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Bakterie mlécného kvaseni a probiotika



Bakterie mlécného kvaseni

=fermentuji sacharidy za vzniku kyseliny mlécne
=G+ bakterie, nesporulujici koky, kokobacily, bacily
=ruzné naroky na kultivaéni prostredi

=anaerobni, mikroaerofilni

syvariabilita v metabolismu




Bakter

=fylogenetick

0. oeni

Leuconostocacea
L. mesenterodes

P. pentosaceus

Lactobacillaceas

L. plantarum
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Fig. 1.

B.subtilis

(outgroup)

| . delbruecki

L. gassen
. johnsonii

Lactobacillaceae

5. thermophilus

streptococcaceae

L. lactis s5p. cremons
L. lactis ssp. lachs

Phylogenetic trees of Lactobacillales constructed on the basis of

concatenated alignments of ribosomal proteins. All branches are supported at
=15% bootstrap values. Species are colored according to the current taxon-
omy: Lactobacillaceae, blue; leuconostocaceae, magenta; Streptococcaceae,

red.

Comparative genomics of the lactic acid bacteria

K. Makarova?, A. Slesarev®, Y. Wolf2, A. Sorokin?, B. Mirkin¢, E. Koonin?4, A. Pavlov®, N. Pavlova®, V. Karamychev?,

N. Polouchine®, V. Shakhova®, I. Grigorieve, Y. Lou®, D. Rohksar?, 5. Lucas®, K. Huang®f, D. M. Goodstein®, T. Hawkins®f,
V. Plengvidhya®9h, D. Welker!, J. Hughes', Y. Goh!, A. Bensonl, K. Baldwin¥, J.-H. Lee¥, I. Diaz-Muhiz"!, B. Dostil,

V. Smeianov!, W. Wechter®, R. Barabote™, G. Lorca™™, E. Altermann®9, R. Barrangou®d, B. Ganesan™®, Y. Xien-e,

H. Rawsthorne®?, D. TamirP, C. Parker’?, F. Breidt9", J. Broadbent®, R. Hutkins!, D. O'Sullivank, J. Steele!, G. Unlu9,

M. Saier™, T. Klaenhammer?d9, P. Richardson®, 5. Kozyavkin®, B. Weimerd"?, and D. Mills%P
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BMK — fermentace sacharidu

mikroorganismy vyuzivaji cukry jako zdroj energie - sacharolyticke

glykolyza - glykos = sladky a lysis = rozpousteni, rozklad = kvaseni

spravny pojem kvaseni - rozkladné procesy bezdusikatych latek,
vyvolané enzymatickou Cinnosti saprofytickych mikroorganismu

substratem - sacharidy
hlavnim meziproduktem kyselina pyrohroznova (pyruvat)
vysledny produkt dle typu fermentace
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https://www.vovcr.cz/odz/tech/311/pagel18.html



Typy fermentace

=etanolove kvaseni
=mlécné kvaseni
"propionove kvaseni
=maselné kvaseni

»kvaseni polysacharidu
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Mlécné kvaseni

Glucose

Homolactic Heterolactic
Glucose-6-P Glucose-6-P
Fructose-6-P 6-phosphogluconate

A
Fructose-1, 6-DP

T

Glyceraldehyde-S-P—\‘
~

™~
2 Pyruvate

Dihydroxyacetone-P  Glyceraldehyde-3-P

Ribulose-5-P

A

Acetyl-P

Acetaldehyde

Ethanol

https://www.onlinebiologynotes.com/wp-content/uploads/2017/07/lactic-acid-fermentation.png
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Homofermentativni mlécné kvaseni

 hlavnim produktem kyselina mlécna

* pokles pH substratu (vydrzi az pH 3,06)

* k prodlouzeni trvanlivosti potravin (kysanée zeli, kvasené okurky a zelenina)
* vyroba mléénych vyrobku (jogurtu, tvarohu, syru)

* vyroba masnych vyrobku

Zastupci:

Lactobacillus delbrueckii subsp. delbrueckii, Lactobacillus delbrueckii subsp.
bulgaricus, Lactobacillus delbrueckii subsp. lactis, Lactobacillus helveticus,
Lactobacillus acidophilus, Lactiplantibacillus plantarum
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Heterofermentativni mlécné kvaseni

« kromé kyseliny mlééné vytvareji dalSi ruzné vedlejsi produkty napfriklad
kyselinu octovou, jantarovou, etanol, oxid uhli€ity, glycerol a vodik v ruzném
mnozstvi

* pfi vyrobé kefiru a nékterych druhu syru (charakteristicka chut, vuné a
konzistence)

* nezadouci a to hlavné pri vyrobé ovocnych stav a vina

Zastupci:

Lactobacillus brevis, Lactobacillus kefir, Lactobacillus viridescens,

Leuconostoc mesenteroides

heterofermentativne zkvasuji sacharidy také nektere plisne
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Fakultativne heterofermentativni bakterie

* zkvasuji hexosy homofermentativne, pentosy heterofermentativne

Zastupci:
Lactobacillus, Lactococcus, Enterococcus, Streptococcus,
Pediococcus, Vagococcus nebo Tetragenococcus
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POZOR!

Celed Enterobacteriaceae (ale i jiné) —

G- tyCinky, fermentuji laktézu s produkci kyselin, plynu a aldehydu

vznika mnoho ruznych produktu - kyselina octova, mravenci, mlé¢na, jantarova, ale i acetoin, 2,3-
butandiol, vodik a oxid uhliCity

nejedna se o BMK

laktdzo pozitivni rody laktdzo negativni rody

napr. napr.
Enterobacter Salmoneélla
Escherichia . Proteus
PROapPO2/SS/acinetobacter14-638 pgPch=1385355795 Providencia
0 MUNI
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Vyznam BMK

* soucasti mikrobioty Cloveka i zvirat (dutiny ustni, GIT, URO)

* pfirozené se v pfirodé (puda, rostliny)

v potravinach zivocisného puvodu i rostlinného puvodu

 vyuziti v potravinarském prumyslu (startovaci kultury) - vyroba
fermentovanych vyrobku (metabolismus sacharidu, Castecné
proteolyticke vlastnosti) vliv na aroma, chut, vzhled, konzistenci

» antimikrobnich latek - bioprezervace potravin

= =
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Mezofilni bakterialni kultury

— nejcastéji pouzivané kultury nachazejici uplatnéni pfi vyrobé témeér vSech druhu
mlécnych vyrobku

— charakteristické produkci kyselin (inhibice patogenu), aromatvornych latek (diacetyl)
a COgz; jejich proteolyticka aktivita je minimalni

— Lactococcus lactis ssp. lactis

— Lactococcus lactis ssp. cremoris

— Leuconostoc lactis ssp. lactis biovar diacetylactis
— Leuconostoc mesenteroides ssp. cremoris

— Leuconostoc mesenteroides ssp. dextranicum

= =
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Termofilni syrarske kultury

— pouzivaji se hlavneé pfi vyrobé syru s vysokodohfivanou syfeninou (napf. emental,
parmazan), mékkych syru a tvarohu
— ulohou termofilnich kultur je fermentace laktoézy (napomaha uvolnovani H,O vazané

na kasein) a mirna proteolyticka aktivita

— Streptococcus salivarius ssp. thermophilus
— Lactobacillus delbrueckii ssp. bulgaricus

— Lactobacillus delbrueckii ssp. lactis

— Lactobacillus helveticus
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Termofilni jogurtove kultury

— pouzivaji se pfi vyrobé jogurtl, jogurtovych mlék a podobnych kysanych mlécnych
vyrobku.

— Streptococcus salivarius ssp. thermophilus

— Lactobacillus delbreckii ssp. bulgaricus

— tvorba kyseliny mlécné - koagulace kaseinu (pH 5,3 - pH 4,5), proces trva pfi 40 - 43
°C 2 - 3 hodiny
— hlavni slozkou vuné jogurtu je acetaldehyd, ktery je produkovan mezofilnimi (treonin)

| termofilnimi (cukr) kulturami

— faze streptokokova — faze laktobacilu

==
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Dalsi mlekarske kultury jine nez BMK

Bakterie propionového kvaseni

— syry ementalskeho typu

— kyselina propionova, vitamin B12

— Propionibacterium freudenreichii

Kvasinkové kultury

— mlécné kvasinky se pouzivaji pfi vyrobé masla, syru rokfortského typu, syru zrajicich
pod mazem, kefiru, kumysu

— napf. Torulopsis candida, Kluyveromyces lactis, Candida kefyr

Plisnové kultury

— uplatnéni pfi zrani sladkych i kyselych syru

— proteolytickeé a lipolytické vlastnosti

— Penicillium roqueforti, Penicillium camemberti
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Mikrobiologie fermentovanych masnych
vyrobku

Startovaci kultury

— vybrané kmeny mikroorganismu se specifickou metabolickou aktivitou, které se
pridavaji do dila fermentovanych salamu za ucelem ,,fFizeni* procesu fermentace

— nejCastéji smésné kultury: bakterie mlééného kvaseni a Celed Micrococcaceae

— trvanlivé fermentované vyrobky Poli¢an, Herkules, Lovecky salam, Parmska Sunka

— tepelne neopracované

==
m e
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https: .kmotr.cz/i/eshopproductfullimage/files/produkty/darkovy-kos-1.j
https://eshop.rancherskespeciality.cz/fotky101916/fotos/P_11011_3.JPG ps://www /i/eshoppi ge/files/p ty/ vy jpg
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N BNy

Nejcastejsi MO v komercnich startovacich
kulturach masnych vyrobku

Bakterie mlécného kvaseni:

— Lactobacillus plantarum, L. sakel, L. curvatus, L. pentosus, Lactococcus lactis,
Pediococcus acidilactici, P. pentosaceus

Grampozitivni, koagulazonegativni koky:

— Staphylococcus carnosus, S. xylosus

Kvasinky:

— Debaryomyces hansenii

Plisné:

— Penicillium nalgiovense

= =
m e
O =
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Vyznam BMK

*nezadouci kontaminace

=zpusobuji chutové vady vyrobku (pivo, vino, ..)

=samovolne kysnuti mleka (zvysena titracni kyselost, nakysle

=aroma a chut)

=*pfi vyrobé uzenin zelenani pratu a hotovych vyrobku

=vakuove baleni nebo baleni v modifikované atmosféere zvyhodnuje
fakultativné anaerobni bakterie vCetne BMK a Brochothrix
thermosphacta

=rody Lactococcus, Lactobacillus, Leuconostoc, Weissella,
Carnobacterium a Enterococcus

= =
m e



Probiotika — definice pojmu

cilené vybrané zivé mikroorganismy,

které pri podavani v dostatecném mnozstvi

vykazuji prinos pro zdravi jedince

Probiotics in food

Health and nutritional properties
and guidelines for evaluation 85

Report ofa .Joint FAO/WHO Expert Consultation
n Evaluation of Health and Nutritional Properties
fP obiotics in Fo d cluding Powder Milk with Live
Lactic Acid B cter
ordoba, Argentin 1—4 QOctober 2001

p f Jo tFAOJ’WHOW rking Gro! p n Drafting
s fol th Evaluation of Probiotic Food
01 0, Canada, 30Ap| 1My2002

'_C)I O
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Probiotika — definice pojmu s LM/
cilené vybrané zivé mikroorganismy %@%(&E
rod Lactobacillus < ggg

Re %
acidophilus, casel, helveticus,.. ~ 7

rod Bifidobacterium
bifidum, breve, ..
Streptococcus thermophilus, Lactococcus lactis,..

Saccharomyces cerevisiae




Probiotika — definice pojmu

které pri podavani (nemusi byt jen oralni cestou) s @&
P

v dostatecném mnozstvi

———

na konci doby pouzitelnosti alespon tolik zivych
mikroorganismu, kolik bylo pouzito v klinické studii
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Probiotika — definice pojmu
vykazuji prinos pro zdravi jedince - mél by se projevit v cilové populaci

Probioti
Benefits\&
Immunity Boost T ' I May Improve
& Dccreasc} in | Mental Iliness
Inflammation V4
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Probiotika — predpokladany mechanismus ucinku

antagonismus,
produkce

antimikrobialnich
latek

Inaktivace
bakterialnich
toxinu

kompetice -
adheze, ziviny

(y. 1. Competition for nutrients
and prebiotics

">;§V lu€inek je kmenové specificky!
Q0 * g

https://image.slidesharecdn.com/probioticsprebioticsfinalcopy2-140807084245-phpapp02/95/probiotics-and-prebiotics-related-to-pharmacology-20-638.jpg?cb=1407401351



Prebiotika - definice pojmu

jsou nestravitelné slozky potravy, které ovliviauji riast a/nebo
aktivitu probiotik, podileji se tak na zlepseni zdravi jedince

PROBIOTIKA PREBIOTIKA

Zivé mikroorganismy nestravitelné latky — zdroj
(bakterie, kvasinky) energie pro mikroorganismy
. 19
R B I
doplnky stravy i pfirozené v doplnky stravy i pfirozené v
. s - , . v , v https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.blend
potravinach — kysané vyrobky J potravinach — ¢ekankovy koren, ea.c2%2Fwp-content%2Fuploads%2F2019%2F 1 1%2Fadroje-
prebiotik.jpg&tbnid=1Zix72ybKx758M&vet=12ahUKEwj65_7]sbP_AhX1

(Jogurty kefir Ze|en|na) cibule, Cesnek, pérek, banany hPOHHbSOASOQMygVegUIARDKAQ. .i&imgrefuri=https%3A%2F%2Fww I\ll U N I

! ! ! ! ! w.blendea.cz%2Fprebiotika%2F&docid=6QS05r0_gj1k4M&w=1200&h=
628&q=prebiotika&client=firefox-b-
d&ved=2ahUKEwj65_7JsbP_AhX1hPOHHbS0ASOQMygVegUIARDKAQ I\/| E D



Prebiotika - priklady

—inulin (kofen cekanky, cibule, cesnek, banany..)
— frukto-oligosacharidy

— galakto-oligosacharidy

— S0S (soja), XOS (xylan), IMO (maltoza)

Kandidatni prebiotika:

-polyfenoly — hroznova seminka, boruvky, ..

- polysacharidy (rasy, lotosové seminko,..)

- polypeptidoveé polymery — produkty fermentace (Bacillus sp.)
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Synbiotika - definice pojmu

kombinace probiotik a prebiotik, napomahaji prezivani
mikroorganismu a zvysuji efekt probiotik

PROBIOTICS PREBIOTICS

Inulin

L. iohnsonii
L. acidophilus

Xylooligosaccharides

B. lonaum Galactooligosaccharides (GOS)

B. animalis Lactulose

L. brevis Fructo-oligosaccharides (FOS)

Isomaltooligosaccharides
Lactitol

L. fermentum

B. infantis

Bifidobacteria+ GOS

Bifidobacteria+ FOS
LG G + inulin

Lactobacilli+ lactitol
Lactobacilli+ FOS or inulin

U
E

SYNBIOTICS
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https://www.semanticscholar.org/paper/Role-of-probiotics-%2C-prebiotics-%2C-synbiotics-and-in-Tomar-Anand/fa24b2abff176e5c802ee0d210c16fefbdaaf47a/figure/0



Postbiotika - definice pojmu

produkty metabolismu probiotik

oLofs
o

Probiotics

v

Inflammatory
response

Anti-inflammatory

https://postbiotica.com/wp-content/uploads/2019/02/postbiotics.jpg
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Parabiotika — definice pojmu

nezivé/inaktivovaneé probiotické mikroorganismy

THERMAL/OHMIC TREATMENTS

HIGH PRESSURE TREATMENTS

cell membrane damage
leakage of nutrients and ions
protein denaturation

ribosome aggregation \

membrane rupture
alteration of ribosomes
protein denaturation
protein coagulation

PROBIOTICS

LIVE MCROCRGANIEMS
hat, when sdrintilered In ateguite ameunts, Confier & Realth Benets on the host

§j‘\ .l~

« =

DNA breakage reduction of intracellular pH CONPOUNDS desived ":: " RAEEEN i e haiidkad
microbial metabol MCR v
'"ac?f'.:fz? :;:.2:: e synthesiand by cells or produced Pos TBIOT ICSL’ ARAPROBIOTICS/ specificaity, cots as a whok, incluging boos
W0 I M By enzymatic aCthon slructural components snd synthessed or sxcrated
(anghe metaboliles or complex % metaboliites that confer 3 heath beseit to the
mixtares . cormuner
Morobial metabotites ™ ) { . . , l ’ Microbiad oall structures gotontially involved
cell wall shearing A ‘.'5?"”’» han "'7)'_"-'-“‘ \ \'~ Prptagiecan-denived mampoptives
3 A Secrmled baomarfactenty Lol suwryos-assocwing privans
production of free radicals W° \ formation of DNA Secretngd prof % b ! ‘ G : o
DNA damage photoproducts d\fa:- an‘:. ::;: ’ \ A nat:o:u:ﬂ boswiactarts
membrane breakdown Aobcais T, 2 & ’ Libapaladcihidsies
cell lysis UV IRRADIATION P €« v oal=s . YOPOYAROC NN
Bnctevrocns ¥y " Vo ‘ ! Lipotorcholc acials
Wintvs L MEVOE N
HIGH INTENSITY
ULTRASOUND damage of nucleic acids Puptiias E) ) a Tithass ety
caused by oxidative radicals ‘ ‘ :_ ~r'"“"“‘
S
IONIZING RADIATIONS Intestinal lumen Benefcc';_\l health Oﬁects .
L e e e e el el Ltk I el
o8 Siciliano RA, Reale A, Mazzeo MF, Morandi S, Silvetti T, Brasca M. Paraprobiotics: A New Perspective for Functional Foods and

Nutraceuticals. Nutrients. 2021 Apr 8;13(4):1225. doi: 10.3390/nu13041225. PMID: 33917707; PMCID: PMC8068161.
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Probiotika nove generace

Medicine in Microecology 1-2 (2019) 100002

Contents lists available at ScienceDirect

Medicine in Microecology

Health
promotion

.SEN R journal homepage: www.journals_elsevier.com/medicine-in-microecolo

Investiture of next generation probiotics on amelioration of diseases —
Strains do matter

Tzu-Lung Lin > "%, Ching-Chung Shu *, Wei-Fan Lai', Chi-Meng Tzeng *, Hsin-Chih Lai ** %",
Chia-Chen Lu "

Traditional microbiota Next
probiotics generation
probiotics

Feacalibacterium prausnitzi
Akkermansia muciniphila
Bacteroides thetaiotaomicron

=

https://www.researchgate.net/publication/337834304/figure/fig1/AS:869824808890369@1584393803460/Comparisons-of-traditional-probiotics-and-Next-generation-probiotics.jpg
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The human microbiome
What is known? What is unknown?

Mikrobiom

Geneticka definice
- soubor genu vsech mikroorganismu pritomnych v uréitém prostredi

Ekologicka definice
- charakteristicka mikrobialni komunita, ktera obyva urcity racionalne
vymezeny prostor s typickymi fyzikalnimi a chemickymi podminkami
- zahrnuje také jejich pole pusobnosti, v kterém se formuji specifické
ekologicke niky

- dynamicky a interaktivhi mikro-ekosystém podléhajici zménam v

case, je propojen s makro-ekosystémy vcetné eukaryotickych
MUNI

hostitell
MED
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Microbiome

Microbiota < “Theatre of activity”

Bacteria 7Arc|'uea Microbial structural elements
. et Pmiﬂs/ Lioid Poly-
Fungi Protists peptides ipids R
Algae Nucleic acids

structural DNA/RNA

mobile genetic elements

Internal/external structural elements
/ incl. viruses/phages relic DNA

Microbial metabolites

Environmental signalling Toul (An)organic
conditions molecules S molecules

Biome: a reasonably well defined habitat which has distinct bio-physio-chemical properties

https://www.microbiome.at/sites/ami/files/styles/large/public/field/image/NEWS_2020_Berg_Microbiome%?20definition.jpg?itok=vysvielx
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Mikrobiota

— soubor vSech mikroorganismu (bakterie, plisné, viry, prvoci) v
tomto prostredi
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https://www.onlinebiologynotes.com/wp-content/uploads/2021/03/human-s kin-flora.jpg



identifikace mikrobiomu
na urovni pomeroveho
zastoupeni
mikrobialnich kmen

identifikace bakterii
na Urovni rodu,

mala Cast spolehlivée
na urovni druhu

DOMENA

ROD

DRUH

PODDRUH

Homo

Homo sapiens

Homo sapiens
neanderthalensis

https://www.mikrobiom-cms.cz/wp-content/uploads/2023/02/zprava-o-slozeni.png
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DOMENA

RISE

KMEN

TRIDA

CELED

ROD

DRUH

PODDRUH

Levels # MAG # Unique taxa
Kingdom 6339 2
65 60
Phylum 6339 25 i 50
33
Class 6338 30 i” o 2 202
9 - E 12 8 |
Ordey 9 L .I 0 I.&o- _o. 0 00 B o
Family 6219 163 TARS Percent of uSGB in each Phylum (%)
Genus 4783 497
Species 865 3685

i? 312
97 95110
13 5 1427 mmemEl 4 3217 5 4 8 6 1 5 3 15 4 8% 1 1
Number of SGB in each Phylum

<
8 < o ]
% gggz PR YTEEL
S" & o a‘-u 8 sgn -
s B <,°.°.~§§a§§'638%35232%880
§§nzans i e S B NDBE s . °

2828338888 82¢E8323828¢E¢3
Be333388828¢5z3¢8seps3¢€c23g3¢z
go'ggg'gu§§§§i§3332%§2§8§§§
GECtcina<0faddadodicdaedssa
| N N BN ) ( F A XX R NN N o0 900
Archaea Bacteria

Phylum-level (GTDB taxonomy)

Taxonomic annotation and phylogenetic tree of 6339 metagenome-
assembled genomes (MAGS).

Chen C, Zhou Y, Fu H, Xiong X, Fang S, Jiang H, Wu J, Yang H, Gao J, Huang L. Expanded catalog of I\ll U I\I I
microbial genes and metagenome-assembled genomes from the pig gut microbiome. Nat Commun. 2021
Feb 17;12(1):1106. M E D



35

Dekuji za pozornost!
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