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| . Probiotics and Quality control system




What are Probiotics?

The Food and Agriculture Organization of United Nations(FAO) and World Health
Organization(WHO) defined Probiotics as

“Live microorganisms which, when administered in adequate amounts,
confer a health benefit on the host.”

Definition in 2001 }

Amerian Cordoba Park Hotel,
Cordoba, Argentina
1-4 October 2001

Food and Agriculture Organization
of the United Nations ‘World Health Organization

Health and Nutritional Properties of Probiotics in
Food including Powder Milk with Live Lactic
Acid Bacteria

Report of a Joint FAOAVHO Expert Consultation on
Evaluation of Health and Nutritional Properties of Probiotics in Food Including
Powder Milk with Live Lactic Acid Bacteria

‘Live micro-organisms which, O Lactic Acid Bacteria
when administered in adequate amounts, 9+ ioactvemicobil otbotes
confer a health benefit on the host’

Front Microbiol. 2017 May 18;8:846.

> Probiotics are novel functional ingredients that can be influence the host microbiota and playving an
important role in the nutrition, development and health.

ANISTRY OF FOOD AND DRUG SAFETY
National Institute 4
of Food and Drug Safety Evaluation




Probiotics market share

v As public awareness of well-being is gradually increasing, the market size of probiotics is growing steadily

v I|dentifying microorganisms in probiotic products is an important issue for products quality control

U.S. probiotics market size, by application, 2012 — 2023 (USD Million)
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Probiotic lIabeling & Quality control sustem#

v MFDS manages the probiotic product with the Food Code and the Health Functional Food Code

» Minimum viable numbers of each probiotic strain

 Corporate contact details for consumer information

o

-

Health Functional Food Code & Labeling Standards

 (Regulations and standards) Probiotics number: 1 X 108 CFU/g or more, Coliform: Negative
* (Label requirements) The name of raw material which represents the functionality of

\ the relevant product shall be declared first

J

Genus, species and strain

(CFUs) at the end of the shelf-life
Suggested serving size
Health benefits

Proper storage conditions

AANESTRY OF FOOD AND DAUG SAPETY
National Institute
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Made in Korea Promotes Better
Digestion and Immunit)

Lactomin

advance+ }

probiotics
With added Vitamins!
+-Prebiot

®@ ® @

Strengthens Improves Relieves
Immunity Digestion  Stomach upset

3 Billion Double Microencapsulated
Active Probiotic Cultures

Probiotics Supplement with:
Lactobax

ot aps
for optimal release into the gut
Vitamins B1, B2, B, B6, B9 and D3




Probiotics approved in MFDS (1)

v’ First type is notified in the codes of Health Functional Foods

v A manufacturer can use notified functional ingredients for its health functional food products in accordance
with the standards and specifications prescribed in this Code

Lactobacillus (11) L.acidophilus, L.caseli, L.gasseri, L.delbrueckii ssp. bulgaricus, L.helveticu,
actobacillus
L.fermentum, L.paracasei, L.plantarum, L.reuteri, L.rhamnosus, L.salivarius

Lactococcus (1) Lc. lactis

Enterococcus (2) E.faecium, E.faecalis

Streptococcus (1) S.thermophilus

Bifidobacterium (4) B.bifidum, B.breve, B.longum, B.animalis ssp. lactis

URL :https://fineartamerica.com
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Probiotic 1abeling & Quality control Issue

‘ 7 S I #3° Store in a refrigerator at 2 - 8°C
Can be stored at room temperature (up to 25 °C)
Dispensing Pack
Probiotic Food Supplement

Quality control of probiotics is lacking,
study suggests

for up to 7 days without adversely affecting potency
g 3 ia blend *, v . anti-caking agent : silicon dioxide.
* Product information.

Best before: See base of pack
Each 4 .4g sachet provides a blend of 450 billion bacteria, DSM 24731, /

bifidobacteria (8. longum DSM 24736, B. breve DSM 24732, B, mlanl!s DSM 24737). lactobacill (L. acidophilus
DSM 24735, L. plantarum DSM 24730, L. paracasei DSM 24733, L. delbrueckii subsp. bulgaricus DSM 24734).

Directions: For adults and teenagers, take 1 to 4 sachets daily.

Open the sachet and stir the contents into cold water or any cold non-fizzy drink or food and

consume immediately.

Do not exceed the recommended daily intake.

Food supplements should not be used as substitute for a balanced and varied diet and a healthy lifestyle.
Do not use If the sachet is broken or damaged

Store out of reach of young children.

By Louisa Richards %', 20-Nov-2015
Last updated on 24-Nov-2015 at 20:07 GMT

This product does NOT contain soy, gluten, lactose or milk products. I

Distributed in the UK b: g
stribut n the y: e WA
FERRING Pharmaceuticals Ltd. 20000 Teaezane sl Novigho, (M)

Drayton Hall, Church Road, West Drayton UB7 7PS.

e

Distributed in the Renublic of Ireland bv:

> ldentifuing microorganisms in probiotic products is an important issue for |H“H|H|“I||H|m|
products quality control and public health. Furthermore, misidentification =..... ..o
of the probiotics might cause several health issues to consumers. -

> There is common needs of quality control on the probiotic products
around the world and growing demand for the research related to.

Only one in 16 probiofic products
pack. Photo credit: iStock.com

Related tags: Bifidobacterial, Study,

occus thermophilus BTO1,
sl (L. acidophilus BAOS,
A new study by scientists at the L 008).

bifidobacterial probiotic products a..

Directions: For adults and teenagers, take 1 to 2 sachets daily.

The researchers say there is cause for concern for consumers and those involved in clinical trials.
“These resuits suggest that quality control of probiotics is lacking.” they wrote.

The study published in Pediatric Research was conducted by scientists at the University of California
and University of Massachusetts in the US and University of Modena and Reggio Emilia in Italy.

Species confusion
Bifidobacterium longum (8. jongum) has two subspecies found in humans - B. jongum subsp. jongum
and B. longum subsp. infantis - that are challenging to distinguish using common methods.

URL : http://www.nutraingredients.com
National Institute
of Food and Drug Safety Evaluation

Opon the sachet, pour the content into cold water or any cold non-fizzy liquid or food, stir and consume
. Do not the ded daily dose.
g Food St should not be used as subsmute for a balanced and varied diet and a
healthy lifestyle.
Do not use if the sachet is broken or damaged. Store out of reach of young children.

|  This product does NOT contain soy, gluten, lactose or milk products |

A

The Microbiota in Gastrointestinal Pathophysiology, 2017, 171-178

Distributed in the UK by:
FERRING Pharmaceuticals Ltd.
Drayton Hall, Church Road, West Drayton UB7 7PS

D d in the of d by:
FERRING Ireland Limited, United Drug House,
Magna Business Park, Citywest, Dublin 24

VSL#3® is a reg of Actial F éutica Lda

fIGURE 20.1 Packaging of VSL#3. (A) Original DS formulation: (B) lately marketed product.
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|dentification of Probiotics using NGS (FD

v/ Researches on the test of LAB by metagenomic sequencing and analysis

$ F A $ j’ §
FIFdFEFFFsisississsissddsd 100% — —
FESESSFTFFTIFTIFiFEFTISS mB. breve
Dietary Supplement Brand Name 90% L Kanvaticis
Lot1
80% "
Product A t:i ! v = B. bifidum
pee .
——- = 70% B. longum
. 60% m S. thermophilus
ProductB Lot3
por v 50% m L. zeae
Vabity | i S e
m P. acidilacti
Ll 40%
Lot2 .
Product C Lot3 m C. perfringens
PCR" v 30% o
Vabity ] m L. salivarius
Lott
Lotz
Lot3
Po
Viabity
Lot
Lotz
Lot3
=
Vi
Lot
Lotz
Lot3
PCR

Relative Percent Present

m L. plantarum

Product D

® B. animalis

20%
B EE B
0% [—1 - - = E.faecium
! m m ProductG Product Product Product Product Product g reyteri
S v v v v lotl1 Glot2 Glot3 Hlotl Hlot2 Hlot3
! m ﬂ B. The relative abundance of each bacterium in a product also

SRl EHEE = ] shows the inconsistency in different lot of the same product

- M?:} ﬂ ! > This study gave us a good reason why we need to test and
o . . . control the quality of the commercial probiotic products.

= > The NGS clearly demonstrated its utility for quickly

v ; analyzing commercially available products containing

Product E

<
<

Product F

-

i

ProductJ Loty

PCR" v

SN—————— S S S 2 S S s e S S A multiple microbes to ensure consumer safetu.

** V' indicates single colongy growth on selective media

cioded on product label, Found duing Sequencing

Inciuded on product label; Not found during sequencing
Notonproduct labal; Found during sequencing

‘Sequencing value: presence

A. ltis notable that some of the indicated LAB and bifidobacteria
ingredients from 5 probiotic products were not detected mSphere, 2016, 1(2):00057-16
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Il. MFDS Metagenomic Analusis Pipeline




Bioinformatic Analysis of Sequence Data

v NGS is massively parallel and sequences millions of fragments per run simultaneously

v Bioinformatic sequence analysis is an essential part of the genome sequence analysis

FOOD SAMPLE

| N
_ Strain lsolatlon

Total Nucleic Acid Extraction

I.éff »

 CcDNA

Shotgun Shotgun Targeted
Genomics Metagenomics Metagenomics

! .ﬂ .J..

l ‘Bioinformatic sequence analysis

Metatranscriptomics NGS techniques

\y
=

Core Genes and Phylogenetic
genome functions composition

e o 000 A s ke Current Genomics, 2014, 15, 293-309
National Institute 11
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Pangenome Microbial activities




Overview of MFDS pipeline

v The development of the pipeline was done in two steps which are building a representative genome
database and a software for LAB detection and species proportion analysis

Construct reference database  gpecies A

i@
‘ selecting representative strain
- Species | Species | Species
NCE| Data filtering ~ Species B A 5 o
Complete genome - )
Species C ﬂ% %& %&

Species identification & Proportion analysis

Species Species Species

R drwrarwbl

Metagenome

Species

National Institute 12
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Automated analysis

v Establish a windows based automated application that detects the probiotics in probiotic products

v With this software, we can get the result of species identification and probiotics proportion of a probiotic
product with fully automatic way

Automated analysis program ( Windows 10)

[ Probiotic Detectiicn Program

File Help input

@ setting Input Files

| @ Machine Type: @illumina (ion torrent

© RawFiles: | gelect File

|| filename

directory
SRR5359833_1.fastq E#__ 0400_20170101~%23.F
SRR5359833_2.fastq E#__ 0400 20170101~%23.F

<

@ Output Directory : | galect Directory

| Jresult

MINISTRY OF FOOD AND DRUG SAFETY
National Institute
of Food and Drug Safety Evaluation
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Automated analysis

Species Identification Species Proportion
X Advanced Probiotic Detection Program - m] x X Advanced Probiotic Detection Program - O X
Ele Help File Help
Probiotics_7 Probiotics_7
| Save H back H forw H 2 ‘ of 4 pages. | Save H back || forw H 3| of 4 pages.
Probiotics_7
1.0
N DUNEN | SRR S - Probiotics_7
L)
!u.s
2
(v
Species
. | [ s N e N e Y e - [l 5ridobacterium_animais
n ] " n T o= T = T L unwuan B efidobacterium _breve
_E>§—§ng§U:gEu==+‘E .Enh!ucuccus_faznum
ﬂueaﬂ_._mgum‘gme.um':u._
Ell:.ﬂcggi“ :::*50032"2'5 B Lactobacius_acidophiius
E‘-a IEENOWIEUD,EEEIEémIO .Lactohacihs_umlarum
8 GET N T 32E T8 8une® S E Lactobacillus_salivarius
'ESEVYnNGTE0 g5 cs2ase ML | -
E:tzaﬂﬂuuﬂ-= ln' IZ% 08 0 [ actococcus actis
=':B'l:u°m'gm'm";g:gum':gﬁ
R E R ENFEEREL R LN
SEEE838228228533823¢8 ¢
Uﬂclﬂ ,_'Emuucm"ﬂuu"uu
T a 2 U g r T aS guncda
2028028 -“22g5288Rma8" &
2S8EB 559 28480880 ¢
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lll. Applications of MFDS Pipeline in Foods




Sample Preparation

Sequencing

Sample
Run

Sample Preparation

Bioinformatics

Data

analysis Report

Library preparation
5" 3

2e@we
@B e

Genomic DNA

National Institute
of Food and Drug Safety Evaluation

Shearing DNA fragment

5 I '

5

I

+ 5' I '

m Barcoded adapter * PCR

I Barcode

Pl adapter

3!
SI

5
3

Ligation adaptor and Amplify library
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sequencing Run

v For a sequencing step, we check the library QC, load the library and run the sequencing

Sample ' Sequencing Bioinformatics Data
Sample Preparation y Run y analysis Report

Library loading Sequencing Run >

NGCS

MASSIVELY
PARALLEL

-
S48 %S,

N ‘h’f\

National Institute 17
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Bioinformatics Analysis

[ ~ Sequencing Bioinformatics Data
r Run 4 ' ana|ysis Report

Sample

Sample Preparation

X Input x
@ setting Input Files
X Advanced Probiotic Detection Program - a X

@ Project Name : ‘thiutics_?

© patabase: ‘ 23_reference_databast | « ‘

@ sequencing Platform :  (Jillumina  (s) ion torent

File Help

@ Raw Files :
filename directory
2018.05.lonXp . d/ADV_probiotics/Sample_data/20180...

NGS17-R_2018_08_... /mnt/d/ADV_probiotics/Sample_data/20180...

@ output pirectory : | Sl Dy ‘

| fresult

| OK H Cancel ‘
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DATA REPORT

v The analyzed data was summarized and displayed

Data
Report

Sample Sequencing

Bioinformatics

Run analysis

Sample Preparation

3

Probiotic Detection Report

2016-08-10 175442
Platiom o torrent

nput 2018 05 lonXpress_NG0_PT fasig
N6O_PT
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summary

Probiotics and Quality control system

In order to manage the probiotic market, it is necessary to check whether the probiotic
products actually contains the lactic acid bacteria (LAB) and bifidobacterial as it labeled.
The genome-based method has been added to the official microbiological testing methods
of Food Code.

Development of MFDS Metagenomic Analysis Pipeline

v A bioinformatics analysis pipeline is required for efficient analysis of NGS data.

v" MFDS metagenomic analysis pipeline provided new criteria for the presence or absence

of LAB in the sample to adequately control false detection and manifested the high accuracy
in the proportion analysis.

Applications of MFDS Pipeline in Foods

v" MFDS pipelines can provide appropriate assistance for probiotic quality control, including
labeling issues.

v" The pipeline will also be open to the probiotic product manufacturers so that those companies
keep the quality of their products consistently.

SENSTRL.OF FICO NP NI SNNTY:
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Further study

Reads (Input)

Database expansion

Probiotics Database

7

Reference Genome (1)

Reference Genome (2)

Reference Genome (3)

—— e—

(  Food-borne Pathogen Database

)

Reference Genome (a)

i

Reference Genome (b)

Reference Genome (c)

{

Probiotic labeling and quality control
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{

Detection of food-borne pathogens

21



Acknowledgement

Q Nationa st Food Microbiology Division

of Food and Drug Safety Evaluation

geﬂj(micsa Bioinformatics analysis : Woori Kwak, Donghyeok Seol

AINISTRY OF FOOD AND DRUG SAFETY

National Institute
of Food and Drug Safety Evaluation




Thank you for Listening

MINISTRY OF FOOO AND DRUG SAFETY

National Institute
of Food and Drug Safety Evaluation




