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Health benefits of fermented foods: microbiota and

beyond

Maria L Marco', Dustin Heeney', Sylvie BindaZ, @“"'““"‘““‘
Christopher J Cifelli®, Paul D Cotter”, Benoit Foligné®,

Michael Ganzle®, Remco Kort’, Gonca Pasin®, Anne Pihlanto®,

Eddy J Smid'” and Robert Hutkins'"

Current Opinion in Biotechnology 2017, 44:84-102







Fermented Foods and Beverages Market: Market Size, by Region, Global, 2018
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Source: Mordoer Intelligence

https://www.mordorintelligence.com/industry-reports/fermented-foods-drinks-market
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BACTERIAS
z Utilizadas como cultura starter na fabricacao de
LATICAS produtos lacteos, carneos ou vegetais.

Contribuem para o melhoramento das
caracteristicas sensoriais do alimento
Gram-positivos (sabor e textura) ex: soja

Nao esporulados

Podem inibir o desenvolvimento de
microrganismos deteriorantes ou patogénicos

Acido-tolerantes

Fermentadores
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BACTERIAS LATICAS
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BAL FUNCIONAIS
PROBIOTICOS

IRAEAYA AR & HEPATOLOGY

Consensus Statement OPEN Published: 10 June 2014

Expert consensus document

The International Scientific Association
for Probiotics and Prebiotics consensus
statement on the scope and appropriate
use of the term probiotic

Colin Hill, Francisco Guarner, Gregor Reid, Glenn R. Gibson, Daniel J. Merenstein, Bruno Pot, Lorenzo

Morelli, Roberto Berni Canani, Harry J. Flint, Seppo Salminen, Philip C. Calder & Mary Ellen Sanders B8

Nature Reviews Gastroenterology & Hepatology 11, 506-514(2014) | Download Citation £

HILL et al, 2014 WMicrorganismos vivos que administrados em quantidades adequadas,

conferem um efeito benéfico ao hospedeiro.



PRODUCAO/GERACAO DE COMPOSTOS BENEFICOS

BACTERIAS
LATICAS

ACIDOS GRAXOS DE CADEIA CURTA
ACIDOS ORGANICOS
SUBSTANCIAS ANTIMICROBIANAS

VITAMINAS

AMINOACIDOS



APPLIED AND ENVIRONMENTAL MicRoponoay, Jan, 2007, po 179185 Vol. 73, No. 1
(002240007 SOR.004+-0 doi: 1011 28 AEM.01 TR3-406
Copyright @ 207, American Socicty for Microbiology. All Rights Reserved.

Folate Production by Bifidobacteria as a Potential Probiotic Property”

Anna l’l:.lrn|:lt3i,1 Lisa Cordisco,' Alberto Amaretti,' Simona Zanoni,’
Diego Matteuzzi,' and Maddalena Rossi®*
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TIAMINA (B1) >

FOLATO (B9/B11)

VITAMINAS DO GRUPO B NIACINA (B3)

Hidrossoluveis o BIOTINA
Precursores de coenzimas intracelulares
Humanos nao sintetizam PIRIDOXINA (35)

Acido Pantoténico

RIBOFLAVINA (B2) >

COBALAMINA (B12) >




Applied Microbiology

Journal of Applied Microbiology ISSN 1364-5072

REVIEW ARTICLE

B-Group vitamin production by lactic acid bacteria - current
knowledge and potential applications

J.G. LeBlanc’, J.E. Laifio’, M. Juarez del Valle', V. Vannini', D. van Sinderen?, M.P. Taranto', G. Font
de Valdez'?, G. Savoy de Giori"® and F. Sesma’

TIAMINA (B1) >

NIACINA (B3)

BIOTINA >
PIRIDOXINA (B6) >

Acido Pantoténico




Por que nosso organismo precisa de folato?

» Divisao celular (DNA),
» Biossintese de acidos nucléicos e alguns aminodcidos,

» Papel importante no desenvolvimento do tubo neural.

SINTETICO :
(acido félico)

Albuquerque, M.A.C., Bedani, R., Saad., S.M.I., LeBlanc, J.G. Increasing folate contente throug the use of lactic acid bactéria in novel fermented foods.In: Nero, L.A.; Penna, A.L.B,;
Todorov, S.D. eds. Latin American fermented foods: from traditional knowledge to innovative applications. Boca Raton: CRC Press, 2016. cap. 13, p.247-266.




Resolugao RDC n® 269, de 22 de setembro de 2005

O "REGULAMENTO TECNICO SOBRE A INGESTAD DIARIA
RECOMENDADA (IDR) DE PROTEINA, VITAMINAS E MINERAIS".

ANVISA - Agéncia Nacional de Vigilancia Samtiria, de 23 de setembro de
2005

Ingestao Diaria Recomendada (IDR - adultos)
FAO/WHO = 200 - 400 ug

ANVISA = 240 ug

Fortificacao de alimentos

~ z o 7 e
DEFICIENCIA  me—) com Acido Félico



ANVISA

Agéncia Nacional de Vigilancia Sanitaria

DIRETORIA COLEGIADA
RESOLUCAO - RDC N° 150, DE 13 DE ABRIL DE 2017

Dispde sobre o enriquecimento das farinhas
de trigo e de milho com ferro e acido fo-
lico.

A Diretoria Colegiada da Agéncia Nacional de Vigilancia
Sanitdria, no uso da atribuicdio que lhe confere o art. 15, Il e IV
aliado ao art. 7°, III, e IV, da Lei n°® 9.782, de 26 de janeiro de 1999,
e ao art. 53, V, §§ 1° e 3° do Regimento Interno aprovado nos termos
do Anexo I da Resolu¢dao da Diretoria Colegiada - RDC n® 61, de 3
de fevereiro de 2016, resolve adotar a seguinte Resolucdo da Di-
retoria Colegiada, conforme deliberado em reunido realizada em 28
de marco de 2017, e eu, Diretor-Presidente, determino a sua pu-
blicagdo.

Art. 1° Esta Resolucdo estabelece os requisitos para o en-
riquecimento de farinhas de trigo e de milho com ferro e acido
folico.

Art. 2° Esta Resolugdo aplica-se as farinhas de trigo e de
milho destinadas ao consumo humano.

http://portal.anvisa.gov.br/noticias/-/asset_publisher/FXrpx9qY7FbU/content/regra-para-acido-folico-em-farinhas-e-atualizada/219201/pop_up?inheritRedirect=false



POSSIVEIS EFEITOS ADVERSOS DA INGESTAO EXCESSIVA DE ACIDO FOLICO

Superdosagem

de acido folico l
Pessoas com

Fcfrtlflcagao de IDR normal Mascarar
alimentos com ——> manifestagdes
Acido Fdlico hematoldgicas da

deficiéncia de B12

doi:10.1111/j.1365-2672.2011.05157.x



ALTERNATIVA A FORTIFICAGAO DE ALIMENTOS COM VITAMINAS SINTETICAS

BIOENRIQUECIMENTO DE ALIMENTOS

37°C/pH>5.5 28 dias (4 °C)

:> Resisténcia log UFC/mL
=» Bio-acessibilidade B9

https://doi.org/10.1016/j.ijffoodmicro.2018.12.012



https://doi.org/10.1016/j.ijfoodmicro.2018.12.012

Selecao de microrganismo produtor de vitaminas naturais

Vitamina extracelular

- Vitamina Total

Vitamina intracelular COMO

v

Meio sem QUANTIFICAR
Vitamina ?



A 120

100 ~

40

Folate concentration (ug/L)
3

20 4

Producao de folato (B9) em meio de cultura livre da vitamina

EXTRACELULAR

VITAMINA TOTAL
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Cepa indicadora

Cromatografia (HPLC)

Necessario uso de padroes

Padroes espefificos da vitamina
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Intermational Jowmal of Food Microbiology 236 (2016) 26-32 -

Contents lists available at ScienceDirect

International Journal of Food Microbiology

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

Supplementation with fruit and okara soybean by-products and @mm ﬁ}
| amaranth flour increases the folate production by starter and

probiotic cultures

»
Marcela Albuquerque Cavalcanti de Albuquerque #, Raquel Bedani #, Antonio Diogo Silva Vieira ?, b
Jean Guy LeBlanc®, Susana Marta Isay Saad **

PROBIOTICOS
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https://doi.org/10.1016/j.ijffoodmicro.2016.07.008

Quantidade liquida (A) de folato produzido pelas cepas starter e probidticas a
partir da fermentacao dos substratos vegetais

A Folate (ng/mlL)*

Strains . : Okara
o Fnu t ln—p roduct : sovbean Amaranth
Passion :  Orange Acerola Mango : bv- Flour
Fruit : product
St. thermophilus : :
ST-M6 34=1° 99 +17° 43 =4° 45=5" 1 -248+30°: 2=14°
TH-4 2+ 1° 83+12 14 + 2 501" : 99 =x359 3+ 8°
TA-40 4 =09° 275 + 122 14 = 5° 67 1 -93x11° 19 =4°
Lactobacillus spp. :
LA-5 106 = 13° 32+ 6% 297+ 36° 26=+3% I 244+15°: 30=x17%
LGG 68 = 10° 151 =45°: -26=1° 247 11261%£290 : 157=x12°
431 7 = 0o° 119£55% |: _-18 =+ 5° -33+4® § 21=09° 80 = 18°
F-19 -24 £ O 8 = 7% 29+9° 29 =1° ! 48 =17° 21 +4°
PCC 276 + 2° 127 =7 | 504+ 682 26=1 i -106=1% i 258+41°
RC-14 566 = 30° 748 = 127 ¢ 365 = 41° 154=7% i 20=2° 679  42%
GR-1 7+ 0F 236+ 29° -8 =+ 2° 25 £2° 1 22+ 6° 177 £ 22°
Bifidobacterium spp. :
BB-12 55+ 12° 237£23*  : 117 <= 18° 4+89 I 28+11¢4 % 227=+1°
BB-02 601 = 34°° 738 =32°1 284=%11° 201 =4°  203+1° : [ 1223+116°
BB-46 305 + 33¢° 58 = 0° 121 = 30° 64 = 10" :| 255%42 144 = 13°




International Journal of Food Microbiology
Volume 261, 16 November 2017, Pages 35-41

ELSEVIER

Passion fruit by-product and fructooligosaccharides
stimulate the growth and folate production by starter and
probiotic cultures in fermented soymilk

Marcela Albuguerque Cavalcanti Albuquerque * °, Raquel Bedani ® ©, Jean Guy LeBlanc ©, Susana Marta
lsay Saad > " A &
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PREBIOTICOS

Selective utilization Substances that
by host mlcroorgamsms affect the microbiome
C Preblotlc ) (Not Prebiotic)
7 &Y Dietary 7 R
4 1 fibre 1
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CLAs and
PUFAs

Human milk
oligosaccharides
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1
1
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Readily Less
'| fermentable || fermentable

| Probiotics |
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Oligosaccharides

e.g. FOS, Inulin,
GOS, MOS, XOS

Proteins
and fats
A 4 A /
( Antibiotics )

Nature Reviews | Gastroenterology & Hepatology
https://doi.org/10.1038/nrgastro.2017.75

Y

Phenolics and
phytochemicals



https://doi.org/10.1038/nrgastro.2017.75

ST-M6, TH-4, TA-40 Log UFC/mL

24h

. EHS

. EHS+MAR
. EHS+FOS
. EHS+MAR+FOS

LA-5, LGG, PCC, RC-14

Folato




https://doi.org/10.1016/j.ijffoodmicro.2017.09.001

Quantificacao de folatos totais produzidos pelas cepas em cultura pura
nas diferentes formulagoes de EHS apds 24h de fermentagao
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diferentes formulacoes de EHS apds 24h de fermentacao



International Journal of Food Microbiology 292 (2019) 126-136

Contents lists available at ScienceDirect

International Journal of Food Microbiology

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

Influence of passion fruit by-product and fructooligosaccharides on the 1)
viability of Streptococcus thermophilus TH-4 and Lactobacillus rhamnosus LGG =52
in folate bio-enriched fermented soy products and their effect on probiotic
survival and folate bio-accessibility under in vitro simulated gastrointestinal
conditions

a,by

Marcela Albuquerque Cavalcanti Albuquerque™”, Debora Satie Yamacita”, Raquel Bedani™",

Jean Guy LeBlanc®, Susana Marta Isay Saad™""
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Concentracao de folato nos produtos fermentados de soja durante o periodo de
armazenamento a 4°C.
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FSP1

FSP4

0 pasteurized soy mixture Ofermented soy mixture Fermented soy product at day 1

B Fermented soy product at day 14 Fermented soy product at day 28

FSP1: produto de soja fermentado (PSF), FSP2: PSF+MAR, FSP3: PFS+FOS, FSP4: PSF+MAR+FOS



Concentracao de folato nos produtos fermentados de soja durante o periodo de
armazenamento a 4°C.
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B Fermented soy product at day 14 Fermented soy product at day 28

FSP1: produto de soja fermentado (PSF), FSP2: PSF+MAR, FSP3: PFS+FOS, FSP4: PSF+MAR+FOS



Concentracao de folato dos PFS
durante as fases da simula¢ao
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Food Research International 62 (2014) 1015-1019

Contents lists available at ScienceDirect

Food Research International

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

Riboflavin producing lactic acid bacteria as a biotechnological strategy to @C,mm
obtain bio-enriched soymilk

M. Juarez del Valle ? J.E. Laifio ?, G. Savoy de Giori *", |.G. LeBlanc **

* Centro de Referencin para Lactobacilos {CERELA-CONICET), Chacabuco 145, 4000 Tucimdn, Argenting

Y Ciitedra de Microbiologia Superior, Facultad de Bioquimice, Quimica y Farmacia, Universidad Nacional de Tucumén, Tucumdn, 4 -&= | fermentum CRL 220

=k | fermantum CRL 345

—— 5t thermophilus CAL 417

—¥— L. plantarum CRL 725 -
== | . paracasei CRL 76

L) |
0 4 8 12 16 20 24
Hours

Fig. 1. Production of riboflavin in soymilk by the five pre-selected strains. *“Means with
different letters differ significantly (p < 0.05).



J. Dairy Sci. 88:3435-3442
© American Dairy Science Association, 2005.

Ingestion of Milk Fermented by Genetically Modified Lactococcus
lactis Improves the Riboflavin Status of Deficient Rats

J. G. LeBlanc,! C. Burgess,? F. Sesma,' G. Savoy de Giori,'? and D. van Sinderen®*

'Centro de Referencia para Lactobacilos (CERELA-CONICET) Chacabuco 145, Tucuman, Argentina

“Department of Microbiology and Biosciences Institute, National University of Ireland Cork, Western Road, Cork, Ireland
3C4atedra de Microbiologia Superior, Universidad Nacional de Tucumdn (UNT), Tucuman, Argentina

“Alimentary Pharmabiotic Cenfre, Biosciences Institute, National University of Ireland Cork, Westem Road, Cork, Ireland

Table 1. Growth rate and live weight of animals fed a riboflavin-deficient diet (RDD) for 21 d (depletion
period) after which they received the same diet supplemented with commercial riboflavin or the fermented
products (fermented milk Bo++ or Bo—) for 21 d (repletion period). The depleted group received only RDD

for 42 d.}
Depletion period Repletion period
Group Growth rate, g/d Final weight, g Growth rate, g/d Final weight, g
Nondepleted 5.81 + 0.35% 138.0 + 8.3* 5.34 + 0.32° 2992 + 18.0%
[ Depleted 4,08 + 024" 1022 + 6.1° 0.68 + 004" 1411 + 85b |
0.5 mg By 3.19 = 0.16° 190.0 + 9.5¢
3.0 mg B, 3.61 + 0.22¢ 204.2 + 1254
d milk Bs— 278 £ 017" 1889 4+ 11 3°
Fermented milk By++ 4.31 + 0.25 214.0 + 10.2°

abedefMeans in a column without a common letter differ, P < 0.05.

Walues are means + SD; n = 60 for the depleted group during the depletion period and n = 10 for all
groups during the repletion period and for the nondepleted group during the depletion period.
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Review
Vitamin B12 among Vegetarians: Status, Assessment
and Supplementation

Gianluca Rizzo !, Antonio Simone Lagana 2% Agnese Maria Chiara Rapisarda 3
Gioacchina Maria Grazia La Ferrera *, Massimo Buscema 5, Paola Rossetti °, Angela Nigro 5,

Vil;lcgrrlzo i\’lusgg 5, Gae:t{l{l}tc)l\fazlenti 3, Fabrizio Sapia 3, Giuseppe Sarpietro 3, Micol Zigarelli 3 Doe N ga i nfl am até ria i ntesti Nna I,
Defeitos genéticos (fator intrinseco),
Celiacos,

Idade avancada e etc.

[ Alteracao na absor¢cao ]

Deficiéncia de B12

[ Ingestao insuficiente ]

Baixo poder econémico,
Alimentacao desbalanceada,
Vegetarianos/Veganos.




Deficiéncia de vitamina B12
Populacao de vegetarianos/veganos

Adultos e Idosos: até 86,5%
Bebés: 45%

Criancas e adolescentes: 0 a 33,3%
Gravidas: 17 a 39%

European Journal of Clinical Nutrition (2014) 68, 541-548
@ 2014 Macmillan Publishers Limited Al rights reserved 0954-3007/14

wWww.nature.com/ejcn

REVIEW
The prevalence of cobalamin deficiency among vegetarians

assessed by serum vitamin B12: a review of literature

R Pawlak, SE Lester and T Babatunde

https://pubchem.ncbi.nlm.nih.gov/compound/Cobalamin




DOl 10.1002fsn3.528

ORIGINAL RESEARCH WILEY

In situ production of active vitamin B12 in cereal matrices using
Propionibacterium freudenreichii

Alimentos bioenriquecidos B12

fermentacao

———>

Vegetarianos/Veganos



Consideragoes finais

> Produc¢ao de vitamina é cepa-dependente

> As condi¢oes ambientais influenciam a produg¢ao de vitamina por microrganismos

> Alimentos bioenriquecidos podem ser alternativa a suplementacao sintética
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