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O QUE E UM CARBOIDRATO?
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O QUE E FIBRA ALIMENTAR?2



de Fibra alimentar

Hipsley - conceito . . o
[ Primeira definicao brasileira ]

MINISTERIO DA SAUDE - Portaria N°41

Trowell — Primeira definicao
“Fibra alimentar consiste no residuo da
parede celular vegetal, polissacarideos,
lignina e substancias associadas
resistentes a digestdao (hidrélise) por

\enzimas digestivas humanas”

ANVISA - RDC n° 360
“Fibra alimentar é qualquer material
comestivel que ndo seja hidrolisado
pelas enzimas enddgenas do trato
L digestivo humano.”

J

Definicao da American
Association of Cereal
Chemists (AACC)

1953

|_I

1974

] [

1998 2001 2003

Definicdo proposta

pelo Codex
Alimentarius

2008

Fibra detergente acida
Fibra detergente neutra

1976 - 1981 1985 1991
— 1 — —
AOAC 985.29 AOAC991.43
Fibra bruta

2009

2011

2017

AOAC 2011.25

AOAC 2009.01

AOAC 2017.16




CODEX ALIMENTARIUS
1963

2008

Forum internacional de normatizacao do comércio de alimentos;
Visa garantir a seguranca, a qualidade e a equidade deste comércio;

Implantacao de normas, codigos de boas praticas, orientacdes e outras
recomendacdes relativas a alimentos, producao de alimentos e seguranca

alimentar.
S\
gy World Health
34/ Organization

http://www.codexalimentarius.org/




CODEX ALIMENTARIUS
1963

2008

Forum internacional de normatizacao do comércio de alimentos;
Visa garantir a seguranca, a qualidade e a equidade deste comércio;

Implantacao de normas, codigos de boas praticas, orientacdes e outras
recomendacdes relativas a alimentos, producao de alimentos e seguranca

alimentar.

Comité Codex sobre Nutricdo e
Alimentos para Dietas Especiais

http://www.codexalimentarius.org/



Definition:

Dietary fibre means carbohydrate ]JGI}’ITEI‘S1 with ten or more monomeric units® , which are not hydrolysed

h 1. al - | Al il 1 = 1 Al |

Fibra alimentar &€ constfituida de polimeros de carboidratos* com dez* ou mais
unidades monomeéricas, que ndo sao hidrolisados pelas enzimas enddgenas no
intestino delgado e que podem pertencer a trés categorias:

« Polimeros de carboidratos comestiveis que ocorrem naturalmente nos alimentos
na forma como sdo consumidos;

Polimeros de carboidratos obtfidos de material cru por meio fisico, quimico ou
enzimdtico e que fenham comprovado efeito fisioldgico benéfico sobre a saude
humana, de acordo com evidéncias cientfificas propostas e aceitas por
autoridades competentes;

Polimeros de carboidratos sintéticos que tenham comprovado efeito fisioldgico
benéfico sobre a saude humana, de acordo com evidéncias cientificas
propostas e aceitas por autoridades competentes.




TODA FIBRA ALIMENTAR E
CARBOIDRATO¢



Definition:

Dietary fibre means carbohydrate polymers' with ten or more monomeric units® , which are not hydrolysed
by the endogenous enzymes in the small intestine of humans and belong to the tnl]nwing categories:

¢ Edible carbohydrate polymers naturally occurring in the food as consumed,

* carbohydrate polymers, which have been obtained from food raw material by physical. en-
zymatic or chemical means and which have been shown to have a physiological effect of
benefit to health as demonstrated by generally accepted scientific evidence to competent
authorities,

synthetic carbohydrate polymers which have been shown to have a physiological effect of
benefit to health as demonstrated by generally accepted scientific evidence to competent
authorities

Methods of Analysis for Dietary Fibre
— To be agreed.

' When derived from a plant origin, dietary fibre may include fractions of lignin and/or other compounds when
associated with polysaccharides in the plant cell walls and if these compounds are quantified by the AOAC gra-
vimetric analytical method for dietary fibre analysis : Fractions of lignin and the other compounds (proteic frac-
tions, phen-::lic cnmpuundsj waxes, saponins, ph}’tﬂtesﬁ cutin, phytosterols, etc.) intimately "associated” with plant
polysaccharides are often extracted with the polysaccharides in the AOAC 991.43 method. These substances are
included in the definition of fibre insofar as they are actually associated with the poly- or oligo-saccharidic frac-
tion of fibre. However, when extracted or even re-introduced into a food containing non digestible polysaccha-
Tides, de ary . *d Wilh polysacchrides, [Nese associaled subsLances
may prm 1de additional henef' cial eftel..ta lpETIdIIl“ adcpncm of Section on Methods of Analysis and Sampling).

* Decision on whether to include carbohydrates from 3 to 9 monomeric units should be left to national authorities.




Food Chemistry 140 (2013) 581-585

n g Ao e Contents lists available at SciVerse ScienceDirect

R FOOD

J,,'* o i*\; Food Chemistry CHEMISTRY
g i8] -

journal homepage: www.elsevier.com/locate/foodchem

Codex dietary fibre definition - Justification for inclusion of carbohydrates from 3
to 9 degrees of polymerisation

Elizabete Wenzel de Menezes *, Eliana Bistriche Giuntini, Milana Cara Tanasov Dan,
Fabiana Andréa Hoffmann Sarda, Franco Maria Lajolo

Depto. Alimentos e Nutrigdo Experimental, Faculdade de Ciéncias Farmacéuticas, Universidade de $do Paulo, 05508-000 Séo Paulo, SP, Brazil

O A . R - I e )
Auséncia de embasamento cientifico, metodologico ou fisiologico que justifique

a diferenciacdo entre carboidratos ndo disponiveis com GP <10 e GP =10;

Harmonizacdo (varios paises e entidades ja incluiram carboidratos de GP 3-9 na
definicdo de FA);

\Exis’réncic de métodos analiticos adequados







COMO ANALISAMOS
FIBRA ALIMENTAR?

CONSTITUINTE DE
INTERESSE

[ EXTRACAO ISOLAMENTO ]

= Lipidios = (Cinzas
=  Proteinas =  Fibra Alimentar
FIBRA ALIMENTAR
[ TOTAL COMP. ESPECIFICOS ]

[ FRACOES ]




Standard Provisions Principle
General methods that do not measure the lower molecular weight fraction (i.e. monomeric units<=9)"~
All foods'” | Dietary fibre based on precipitation in 4 | AOAC 985.29 Enzymatic
parts alcohol and 1 part water. Resistant vimetric
insoluble and soluble polysaccharides,
lignin, and plant cell wall. ¥

All foods'" | Dietary fibre based on precipitation in 4 | AOAC 991.43 Enzymatic
parts alcohol and 1 part water. Resistant vimetric
insoluble and soluble polysaccharides,

lignin, and plant cell wall ¥,

All foods"'" | Dietary fibre based on precipitation in 4 | AOAC 992.16 Enzymatic
parts alcohol and | part water. Resistant vimetric
insoluble and soluble polysaccharides,

lignin, and plant cell wall ‘¥

All foods'" | Dietary fibre in food and food products
with less than 2% starch ‘.

All foods"'" | Dietary fibre based on precipitation in 4 | AOAC 994.13 Enzymatic
parts alcohol and 1 part water, quantitated chemical
as component neutral sugars, uronic acids,

vlus Klason lignin.

General methods that measure both the higher (monomeric units > 9) and the lower molecular weight fraction (mono-
meric units <=9) %

All foods'" | Dietary fibre based on precipitation in 4 | AOAC 2001.03 Enzymatic  gra-
parts alcohol and |1 part water. Resistant vimetric and Lig-
insoluble and soluble polysaccharides, uid chromatogra-

resistant malto-dextrins, lignin, and plant phy

@
cell wall.

All foods'" | Dietary fibre (Soluble + insoluble poly- | AOAC 2009.01 Enzymatic-
saccharides + lignin + resistant starch + Gravimetric-High
oligosaccharides). Pressure  Liquid

Chromatography

Method




Methods that measure individual specific components (monomeric units: the whole range for each type of

covered)'?

components is

All foods "

Insoluble dietary fibres in food and food
products

AOAC 991.42

Enzymatic
vimetric

gra-

I

All foods "

(1=3)(1—=4) Beta-D-Glucans

AOAC 992.28

Enzymatic

I

All foods "

Soluble dietary fibres in food and food
products

AOAC 993.19

Enzymatic
vimetric

I

All foods "

(1=3)(1—=4) Beta-D-Glucans

AOAC 995.16

Enzymatic

I

All foods ™"

Fructans (oligofructoses, inulin, hydro-
lyzed inulin, polyfructoses, fructooligo-
saccharides)

AOAC 997.08

Enzymatic

HPAEC-PAD

I

All foods "

Fructans (oligofructoses, inulin, hydro-
lyzed inulin, polyfructoses, fructooligo-
saccharides)

AOAC 999.03

Enzymatic
colorimetric

I

All foods "

Polydextrose

AOAC 2000.11

HPAEC-PAD

All foods ™"

Trans-galacto-oligo saccharides

AOAC 2001.02

HPAEC-PAD

All foods "

Resistant starch (Recommended for RS2
& RS3)

Other methods'®

AOAC 2002.02

Enzymatic

All foods

Insoluble glucans and mannans of yeast
cell wall (for yeast cell wall only)

Eurasyp (European association for
specialty yeast product) - LM Bo-
nanno. Biospringer- 2004 — online
version :
http://www.eurasyp.org/public.techni
que.home.screen.

Chemical
HPAEC-PAD

All foods

Fructo-oligosaccharides (monomeric

units<s)

Ouarné et al. 1999 in Complex Car-
bohydrates in Foods. Edited by S.
Sungsoo, L. Prosky & M. Dreher.
Marcel Dekker Inc, New York

HPAEC-PAD

All foods

)(j)

Non-starch polysaccharides (NSP

Englyst H.N, Quigley M.E., Hudson
G. (1994) Determination of dietary
fibre as non-starch polysaccharides
with gas-liquid chromatographic
high performance liquid chroma-
tographic or  spectrophotometric
measurement of constituent sugars —
Analyst 119, 1497-1509

Enzymatic  Gas-
Liquid Chroma-
tography Method




Tipos de métodos

= Gravimétricos
~ Fibra bruta (FB)

: Fibra detergente neutro (FDN) e acido (FDA)

" Enzimico-gravimétricos
: Fibra alimentar total (FAT)

: Fibra alimentar soltdvel (FAS) e insoluvel (FAI)

= Enzimico-quimicos

Por espectrofotometria

:Por cromatografia liquida de alta eficiéncia (HPLC)




available oligosaccharides available

homo polysaccharides
malio-cligosaccharides starch [GRP_STAR]
starch hydrolysates amylose [AMYS]
mahtodextrins. amylopsctin [AMYP]

[GRP_SUGOH]
glucosa [GLUS] malfitol [MALTL] inufin [INULM] resistant starch [STARES]
fructose [FRUS] lactitol [LAZTL] fructo-oligoesccharides (FOS) RS54 [STARESA]
galactose [GALS] iso malt [[SOMALT] galacto-oligosaccharndes (GOS) RE52 [STARES2]
mannoss [MANS] polydextrose [POLYDEXS] R53 [STARES]]
rhamnoss resistant matodaxtrin RE4 [STARES4]
...... raffinose [RAFS] celluloss (NSPAIHMSDF) [CELLU]
stachyose [STAS] B-glucan (M5F)
polyols / alditols verbascoss insoluble B-glucan in yeast'molds
—|||3|:g|:|_ﬁ|_m.|] kestose goluble B-glucan in carsals
_ mystose | L
egbited [SOGTL)
mannitol [MANTL]
aylitod [IYLTL)

hemicellulose [HEMCEL]
pentosan

legenda
i insoluble pentosan
S ] S
..... locust bean gum/galactomannan

guar and arabic gums (SHMW DFhydrocolloid)

available carbohydrate fractions | | |

LMWDF = low molecular weight distary fibre solubde pectin

HMWDF = high molecular weight distary fibre camrageenan [SHMW DFhydrocolloid)
between [ ] = EuroFIR component identifier alginate

chiitin

chitosan (Westenbrink et al., 2013)



alditeds/polycls
[GAP_SUGOH]

maliitcl [MALTL]
lactitol [LACTL]
is0 malt [ISOMALT]

imulin [IMULM]
fructo-oligoeaccharides (FOS)
galactr-oligosaccharndes (GOS)
polydextrose [POLYDEXS]
resistant mahodextirin

raffincse [RAFS]

stachyoss [STAS)

verhascoss

kestose

nysioss

legenda:

non
OP=3

available carbohydrate fractions

DP = degree of polymearization

LMWDF = low molecular weight distary fibre
HMWDF = high molecular waight distary fibre
betwoen [ ] = EuroFIR componant identifier

resistant starch [STARES]

RS1 [STARES1]
RS2 [STARESZ|
RS3[STARES3)]
AS4 [STARES4]

cellulose (NSP/IHMSDF) [CELLU]
B-glucan (NSF)

insaluble B-glucan in yeastmolds
soluble B-glucan in cereals

hemicellulose [HEMCEL)
pentosan
insoluble pentosan
soluble pentosan
locust bean gumigalactomannan

guar and arabic gums {SHMW DFhydrocolloid)

peactin [PECT)
insoluble pectin
soluble pactin

camagesnan (SHMW DFhydrocolloid)

alginate
hi
chitozan

(Westenbr

nk et al., 2013)



[ Fibra bruta (FB) ]

Acidos (H,SO,) e bases (NaOH) fortes -.

Acido — amido; acUcares; parte da pectina e da hemicelulose

Base — proteinas; pectinas; hemicelulose e lignina
(Henneberg et al., 1865)

[ Fibra insoluvel em detergente acido (FDA) }
Acido (H,SO,) e detergente (CTAB ou Cetremide) [samrie | .
Acido — amido; acucares; parte da pectina e da hemicelulose
Detergente — proteinas (Van Soest, 1963)

] (B
[ Fibra insoluvel em detergente neutro (FDN) ]

Trietileno glicol — amido (Goering & Van Soest, 1970)

Tampao de borato-fosfato mantem pH proximoa 7.0
Lauril sulfato de sddio e sultado de sddio — proteinas . *

Pectins

Lignin

Hemicellul ose

Pectins

Lignin |

Hemicellulose

Pectins

Lignin ‘

Hemicellulose

Cellulose

|
|
Pectins ‘
Lignin |




Mas... Qual a diferenga?

Lignina Celulose

Hemi-
celulose

Pectina

Fibra sol.
nao-pectina

Amido
resistente

PAREDE CELULAR

POLISSACARIDEOS DE PAREDE CELULAR
POLISSACARIDEOS NAO-AMIDO

POLISSACARIDEOS NAO-DIGERIVEIS

FRACAO NAO DIGERIVEL

Fibra Bruta
Fibra Detergente Acida
Fibra Detergente Neutra

AOAC991.43
FAI
FAS
FAT

AOAC 2011.25
FAI

FASAPM
FASBPM

FAT

— = g g g g
I ———— ! ! !
—_— a R
—' | | | | |




: Fibra bruta (FB)

: Fibra detergente neutro (FDN) e acido (FDA)

Tipos de métodos

" Gravimeétricos

r

\
" Enzimico-gravimétricos
: Fibra alimentar total (FAT)
: Fibra alimentar soltdvel (FAS) e insoluvel (FAI) )
\ J

Por espectrofotometria

~
G

= Enzimico-quimicos

Por cromatografia liguida de alta eficiéncia (HPLC)




AOAC 2009.01:
FIBRAALIMENTAR DE ALTO PESO MOLECULAR
FIBRAALIMENTAR DE BAIXO PESO MOLECULAR
FIBRAALIMENTAR TOTAL DE ALTO E BAIXO PESO MOLECULAR

AOAC 2011.25:
FIBRAALIMENTAR SOLUVEL DE ALTO PESO MOLECULAR
FIBRAALIMENTAR SOLUVEL DE BAIXO PESO MOLECULAR
FIBRAALIMENTAR INSOLUVEL
FIBRAALIMENTAR TOTAL DE ALTO E BAIXO PESO MOLECULAR

AOAC 985.29:
FIBRAALIMENTAR TOTAL

AOAC 991.43:
FIBRAALIMENTAR TOTAL
FIBRAALIMENTAR SOLUVEL
FIBRAALIMENTAR INSOLUVEL

AOAC 2001.03:

MALTODEXTRINAS
RESISTENTES

(Westenbrink et al., 2013)



Método enzimico-gravimétrico

mimicking human

Precipitation
using ethanol and
filtration

(MEGAZYME, 2015)



Preparo da amostra

v Vidraria &

=

v' Granulometria
[ 60 mesh = 0,250 mm J

v’ Maximo de 5% de lipidios

m !
.mwl:\
r

[ Extracao em Soxhlet }




Cuidados e correcoes

v Enzimas
Devem ser altamente purificadas

v’ Precipitagdo da fragdo soluvel

v’ Proteina residual
Deve ser descontada == Andlise de proteina no residuo

v Minerais residuais
Devem ser descontados =% Andlise de cinzas no residuo



AOAC 985.29 <+ AOAC 2009.01

Prosky Method | DEI'IIE:dI :::u d McCleary Method
AOQAC 985.29 — AOAC 2009.01
Harsh conditions E Enzymes Physiological
Bacterial c-amylase, mimicking human :nn_:litinns
(pH 8.2, 1002C) ' digestion Pancreatic a-amylase,
Resistant starch is (pH 6, 372C)
underestimated Resistant starch is
Enzymatic Diges included
containing simple sugars
gy — :

Filtrate containing

Filtrate containing Precipitation
NDOs is collected and

NDOs is discarded using ethanol and
and not measured filtration

analysed by HPLC

Ash Protein

(MEGAZYME, 2015)



AOAC 991.43 <+ AOAC 2011.25

Dried and
defatted food
sample

ADAC 591.43

Lee Method
ADAC 2011.25

‘ McCleary Method I

Harsh conditions _ Enzymes Physiological
Bacterial a-amylase, | mimicking human curtditluns
(pH 8.2, 1002C) digestion Pancreatic a-amylase,
: e
e Hesl:iz:laifgaﬂh is
underestimated -
Enzymatic e
containing simple sugars

and non-digestible fraction

v

Filtration of enzymatic digest
prior to precipitation measures
nsoluble dietary fibe

Filtrate containing Precipitation
NDOs is discarded using ethanol and
filtration

Ash &
Protein €

Filtrate containing
NDOs is collected and

and not measured analysed by HPLC

(MEGAZYME, 2015)
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mV

AOAC
991.43

o-amilase bacteriana
(pH 8,2, 100°C)
Amido resistente é
subestimado

Filtrado contendo
OND é descartado

Amostra seca e
desengordurada (1g)

AOAC
2011.25

Enzimas
mimetizando a
digestdao humana

Solugdo digerida
contendo agucares
simples e fragdes nao
digeriveis

Condigoes
fisioldgicas
a-amilase pancreatica
(pH 6, 37°C)
Amido resistente é
incluido

Filtracao
A 4

Filtrado

Precipitagao
utilizando etanol
e filtracao i

Filtrado contendo
OND é coletado e
analisado por HPLC

Filtrado
il Adaptado de Megazyme (2015)
] ‘g i P DetA Chi
200 s
150{
: e
50
0_ )
0 5 15 C25 30

min

FASBPM
v FOS
v GOS

FASAPM

v Pectina
v B-glucanos

FAI

v Celulose
v Hemicelulose

AOAC AOAC
991.43 2011.25



Food Chemistry 140(2013) 586-589
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journal homepage: www.elsevier.com/locate/foodchem
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Short communication

Dietary fibre fractions in cereal foods measured by a new integrated AOAC method

Juergen Hollmann, Heinz Themeier, Ursula Neese, Meinolf G. Lindhauer *

Max Rubner-Instinge (MRI), Federal Research Instirute for Nutrition and Food, Department of Safety and Quality of Cereakk D-32756 Detmold Schuetzenberg 12, (ermany

Fibra Alimentar (g/100g)
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B Tabela de Composicao de Alimentos

Crispbread

OAOAC991.43

torrada
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Application of dietary fiber method AOAC 2011.25 in fruit and
comparison with AOAC 991.43 method
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Consideracoes finais

OLIGOSSACARIDEDS?

v’ Falta de consenso em relacdo a definicao;
v’ Posicionamento da ANVISA;

v Conhecimento aprofundado;
v M3o de obra capacitada.



Consideracoes finais

Métodos Alto Peso CEDG) Sepa!ra so’IuveI Ar:nldo Ollgossf‘;\carlld(?os
Peso de insoluvel Resistente nao digeriveis
: ~ - Somente .
AOAC 985.29 Sim Nao Nao Nao
AR3
: ~ : Somente N
AOAC 991.43 Sim Nao Sim Nao
AR3
AOAC 2009.01 Sim Sim Nao Sim Sim

AOAC 2011.25 Sim Sim Sim Sim Sim
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