maior causa de mortes neonatais e coloca as
criancas sobreviventes em risco de agravos neuroldgicos, problemas
comportamentais, displasia broncopulmonar, retinopatia da prematuridade,
deficiéncias auditivas, dentre outras patologias (QYN et al, 2016).

A sobrevida do RNPT de baixo peso ou extremo baixo peso, depende
da adocao de boas praticas na assisténcia ao neonato nos primeiros dias de
vida. Essa populagdo frequentemente ¢ submetida a procedimentos invasivos
e dolorosos para fins diagndsticos e terapéuticos, o que pode resultar em
maior risco de infecgdo e maior tempo de internacdo hospitalar

(KOLETZKO et al, 2014).
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Esta taxa de sobrevida tem aumentado nas ultimas décadas. Tal fato
deve-se aos progressos cientificos incorporados na assisténcia dessas
criangas, principalmente no que diz respeito ao estado nutricional pds-natal
imediato, dadas as caracteristicas do radpido crescimento ¢ maturagdo desse
periodo. Assim, neste periodo, ¢ necessario um melhor aporte de nutrientes
de alto valor bioldgico e um alto teor caldrico para garantir uma adequada
evolugdo do peso, comprimento e perimetro cefalico, sem riscos de
sobrecarga metabolica ou complicagdes carenciais (FILHO et al, 2016).

O fato de a crianca nascer prematuramente ja a coloca numa condi¢ao
de grande risco nutricional, pois o trato gastrintestinal ainda ¢ imaturo
(DAMASCENO et al, 2014). Isso se deve as alteracdes metabolicas causadas
por varios processos patologicos e a fatores fisiologicos, inerentes a
prematuridade, que incluem a rapida velocidade de crescimento, a elevada
taxa metabolica e a grande imaturidade bioquimica, que afetam todas as
fungdes metabdlicas do prematuro. A magnitude desses fatores ocorre em
proporcao inversa a idade gestacional ao nascer. Durante o ultimo trimestre
da gestacdo, o feto adquire 80% das quantidades de calcio, fosforo e
magnésio presentes em seu corpo ao nascimento. Estas altas concentracdes
sd0 necessarias para um grau adequado de crescimento € de mineralizagao
6ssea (FILHO et al, 2016). Os RNPT também podem apresentar musculatura
abdominal e esofagica subdesenvolvidas, o que pode resultar em algum risco
decorrente da alimentacdo, tais como distensao abdominal, vOmitos e

aumento do esfor¢o respiratério (BROOKS et al, 2013).

2.2 A nutricio do recém-nascido pré-termo

A nutricdo dos RNPT, principalmente os de muito baixo peso e

extremo baixo peso deve ser encarada como uma emergéncia nutricional, tao
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importante quanto medidas de suporte ventilatério e hemodinamico
(NUNES; GOMES, 2016).

E consenso a utilizagio do LH na alimentacio do RNPT, com muito
baixo peso, preferencialmente o leite da propria mae, devido a melhor
adaptagao fisiologica para o atendimento das necessidades nutricionais e de
modulagcdo imunologica e enddcrina do crescimento e desenvolvimento
dessas criancas, nao apenas no inicio da vida pds-natal, como ao longo do
primeiro ano de vida. Qualidades estas que para os RNPT adquirem maior
importancia por apresentarem condigdes iniciais de vida mais vulneraveis
(FILHO et al, 2016).

Normalmente os RNPT necessitam de cuidados intensivos dentro de
Unidades de Terapia Intensiva Neonatal (UTIN), o que pode se extender por
semanas ou meses. Durante este tempo, estes lactentes estdo frequentemente
muito debilitados ou despreparados para receber leite diretamente do seio
materno e, muitas vezes, devem ser alimentado via sonda (BROOKS et al,
2013).

O suporte nutricional, mesmo nos RNs criticamente enfermos, deve
ser introduzido assim que possivel, pois oferece beneficios troficos
nutricionais, previne atrofia da mucosa, estimula maturacao intestinal, reduz
incidéncia de enterocolite necrosante (NEC) e evita nutri¢do parenteral
(NPT) prolongada.

Embora os RNPT de extremo baixo peso (menos de 1000g) sejam
dependentes de NPT nos primeiros dias de vida, a administracdo de dieta
enteral minima tem sido indicada no suporte nutricional (CARVALHO;
COSTA 2014). A presenca de nutrientes intraluminais parece estimular o
desenvolvimento da mucosa gastrintestinal, maturacao da atividade motora
intestinal e o aumento da secre¢do de peptideos e hormonios regulatorios. A
administragdo precoce de quantidades minimas de alimentacdo enteral,

independente da nutri¢ao parenteral, tem-se mostrado segura e benéfica para
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os RNPT. A chamada alimenta¢do enteral minima ou trofica consiste em
administrar pequenos volumes de leite, com o objetivo de fornecer nutrientes
e, principalmente, estimular diretamente o desenvolvimento do sistema
gastrintestinal sem aumentar a gravidade da doenca (NUNES; GOMES,
2016).

Evidéncias recentes apoiam o papel fundamental de uma microbiota
de intestino saudavel na promog¢do e manutencdo da resposta imune
equilibrada e no estabelecimento da barreira intestinal no pos-natal imediato.
No entanto, em RNPT, o desenvolvimento da microbiota ¢ interrompido por
eventos relacionados a prematuridade: tipo de parto, uso de antibidticos,
minima exposi¢do a flora materna e baixa ingestdo de leite materno. Tal
desequilibrio, chamado disbiose, resulta em barreira de defesa alterada e
fun¢ao imune deficiente, o que pode estar associado a NEC e sepse neonatal
(ACETI et al, 2017).

Na impossibilidade de oferecer o leite da propria mae, considera-se
como segunda op¢do o leite humano pasteurizado (LHP). A pasteurizagado ¢
um tratamento térmico, conduzido a 62,5°C por 30 minutos, aplicado ao leite
humano ordenhado, com o objetivo de inativar 100% dos microrganismos
patogénicos € 99,99% da microbiota saprofita (BRAGA, PALHARES, 2007,
ACETI et al, 2017).

No cotidiano da assisténcia neonatal, observa-se a relevancia do apoio
¢ incentivo ao aleitamento materno, associados a disponibilizagdo dos
recursos necessarios ao armazenamento e oferta do LH a populacao de RNs

que deste necessitam (SASSA et al, 2017).

2.3 Composic¢ao nutricional do leite humano

Alguns fatores podem influenciar a composicao do LH, entre eles, a

individualidade genética, a nutricio materna € o periodo de lactagdo,
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havendo diferencas na concentracao de nutrientes nas trés denominacgdes de
LH referidas pela Agéncia Nacional de Vigilancia Sanitdria - ANVISA
(2008): o colostro (secrecao até 7 dias apds o parto), o leite de transi¢ao (de
7 a 14 dias ap6s o parto) e o leite maduro (a partir de 14 dias apds o parto).

A principal variagdo biologica do LH ¢ aquela que ocorre durante a
mamada. O leite que sai no inicio, chamado anterior, ¢ mais aquoso, pois
contém menos gordura. O leite do final da mamada, chamado posterior,
contém maior quantidade de gordura e, consequentemente, mais calorias.
Desse modo, deve-se garantir que a crianga esvazie uma mama a cada
mamada (VITOLO, 2015).

O colostro ¢ um liquido amarelado e espesso, com alta concentragdo
proteica e menos lactose. E importante ressaltar que este alto teor de proteina
compoe-se de proteinas ndo nutricionais, mas sim de proteinas relacionadas
aos aspectos imunoldgicos (imunoglobulinas). As concentragdes de sodio,
potassio, cloro e zinco sdo maiores nesses primeiros dias. As vitaminas
lipossoltiveis A, E e carotenoides também estdo presentes em altas
concentragdes (VITOLO, 2015).

O leite maduro apresenta em sua composi¢do vitaminas, minerais €
oligoelementos em quantidades que atendem as necessidades dos lactentes.
A quantidade de ferro ¢ pequena, porém tem alta disponibilidade, o que o
torna suficiente para atender as necessidades do RN (VITOLO, 2015).

No LH sao encontrados varios minerais altamente biodisponivelis,
sendo estes componentes estruturais de tecidos, tendo em altas quantidades
o calcio, fosfato, potassio, sodio, magnésio e cloreto. E em pequenas
quantidades: ferro, cobre e manganés (CARMO et al., 2004). Além disso, o
LH apresenta as poliaminas (espermina e espermidina) que sao substancias
que apresentam uma funcdo significativa na regulacdo do crescimento e
proliferagdo celular e as aminas biogénicas que sao vasoativas ou neuroativas

(LARQUE et al., 2007).
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O fato de a mulher ter um parto prematuro ¢ capaz de alterar a
composicao do leite que ela produz, fazendo com que este se adapte as
necessidades do RNPT. Esta adaptacao faz com que este leite, especialmente

nas primeiras duas semanas, contenha concentragdes maiores de calorias,

proteinas, gorduras e IgA (DELPINO; AULER, 2008; FILHO et al 2016).

2.3.1 Proteinas

Do conteudo proteico no LH, 80% ¢ lactoalbumina, enquanto que no
leite de vaca essa propor¢ao € de caseina. A relacao proteinas do soro/caseina
no LH ¢ aproximadamente 80/20, enquanto no leite bovino ¢ 20/80. A baixa
concentragdo de caseina no LH resulta na formacao de coalho gastrico mais
leve, com floculos de mais facil digestdo e com reduzido tempo de
esvaziamento gastrico. O LH contém também, diferentemente do leite de
vaca, maiores concentragdes de aminoacidos essenciais de alto valor
bioldgico (cistina e taurina) que sdo fundamentais ao desenvolvimento do
sistema nervoso central. Isso € particularmente importante para o RNPT, que
ndo consegue sintetiza-los a partir de outros aminoacidos por deficiéncia
enzimatica (SILVA et al., 2007).

O conteudo médio de proteina no LH no primeiro més apods o
nascimento ¢ de 1,3g/100mL, posteriormente, ocorre a redugdo para
1,15g/100mL (variagdo entre 1,13 ge 2,07g/100mL). As principais proteinas
sdao aquelas encontradas no soro e constituem cerca de 60% de seu teor
proteico total. Sua composicdo inclui alfa-lactoalbumina, lactoferrina,
lisozima, soroalbumina e imunoglobulinas (DELPINO; AULER, 2008). No
colostro, a relagcdo proteinas do soro/caseina chega a ser de 90% e 10%,
respectivamente, em razao da presenca das imunoglobulinas (VITOLO,

2015).
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As 1munoglobulinas que participam do sistema de defesa do
organismo do RN, também, estdo presentes no LH. A IgA representa cerca
de 90% das imunoglobulinas presentes no colostro e no leite maduro, sendo
suas concentragoes médias, nestas duas fases, de 1740 mg/dL e 100 mg/dL,
respectivamente. Ja as imunoglobulinas, IgM e IgG, estdo presentes no leite
humano em quantidades menores (CARBONARE; CARNEIRO-
SAMPALIOQ, 2006; SILVA et al, 2007).

2.3.2 Carboidratos

O principal carboidrato presente no LH ¢ a lactose (70%) e o restante
estd na forma de polissacarideos com bioatividade especifica e funcgdes de
prote¢do. A lactose ¢ um dissacarideo composto de dois monossacarideos,
galactose e glicose. A alta quantidade de lactose do LH ¢ favoravel ao
metabolismo do sistema nervoso. Além da lactose, o LH apresenta em média
1g/dL de oligossacarideos, cujas fun¢des mais conhecidas sdo a proliferacao
do Lactobacilus Bifidus na flora intestinal e, indiretamente, a prote¢ao contra
infeccoes grastrintestinais (VITOLO, 2015). A lactose encontra-se numa
concentragdo meédia de 4g/100mL no colostro, e entre 6 ¢ 7g/100mL no leite

maduro (DELPINO; AULER, 2008).

2.3.3 Lipidios

O LH contém de 3 a 5% de lipidios, dentre os quais 98% sdo de
triacilglicerois, 1% de fosfolipidios e 0,5% de esterois. Os lipidios
apresentam-se na forma de globulos de cerca de 4 um de didmetro em
emulsdo do tipo oleo em agua, que ¢ estabilizada por uma membrana

contendo fosfolipidios e proteinas. Cerca de 50% do valor caldrico total do
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LH ¢ proveniente da gordura, que ¢ fonte de colesterol, acidos graxos
essenciais e vitaminas lipossoluveis (SILVA et al., 2007).

Os lipides do LH sdo facilmente digeriveis e absorviveis em
decorréncia da acdo combinada de varios fatores, tais como a organizacao
do gloébulo de gordura, a composi¢dao de acidos graxos e comprimento de
suas cadeias, a distribuicao dos acidos graxos na molécula do triglicéride e
as atividades enzimaticas complementares. Existem duas lipases no LH,
cujas quantidades sdo suficientes para hidrolisar 30 a 40% dos triglicérides
em duas horas, complementando a acdo das lipases gastrica e pancredtica. A
mais importante delas, a lipase estimulada por sais biliares, depende da
presenga de pequenas quantidades desses sais para participar da digestdo
intestinal dos lipides lacteos, sendo ativa mesmo em RNPT. A outra ¢ lipase
lipoprotéica com acdo na glandula mamaria, facilitando a captacdo e a
hidrolise das lipoproteinas provenientes do plasma para o LH (CALIL;
FALCAO, 2003).

Os principais acidos graxos existentes no LH restringem-se aqueles
com cadeias de 12 a 18 carbonos, ou seja, acidos laurico, miristico,
palmitico, palmitoléico, estedrico, oléico, linoléico e linolénico. Os acidos
linoléico e linolénico, considerados como 4acidos graxos essenciais, Sao
precursores dos acidos graxos poliinsaturados de cadeia longa (LCPUFA) —
acido araquidonico e acido docosahexaenoico. Estes, sendo componentes
dos fosfolipides das membranas celulares, exercem importante papel no
crescimento e desenvolvimento do sistema nervoso, por meio da
mielinizacdo e também da fung¢do retiniana. Ademais, sdo precursores dos
mediadores  inflamatérios, como  prostaglandinas, prostaciclinas,
tromboxanes e leucotrienos (CALIL e FALCAO, 2003).

O RNPT, em especial aquele de muito baixo peso, possui capacidade

limitada para sintetizar os LCPUFA a partir de seus precursores, de onde se
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infere a importancia de sua oferta a partir do leite humano (CALIL e
FALCAO, 2003).

A composi¢dao nutricional do LH, especialmente em relacdo ao
componente lipidico, apresenta variagdes bioldgicas inerentes ao processo
da lactagdo. Durante a mamada existe uma elevagdo significativa do
conteudo de gorduras, possuindo o leite final ou posterior por volta de trés
vezes a concentragdo lipidica do leite inicial ou anterior (CALIL e FALCAO,
2003). O LH ordenhado contém, aproximadamente, 40 g de gordura/L e 700
kcal/L. (VITOLO, 2015).

2.4 Armazenamento e administracio de dietas de RNPT

internados

Quando o RNPT apresenta incoordenagao entre a suc¢ao, degluticao
e respiragdo, ¢ indicada alimentacdo intermitente através de sondas naso ou
orogastrica (SILVA, 2009).

A alimentacdo do neonato que nao se da pela amamentag¢ao ao seio
materno, implica em coleta, manipulagdo, estocagem e administracao do LH.
Esses procedimentos podem comprometer a qualidade nutricional do leite,
privando, especialmente os RNPT, de uma quantidade significativa de
calorias provenientes da gordura (ABRANCHES et al., 2014).

Toda nutricdo enteral deve ser acondicionada em recipiente atoxico,
compativel fisico-quimicamente com a composicao do seu contetido, que
mantenha a qualidade microbiolégica do seu conteudo durante a
conservacao, transporte e administracdo (BRASIL, 2000). Segundo a
resolug¢do da diretoria colegiada (RDC) 171 de 4 de setembro de 2006, a
embalagem para armazenamento do LHC deve ser de facil limpeza e
desinfecgao, resistir ao processo de esterilizacdo, apresentar vedamento de

forma a garantir a integridade do produto, ser constituida de material inerte
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e indcuo ao leite humano ordenhado (LHO) em temperaturas na faixa de -25
°C (vinte e cinco graus Celsius negativos) a 128 °C (cento e vinte e oito graus
Celsius) que preserve seu valor bioldgico. A preservacdo do contetido
nutricional do LH ¢ uma intervencao importante para manter o crescimento
¢ desenvolvimento do lactente (BROOKS et al, 2013).

Alguns estudos evidenciaram perda calorica e de nutrientes quando se
oferece dieta aos RNs internados, principalmente quando a opg¢ao ¢ de forma
continua e ndo por gavagem (NARAYANAN et al, 1984; VIEIRA et al,
2004; ROGERS et al, 2010; BROOKS et al, 2013 e JARJOUR et al, 2015).
Para os RN, principalmente de muito baixo peso, ¢ fundamental que se saiba
qual o valor calorico realmente ofertado. H4 uma relagdo inversa entre o
tempo de infusdo e o valor de lipideos, considerando a adesao deste nutriente
ao plastico das sondas (ABRANCHES et al, 2014).

A analise da influéncia do manuseio do LH nos macronutrientes, desde
sua obten¢do até a oferta final ao RN, ¢ de grande importancia quando se
considera os efeitos da nutrigdo adequada para o crescimento e
desenvolvimento dos RNPT. A perda de gordura ¢, em geral, atribuida a
aderéncia desta no frasco, a lipolise ou a peroxidacdo de lipidio
(ABRANCHES et al., 2014).

A recomendagdo para alimenta¢dao dos RN internados ¢ o LHC da
propria mae, sem sofrer o processo da pasteurizacdo, congelamento ou
descongelamento. Além disso, recomenda-se para o armazenamento frascos
de vidro com tampa plastica. No entanto, os copinhos de polipropileno
esterilizaveis se encaixam nas recomendagdes da ANVISA (BRASIL, 2006)
e tem sido amplamente utilizados para o armazenamento do LHC em
unidades hospitalares.

Uma vez que a perda de gordura durante a administracdo das dietas
tem sido atribuida, principalmente, a aderéncia ao plastico, ha a necessidade

de constatar-se também se ha perda durante o armazenamento do LHC sob
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refrigeracdo, em recipiente plastico proprio para este fim, por até 12 horas
conforme recomendac¢do da ANVISA (BRASIL, 2008), afim de conhecer o
valor calorico realmente ofertado para os RNPT internados em unidades

neonatais.

2.5 Prejuizos causados pela privacio de gorduras e calorias nas

fases iniciais da vida

A preocupagdo em fornecer nutrientes ao RNPT justifica-se pela
necessidade de estimular o crescimento € o desenvolvimento fisicos
semelhantes a idade gestacional intrauterina (FILHO et al, 2016).

Dado o aumento das taxas de partos prematuros, ¢ essencial criar
estratégias que diminuam as taxas de sequelas neuroldgicas, uma vez que
estas podem afetar até¢ 40% dos RNPT. (STEPHENS et al, 2009). Otimizar
o suporte nutricional inicial demonstrou melhorar o desenvolvimento
neuroldgico em RNPT.

Durante as primeiras duas semanas ap6s o parto, os RNPT sdo muito
vulneraveis a nutricdo deficiente. A ingestdo caldrica, relacionada a
proteinas e lipidios, apresentou correlacdo positiva com os resultados
cognitivos e motores, além de quociente de inteligéncia mais elevados.
(BEAUPORT, 2016; dit TROLLI et al, 2012).

Alguns estudos realizados com ressonancia magnética investigaram os
efeitos de fatores nutricionais na morfologia cerebral. O estudo de Beauport
et al. (2016), evidenciou associacdo entre a nutricdo precoce € O
desenvolvimento do cérebro em neonatos muito prematuros. Além disso,
observaram forte e consistente associagdo negativa entre as quantidades de
calorias e ingestdo de gordura durante as duas primeiras semanas de vida e a

gravidade das lesdes cerebrais. Modelos ajustados estimou que um aumento
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de 10 Kcal/kg/dia ou o aumento de 0,7 g/kg/dia na ingestdo de lipidios
reduziria o risco de anormalidade neuroldgica em 60% dos RNPT.

Estes resultados corroboram com os achados de Embleton et al. (2001),
Isaacs et al. (2008) e Stephens et al. (2009) que concluiram que os RNPT
acumulam déficits nutricionais significativos nas primeiras semanas de vida,
principalmente energético, e que estes déficits podem estar diretamente
relacionados ao atraso no crescimento e desenvolvimento do cérebro destes

RNPT.
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3. OBJETIVOS

3.1 OBJETIVO GERAL
Comparar a perda de gordura durante o armazenamento do LHC sob
refrigeracdo, em recipiente plastico proprio para este fim, comparado ao

recipiente de vidro.

3.2 OBJETIVOS ESPECIFICOS
- Determinar a perda do teor de gordura e do valor calorico do leite

humano cru armazenado sob refrigeragdo em recipiente plastico ao longo do

tempo (Oh, 3h, 6h, 9h e 12h).

- Determinar a perda do teor de gordura e do valor calorico do leite
humano cru armazenado sob refrigeracdo em recipiente de vidro ao longo do

tempo (Oh, 3h, 6h, 9h e 12h).
- Descrever a perda de calorias ao longo do tempo

- Verificar a perda de calorias e gorduras nos trés tipos de leite

(colostro, transi¢cao ¢ maduro)
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Artigo 1: Comparison of calorie loss in the fat of raw human milk taken
from mothers of preterm infants and stored in plastic and glass recipients
under refrigeration.

Lorena O. Nogueira, Lélia Maria Madeira, Daniela M. L. M. Ferreira,
Vania Olivetti Steffen Abdallah, Janser Moura Pereira, Vivian M. G.
O. Azevedo.
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Comparison of calorie loss from fat of raw human
milk taken from mothers of preterm infants and
stored in plastic and glass recipients wunder
refrigeration
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Objective: This study compared the loss of calories during the storing of raw human milk
(RHM) under refrigeration, in plastic recipients compared to glass recipients. Method:
This is a cross sectional study, in which 38 mothers of preterm infants participated. The
RHM was collected in plastic and glass recipients, which totaled 76 samples. The
variables analyzed were the percentage of fat and energy content by using the
Creamatocrit method, in triplicate under the following strategy: immediate sample and
samples refrigerated for 3, 6, 9 and 12 hours. The multiple comparison of portions was
performed using free R software. Results: There was a noted caloric loss in 63.2% of the
samples analyzed in the plastic recipients and 57.9% in the glass recipients. However,
when fat content (p = 0.366) and caloric value (p = 0.158) were compared between the
recipients, there was no significant statistical difference observed. The loss of caloric
value total (Kcal/12h) was 676,99 in plastic and 240,37 in glass (p = 0,229). The loss in
fat content for the plastic recipient storage group was 2.2 times higher when compared to
glass, and in relation to energy, the plastic recipient group presented a loss 2.7 times
greater than glass. Conclusions: As there occurred caloric loss in the raw human milk
stored in plastic as well as in the glass recipient, we suggest the raw human milk is
administered to the preterm infants as soon as possible after extraction.

Keywords: human milk; storage of human milk; loss in calories; fat content, fat
loss, preterm infant.
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Introduction

Human milk contains the necessary nutrients for the growth and development of
newborn infants, besides having a number of bioactive factors that produce beneficial
effects on the immune system and gastrointestinal maturation.">. The World Health
Organization recommends that all children receive only human milk until the sixth month
of age, and supplemented until two years of age or more.>*

The critically infirm preterm infant is a fragile being, which presents a high degree
of physiological immaturity.’> During admission, these infants are frequently very frail or
unprepared to receive milk directly from their mother's breast, and on many occasions,
need to be fed through feeding tubes.® This implies in the collection, manipulation, storing
and administration of raw human milk. These processes can compromise the nutritional
quality of the milk, thus denying the preterm infants of a significant portion of calories
that come from fat.” According to current legislation and international protocols,®!* the
container for storing raw human milk should be easy to clean and disinfect, be resistant
to sterilization processes, close tightly in a way that guarantees the integrity of the
product, be constituted of a material that is inert and innocuous to human milk at
temperatures of -25 to 128°C. The container should also not allow undesirable exchanges
to occur with the added product, while maintaining its biological value. The
recommendation is that for the storing of human milk, one uses glass flasks with a plastic
lid.!"! However, sterilizable polypropylene flasks fit into these recommendations and have
been widely used for the storing of raw human milk in hospital units.

Studies have already shown caloric and nutritional loss when admitted preterm
infants are provided their diet, principally when the option is in continual form by means
of feeding tubes and not gavage (intermittent).>'?16 There exists an inverse relationship
between the infusion period and the lipid content, when considering the adhesion of this
nutrient to the plastic of the feeding tubes. The loss of fat, in general, is attributed to the
adherence of the fat in the flask, to lipolysis or to lipid peroxidation.’

The moment that the loss of fat during the administration of diets had been attributed,
in its greater part, to its adherence to plastic, the objective of this study became to compare
the loss during the storage of raw human milk under refrigeration, in plastic recipients

appropriate for such storage. However, still investigating through the comparison of
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corresponding glass recipients, in an effort to discern the real caloric value offered to
preterm infants, while admitted to neonatal units and allow for improved strategies to be

implemented into the nutritional therapy.

Materials and Methods

This is a cross sectional study performed at the Sofia Feldman Hospital, the largest
maternity in terms of births for the whole of Brazil. Highlighted here is the fact that Brazil
possesses the largest and most complex Human Milk Bank Network in the world, and is
a model for international cooperation in more than 20 countries of the Americas, Europe
and Africa.!!

The raw human milk from mothers that had premature births (<37 weeks of gestation)
was collected at the human milk collection room at the Sofia Feldman Hospital, always
during the morning (between 06am and 07am), through manual extraction. A single donor
collected their milk in a plastic flask and following this, in a glass flask, creating in this
fashion pairs for analysis. Those women, whose infants were not admitted to the neonatal
units of the hospital, as well as those that did not manage to collect the volume required
of raw human milk, were excluded from this research study.

In order to calculate the sample size, the Diggle methodology was used.!” By
considering a 5% significance level, a test power of 80%, a mean effect size,'® and an
intraclass correlation of 0.5, the decision was made to collect 38 samples from each group
(plastic and glass), reaching a total of 76 samples.

In each recipient (plastic and glass), 15 ml of raw human milk were collected from
the same donor, where 75 microliters were necessary for each analysis. The procedure
was performed in triplicate under the following strategy: immediate sample and samples
refrigerated for 3, 6, 9 and 12 hours.

The material was collected, initially, in a plastic sterile recipient appropriate for this
particular process (sterilizable polypropylene flasks with a lid), and following this in a
glass recipient with a plastic lid. Noteworthy here is that the collection of the milk was
performed in a posterior approach, after the mother had removed milk for their infant and
only then for the study.

The analyzed variables were the percentage of fat and the energy content of each

sample through the quality control method for human milk - Creamatocrit. This method
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is the most widely used method for determining the energy content of human milk, as
proposed by Lucas et al.'” in 1978 and later modified by Wang et al.2® in 1999, which
consists of centrifuging milk samples, measuring the quantity of fat that exists, and by
means of specific mathematical calculations, determine its energy content.'!

The samples were heated in a water bath at 40°C, homogenized in vortexes for 15
seconds. Then, these were transferred to capillary tubes and centrifuged for 15 minutes in
micro hematocrit centrifuge. The total layer of cream and the column were measured in
millimeters. The percentage of cream, fat and the energy content were calculated using

the following expressions:

Cream Colunm (mm) x 100

% C =
% Cream Colunm total(mm)

(% cream — 0.59)

% of Fat = 176

Energy content (Kcal per litre) = % of cream x 66.8 + 290

The analysis of variance (ANOVA) was used with measurements repeated over time
in order to evaluate fat content and the caloric value in relation to the time factors (0, 3,
6, 9 and 12 hours) and type of recipient (plastic or glass). The multiple comparison of
portions was performed on the software free R Development Core Team.?!
This study was submitted and approved by the Research and Ethics committee at the

Sofia Feldman Hospital (registration number 1.291.870).

Results

From the total of 50 mothers invited to participate, 12 did not manage to collect the
total volume of raw human milk intended and were subsequently excluded from the study.
A total of 76 raw human milk samples were collected, 38 in plastic flasks and 38 in glass
flasks.

The characterization of the women and their respective newborn preterm infants is

represented on Table 1.
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Table 1 Characterization of the women and the newborn preterm infants included in the

study.
Variables n %
Maternal Age

<21 years 10 26.4
Between 21 and 30 years 14 36.8
>30 years 14 36.8

Gestational Age
<28 weeks 7 18.4
28 t0<32 weeks 23 60.5
32 to<37 8 21.1

Weight at Birth
<1000g 12 31.6
1000g to<1500g 15 39.4
1500g t0<2500g 10 26.4
>2500g 1 2.6

Type of Birth
Normal 21 55.3
Cesarean 17 44.7
Period of Lactation

Colostrum (until 7 days after birth) 18 47.2
Transitional (from 7 to 14 after birth) 10 26.4
Mature (14 days or more after birth) 10 26.4

In regards to the classification of the raw human milk samples collected, the majority
(47.2%) was of colostrum. Note from figure 1 that both the fat content (p=0.02) and the
caloric value (p=0.01) were higher in the milk classified with colostrum, when compared
to both transitional and mature milk. There was no difference found in the mature and

transitional milk averages over the two variables analyzed.
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Figurel. Comparison of the averages for the fat content and the caloric value over the
refrigeration period between the different classifications for human milk: 1-colostrum; 2-
transitional; 3- mature.

The results from the comparisons for the averages of fat content and caloric value

between the plastic and glass recipients were synthetized in Figure2. One notes that

statistically there was no difference regarding the types of recipient over the refrigeration

period for the loss of fat content (p=0.87) neither for the loss of caloric value (p=0.76).

Caloric Value (kcal /1)

%)

4.4

Fat content (%

Time {hours) by type of recepient (Glass - V and Plastic - P}

46 47

45

41 42 43

40

Time (hours) by type of recepient (Glass — V and Plastic - P)

Figure 2 Comparison between the average values for fat content and caloric value

between plastic and glass recipients over the different refrigeration periods analyzed.



30

There was a noted caloric loss in 63.2% of the samples analyzed in the plastic
recipients and 57.9% in the glass recipients. However, when fat content and caloric value
were compared between the recipients, there was no significant statistical difference
observed. For the comparison of the loss in percentage of the fat content and of the caloric
value total, was taken into account the times 0 and 12 hours. With concerning to the loss
of the caloric value total in absolute numbers, it was taken into account all the analyzed

time - 0, 3, 6,9 and 12 h (Table 2).

Table 2 Total loss for fat content and caloric value in the plastic and glass recipients.

Recipients Loss of Fat  P-value  Loss of Caloric  P-value Loss of Caloric P-value
Content Value Total Value Total
(mean) (mean) (Kcal/12h - mean)
Plastic 0.147 0.366 17.816 0.158 688.347 0,229
Glass 0.068 6.326 692.772

Student's t-Test (paired)

Discussion

Although there was no significant statistical difference observed between the plastic
and glass recipients, when dealing with the loss of fat content and consequently the
decrease in caloric value of raw human milk, there occurred a loss 2.2 times greater in fat
content and 2.7 times greater in caloric value in the samples stored in plastic recipients
compared to those stored in glass recipients. This result reinforces the hypothesis that
there was greater adherence of fat globules to plastic, which denies those receiving this
milk an important quantity of fat and calories. In clinical practice, the decrease in caloric
value harms the growth and development of the preterm infants, which can result in longer
hospital admittance periods in the ICU and greater vulnerability to infections.

The loss of fat is generally attributed to its adherence to the flask, to lipolysis or to
lipid peroxidation. The reduction in fat content in thawed raw human milk was also
verified in other studies, which also suggested that lipolysis would continue to occur in
frozen milk. Still fat separates easily and adheres to the flask, tubes and syringes, which

reduces the quantity offered to the newborn.”-*?
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The deficiency of calories and fat at this initial phase of life is correlated to impaired
growth and a deficient neurological development. According to Beauport et al.*> and
ditTrolli et al.>*, the higher intake of energy and lipids during the first weeks after birth
was associated with a lower occurrence of cerebral lesions and better motor and cognitive
development in preterm infants.?* These results corroborate with the findings of Embleton
etal.?, Isaacs et al.?® and Stephens et al.?’ that concluded that preterm infants accumulate
significant nutritional deficits during the first weeks of life, mainly in the form of energy,
and that these deficits can be directly related to delays in growth and development in these
preterm infants.

The number of children born prematurely that survive has increased sharply over
recent decades, and as such, the need for adequate nutrition for preterm infants is now
one of the greatest challenges to neonatology. Adequate nutrition is essential to the
growth and the cognitive and motor development, over the short and long term, especially
for those preterm infants of very low weight and extreme low weight and this needs to be
looked upon as a nutritional emergency.?®2° The worry around the slow speed of weight
gain of preterm infants fed exclusively on human milk induces on many occasions the
use of milk formulas, without a prior evaluation concerning the quality of the human milk
offered.'?

Immediately after extraction, the raw human milk should be submitted to rapid
refrigeration, in order to ensure the end temperature as equal to or lower that 5°C. Under
this temperature, the enzymes of human milk, as well as those integrated on the metabolic
pathways of contaminating microorganisms, have their speed considerably reduced,
which guarantees that undesirable reactions do not occur for periods of up to 12 hours.'!

The evaluation of the caloric content of the milk that actually reaches the preterm
infants, and the encouraging of the use of milk from the mothers themselves, could be the
best way forward in dealing with adequate nutrition for this particular population.'® The
fat in milk contributed to more than 55% of the non-protein energy content that contains
fatty acidsm-3 andw-6 that possess very long chains, essential to the development of the
neonatal infant.*°

We highlight the possible biases surrounding this study concerning the fat content
found, which may be the result of different stages of lactation (colostrum, transitional,
and mature), along with the individual characteristics of the donors (alimentary habits).
However, this was minimized through the instruction to first remove the milk destined to

their infant, then after for the research study (posterior milk). In addition, the same woman
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collected milk in both recipients (plastic and glass), thus creating sample pairs from a
single donor.

Due to the lack of publications concerning this specific theme — loss of calories in
raw human milk taken from mothers of preterm infants during storage procedures - in
worldwide databases, the present study is considered to be of high clinical relevance and
widens the possibilities for the elaboration of strategies associated with nutritional
therapy of neonatal infants.

Although there was no significant statistical difference observed between the plastic
and glass recipients over the 12 hours of refrigeration, there occurred losses in the fat
content as well as the caloric value of the raw human milk stored in plastic recipients
when compared to that stored in glass recipients. It has great nutritional value since the
recipients of this human milk are very debilitated newborns.

As there occurred caloric loss in the raw human milk stored in plastic as well as in
the glass recipient, we suggest the raw human milk is administered to the preterm infants

as soon as possible after extraction.
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	Introdução: O leite humano (LH) contém nutrientes necessários para o crescimento e desenvolvimento do recém-nascido, além de possuir numerosos fatores bioativos benéficos para o sistema imunológico e para a maturação gastrointestinal. A alimentação do...
	Purpose: Human milk (HM) contains the nutrients necessary for the development of a newborn infant. The feeding of the preterm infants admitted to neonatal units, which does not occur directly from the mother’s breast, implies in the collecting, manipu...
	Estes resultados corroboram com os achados de Embleton et al. (2001), Isaacs et al. (2008) e Stephens et al. (2009) que concluíram que os RNPT acumulam déficits nutricionais significativos nas primeiras semanas de vida, principalmente energético, e qu...
	Objective: This study compared the loss of calories during the storing of raw human milk (RHM) under refrigeration, in plastic recipients compared to glass recipients. Method: This is a cross sectional study, in which 38 mothers of preterm infants par...
	Introduction
	Materials and Methods
	This is a cross sectional study performed at the Sofia Feldman Hospital, the largest maternity in terms of births for the whole of Brazil. Highlighted here is the fact that Brazil possesses the largest and most complex Human Milk Bank Network in the w...
	The raw human milk from mothers that had premature births (<37 weeks of gestation) was collected at the human milk collection room at the Sofia Feldman Hospital, always during the morning (between 06am and 07am), through manual extraction. A single do...
	In order to calculate the sample size, the Diggle methodology was used.17 By considering a 5% significance level, a test power of 80%, a mean effect size,18 and an intraclass correlation of 0.5, the decision was made to collect 38 samples from each gr...
	In each recipient (plastic and glass), 15 ml of raw human milk were collected from the same donor, where 75 microliters were necessary for each analysis. The procedure was performed in triplicate under the following strategy: immediate sample and samp...
	The material was collected, initially, in a plastic sterile recipient appropriate for this particular process (sterilizable polypropylene flasks with a lid), and following this in a glass recipient with a plastic lid. Noteworthy here is that the colle...
	The analyzed variables were the percentage of fat and the energy content of each sample through the quality control method for human milk - Creamatocrit. This method is the most widely used method for determining the energy content of human milk, as p...
	The samples were heated in a water bath at 40ºC, homogenized in vortexes for 15 seconds. Then, these were transferred to capillary tubes and centrifuged for 15 minutes in micro hematocrit centrifuge. The total layer of cream and the column were measur...
	The analysis of variance (ANOVA) was used with measurements repeated over time in order to evaluate fat content and the caloric value in relation to the time factors (0, 3, 6, 9 and 12 hours) and type of recipient (plastic or glass). The multiple comp...
	Results
	From the total of 50 mothers invited to participate, 12 did not manage to collect the total volume of raw human milk intended and were subsequently excluded from the study. A total of 76 raw human milk samples were collected, 38 in plastic flasks and ...
	The characterization of the women and their respective newborn preterm infants is represented on Table 1.
	In regards to the classification of the raw human milk samples collected, the majority (47.2%) was of colostrum. Note from figure 1 that both the fat content (p=0.02) and the caloric value (p=0.01) were higher in the milk classified with colostrum, wh...
	The results from the comparisons for the averages of fat content and caloric value between the plastic and glass recipients were synthetized in Figure2. One notes that statistically there was no difference regarding the types of recipient over the ref...
	Figure 2 Comparison between the average values for fat content and caloric value between plastic and glass recipients over the different refrigeration periods analyzed.
	There was a noted caloric loss in 63.2% of the samples analyzed in the plastic recipients and 57.9% in the glass recipients. However, when fat content and caloric value were compared between the recipients, there was no significant statistical differe...
	Table 2 Total loss for fat content and caloric value in the plastic and glass recipients.
	Student's t-Test (paired)

	Discussion
	Although there was no significant statistical difference observed between the plastic and glass recipients, when dealing with the loss of fat content and consequently the decrease in caloric value of raw human milk, there occurred a loss 2.2 times gre...
	The loss of fat is generally attributed to its adherence to the flask, to lipolysis or to lipid peroxidation. The reduction in fat content in thawed raw human milk was also verified in other studies, which also suggested that lipolysis would continue ...
	The deficiency of calories and fat at this initial phase of life is correlated to impaired growth and a deficient neurological development. According to Beauport et al.23 and ditTrolli et al.24, the higher intake of energy and lipids during the first ...
	The number of children born prematurely that survive has increased sharply over recent decades, and as such, the need for adequate nutrition for preterm infants is now one of the greatest challenges to neonatology. Adequate nutrition is essential to t...
	Immediately after extraction, the raw human milk should be submitted to rapid refrigeration, in order to ensure the end temperature as equal to or lower that 5 C. Under this temperature, the enzymes of human milk, as well as those integrated on the me...
	The evaluation of the caloric content of the milk that actually reaches the preterm infants, and the encouraging of the use of milk from the mothers themselves, could be the best way forward in dealing with adequate nutrition for this particular popul...
	We highlight the possible biases surrounding this study concerning the fat content found, which may be the result of different stages of lactation (colostrum, transitional, and mature), along with the individual characteristics of the donors (alimenta...
	Due to the lack of publications concerning this specific theme – loss of calories in raw human milk taken from mothers of preterm infants during storage procedures - in worldwide databases, the present study is considered to be of high clinical releva...
	Although there was no significant statistical difference observed between the plastic and glass recipients over the 12 hours of refrigeration, there occurred losses in the fat content as well as the caloric value of the raw human milk stored in plasti...
	As there occurred caloric loss in the raw human milk stored in plastic as well as in the glass recipient, we suggest the raw human milk is administered to the preterm infants as soon as possible after extraction.
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