(™) pissN 27334554
X elssN 27334562

J. Dairy Sci. Biotechnol. 2020;38(2):99-111
https://doi.org/10.22424/jdsb.2020.38.2.99

ARTICLE

Check for
updates

O2HPOIREA MY =Ml IS Flet Ry F7IEel Mgt

2N - 293P . QNZF

'S HOIRICHEI T oA, TR S ABHY : t

ol

f:_]
o

tp 3

)

ol

2

OB ST

oo

_Jon

HH

J
Jon

Suggestion of a Safety Evaluation Procedure to
Improve Probiotic Safety

Sejeong Kim', Yohan Yoon'”, and Sejong Oh*

'Risk Analysis Research Center, Sookmyung Women’s University, Seoul, Korea
Dept. of Food and Nutrition, Sookmyung Women’s University, Seoul, Korea
*College of Agriculture & Life Sciences, Chonnam National University, Kwangju, Korea

Received: June 1, 2020
Revised: June 22, 2020
Accepted: June 22, 2020

*Corresponding author :

Yohan Yoon

Dept. of Food and Nutrition, Sookmyung
Women’s University, Seoul, Korea

Tel : +82-2-2077-7585

Fax : +82-2-710-9479

E-mail : yyoon@sookmyung.ac.kr

Sejong Oh

College of Agriculture & Life Sciences,
Chonnam National University, Kwangju
Korea

Tel : +82-62-530-2116

Fax : +82-62-530-2129

E-mail : soh@jnu.ac.kr

Copyright © 2020 Korean Society of
Dairy Science and Biotechnology.

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is
properly cited.

ORCID
Sejeong Kim
https://orcid.org/0000-0001-9741-8056

Yohan Yoon
https://orcid.org/0000-0002-4561-6218

Sejong Oh
https://orcid.org/0000-0002-5870-3038

www.ksdst.org

Abstract

Probiotics are actively being studied for their efficacious anticancer, anticholesterol, and
antidiabetic properties. As novel probiotic strains are being developed continuously, new
strain-specific safety issues may be reported. Therefore, a procedure for the safety
evaluation of probiotic strains is needed. In this study, we investigated the current status
of domestic and foreign guidelines for the evaluation of safety of probiotics and suggested
a general probiotic safety evaluation process. In other countries, the guidelines for
probiotic evaluation are provided and managed separately. However, in Korea, general
guidelines are provided regarding the use of functional ingredients, and specific guidelines
for the use of probiotics are lacking. A review step based on the characteristics of the
probiotics has been introduced in the procedure for safety evaluation of probiotics.
Additionally, it has been suggested that the safety evaluation process should consider the
results of the functional and genomic analysis for strain identification. Moreover, the
factors to be evaluated are presented separately for the notified and non-notified strains.
The suggested evaluation procedure may ensure the safety of probiotics, thereby promoting
enhanced utilization of probiotics as functional products.
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1. Z2HO|QEA g5t AH| 7}

L2Hlo] 9 gAE ‘HHs ¢ Sh= Aol vy
E 2 JodrHl]. Z2Hlo] e AL AHEo] QFs), Hr] oA, oMt F2E Aol i
Hojihg A Aot AHde] 7158 skl gejA glom, o] ghof WA} 2R, et
FEAAEE, Pk, FLA, FEEWSY 47 59 YA a0l tigh A7t o] o]Fo]
A3 TH2,3]. F<E, 7730l gt A 371t A A7 71673E A ZR2H|QEA Ao]
w27 /ggotal glom, =y Z2Hlo| o gA AR 20121 5199 oA 20164 1,9039] €2
E JtH7t 59 ghof 4uf ol wlEA Astar QIckFig. 1I4,5]. 7S 86k A
2 ojur} § I YT, ol AR 7|E0E &3 o] of 1 WHjFT|ECR &%
ZAo= AA AR Zpo7h YARE, A&H 0= Aol Qs A2 ot A AAHeR: ng
HRO| QEIA AL A&A 07 AJAsto] T vt tigk 49.49) G| S, Wl 7% AE
2 ZE Aol ad=|QltHe). skARE oA ZaHlo] QA Ao X|&H 0 Aol Q=
ShH, ofof thet QP A= Tl =L Qlo] ZEHpo] o gA QBdA] HARY] ZJslo] Tt B8
3ol A71=1L Qlrt.
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2. TZHIO|QEAL| OFHY| CHSt ZAIH

AZPAG R A[7]014 RARE ] A77)6541% oA & Z2Hlo| Qe A AE I A =
20199714] & 1,0667102, id ATARE S710kaL A FAIe1H (Fig. 2), ol2fst Alil ARE
HpERo g AFEojoRZoly Aol 7|20 3171 Lulo] Q el tigt HA 9 7154 IS
AAJstaL gloH, A&Hog A HE of1gt v SItH8 ).

L] QEAS] ] Hakgogl ngHlo|QEA Tt} B2o 3 QI A & 7kA WA 9l A
A}, BB} R 39t AT 71 B4 58 HEche EEY] A SOl BaE 1 gtk
[101. 20169 R0z A -UollA] LISt vio] T2 H, 201587HA] AJZO]REQPHA o] Bl
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Fig. 1. Total sales of probiotics in Korea (2012-2019).
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Fig. 2. Number of reported cases of probiotics abnormality (2015-2019).

H F 408719 o AH 5 800 7lo] mEHlo]QEIACL TAH KRGO FF HHES, AAt
Sollon, AR 2013-20154W AlIA] F 53.7%= AsPIAE A7 2 85,
16.4%7} FE217], o] Qlofli= AA}, w2340l = AckFig. 3)[11]. E3] YA &A} & 24
ol 59 A% HEF, 483 59 Yokt BuEo] sig AT &R Ad e S
B9l ZEHPo| REYAS B85l Zlo] Basithal |kt 3L ZEHo| QYA A|F9| o /FAL
goll= Al AFE g F2RE AR ofyz}, s F750] ZE o] AU AlE Wl 271
of YA 2 #F9 2%, 53] A& o FFTFOl Hgchs A S ZEo] ZEHo|egA
AE] e E F4 ol otk 897F oML QIHH12). §3), Enterococcus 4 AW, 5=
9] Zfjol] EAfjst, Z2Hlo| QEIA JA|GO| &oh= TFE= Ent. faecalis?t Ent. faecium’o]
t}. ol dFE HA Streprococcus tfaecalis?t Str. faeciumPE EREHJA}E. tFESIAQL
Robecca Lacefieldol 9Jsl] 7i3HE £5%Q1 Lancefield ¥+ Streptococcaceae(Lactococcus,
Streptococcus 5)E BsHE ol wet A-O FYoF FEI=, Fnterococcuss Lance-
field 1% D StreptococcusOll 3K Group A, AAELA; Group B, 7131594 HY4A; Group
C, 5% ¥¥Y4X; Group D, Enteric T+ non enteric). 9% Ent. faecium 7383t JAAZ

Dermatitis or skin rash

Diarrhea

Gastrointestinal damage

Urticaria .
and pain

Fig. 3. Ratio by cause of probiotics abnormality (2013-2015).
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gzl gramtolAlo] WS 7HAAL Jl=d], o whambolAlu g (Vancomycin resistant
Enterocccus faecium, VRE)OJ2t FEH, Aol 205 7]Zofof g}, whabA| AFoRERbA
NN Enterocccus #5500 His ZEH|QEIA AH7IE AR F 201995 EH= A WA
AR FFE ERIT A oFslstal Qi

ILZ2HP|QEAR AMEE dFe QA4 750] 7= 50l (strain specific)o]1, B0 wet
Az 1 83} golstA YehtE g A1z} sk 7157300 w483t #5-8 Adste] ARgstojof
QT3] wEpA, ZEHpo| QEIA o] w} PR/} 715/d0l thet 7= EebA{of o Aotk
TS FA7A Y R Y £ 2 7R Q7] thiEol e A fRA, BlaRA)
o 22 A BA 7|&S o83l o et H BRE ook &t L acidophilust L. casei=
AESHAN} . rhamnosusz A BEE A7 AR 0™, Salvettti 11412 Lactobacillus &
< Z3t F 1150l 10719] phylogroup) X 23709] &(genus) 2 & AlEFd & Tkl SHSE
vh QIH12,14].

AR, AFOeRERPAA IA] A7 SAIES VIS B ] 75 dE-TEHO| R EJA
NIol= FF= Lactobacillus &3} Bifidobacterium <& 59] E3He= £ 19Z0|tKTable 1).
A Z2HO]|QEA Fo tiofiAs Bl P H7FE 8F5HA] QAT ©] F Enterococcus
E2 A s 4o 4 drke d7+4x7t T3] Wt Enterococcus 42 TEHO|E
o-gstarA}t o Aol A W A 2 =4 FARREARE AAIBHES TAIE O Qlrt
19 o 99| HBES ZEHP|QEAR ARRSHIAL T Aol HR FRAT P/
A IS AA AE B AELE 5715 wrofok shH[15], 2008 dHE A7 109
w7t 7 Q17 ZEH|QEAR §]7pdol ARGE|LL QITH16]. o|AY ZEHlo]QEAL]
g w57t ZEHPO|QEIAR A& Al glon, ool mEt =&
oA EAZ} B1E7|% Sttt o]o ule}, mEufo] QElA0 st oFAA ZHAR WAL Ax}
EORA AL §lom, Sff ZEHlo] A 5 QIS fI8k P/ W7t AlA miRio] 8E L Qlrh
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(1) UZISAE 7158 ¥ ¥ 7IE-74 o st 78

S ZEHpol QB 5 S Y] ffsiMe AFRIREIA ASAE Vs 9=
2 71E - 314 Aol Tt 9] All4R AT UE B AR 716 URY A
BE it AR O wet Qb et wehe Ut AmE AIESHS skl AtkFig.
P15, o] A= 71e4FS] Az f7, 728 o, A5 50l wet Algsolok ske
A A=E Ao, LaHlo|eE ] Ze AF 271 AR, Y 7IeAdE B e

l‘

Table 1. Probiotics approved by the Ministry of Food and Drug Safety. Public domain [8]

= =
o TT

L. acidophilus, L. casei, L. gasseri, L. delbrueckii ssp. bulgaricus, L. helveticus,

Lactobacillus L. fermentum, L. paracasei, L. plantarum, L. reuteri L. rhamnosus, L. salivarius

Lactococcus Lc. lactis

Enterococcus” E. faecium, E. faecalis

Streptococcus S. thermophilus

Bifidobacterium B. bifidum, B. breve, B. longum, B. animalis ssp. lactis

" Enterococcus spp. can be used only in the absence of antibiotic-resistant genes and toxogenic genes.
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Fig. 4. Decision-making diagram for safety evaluation of functional ingredients for health
supplements. Public domain [15].

et g HE 2w, AHFE R 52 AESHeS Hof AthFig. 5). webd IAF9] 3T,
AT ol sigo] ¥, TAIFOIA[RL straing 71514 ARESHE -l xx@AlA ZHA]
w28l olF 2%l L. plantarum XX #F)°le QAR E T & 283k Aof M geE A
oA HEgt Ao mOtE| I Glrk.

(2) HZIISAE 7158 ¥ AYS 25 MSXE Y J0IE
AFQFIAF7 s W7154E 7164 ER e ARt AlEAm A4 TlelEE F
8ff ZzHjo] QA ARl P H7} 7Io|=E ARSI THITI. A w5 Ejle FsiA
WA A=E AIEStelor i, IR 9] - FAO/WHO 71l =2l whe b dAta
(AN, WIS, 88 5)E AlEstolor AHH18]. A BT ol9ol= =3Ad
AR(@IFASHA, FASGAE ST F7HCR A& == AXSIL AH17].

2) =9HE

(1) FAO/WHO

FAO/WHO<= 20024 4% ol 2] Zzviol QA 7} 7ho|=2felE 7idsiitt. 7hol=z}
Qlof| wet ZHfo]R A 5 FHONMTE 7154 % A B7F I I F EAARIZIA
ZzHlo] QB2 7} Zuto] tigt 53 AA S AXSHL thFig. 6). 53] A B
A, 2T ZzHlo| QE A 0] QlAgnt FARgol| At A AIE A, AW, Wit
AR, 88 59 o] KA B7E AASHES EASL AT
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O TARNEAED NE DL Ay, E NFE D s, EAHEY Ve 9 A Aw
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5) SHNUARE DITISHAY, 000 WRTFASHAY, FASYANY RGASHAR 23 0 A Ug
o TooESe SAARAE oA WA BER).E A Row & o, RSYA Y (R, W, F
AN QR HAY ol rgol wAH HHNE FAF Aest A= A AFE Ay A

22 4ol FelHA 2 APl FRSYNY ol gl F7h SHANFARCIA - BARY, LY, @

Fig. 5. Safety data that must be submitted in accordance with the 'Decision for safety evaluation
of functional ingredients for health supplements’ [15].

(2) HLict

futt AR (Health Canada)®] ‘Guidance document-the use of probiotic microorga-
nisms in food A= Z2HO| QEAS o]-g3t AFoA] AE 2hdl 9 Falof glo] ZEH[o|
A2 A S8Ee AFZEA (health claims)E H&9] sheS okal, P4 2 QP (stability)oll
it 71S AAlska tH11,19]. T3 Ayt 2R OﬂjﬂL A 5EA0] TZHlo]|QEAS HAA
715 AZE(Natural Health Product, NHP)C & E&3}=4], NHP Z&H}o] Q€A o] thal golAl
A Aoyt ghdlo] #st AR ZHZ ‘Product licence applications for natural health
products containing probiotics' [2012} ‘Natural health product probiotics [21]1& E3|4] A
Alskal Qi

Q) =8

Buropean Food Safety Authority(EFSA)OA = 41&Z0|u} Almol| ARSE t|AEL QPS(The
Qualified Presumption of Safety) A|28& E%}o}oi 45717} sl U] ‘:'9,] oFAAS HrlsH
T AMBSHEE St Qck. 20059 EFSACIA] AlAEE A et A ke
HE2(taxonomy), MG U= ot kA T HHO| ok(body of knowledge), HA
(pathogenicity), &=(end use) 5= TAZ JPFIcH22,23]. 3HARE, EFSACAE T Z2Hlo] Q€]
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Strain identification by phenotypic and genotypic methods (Detailed in
Section 3.1)

*Genus, species, strain

*Deposit strain in international culture collection

|

Functional characterization
(Detailed in Section 3.2)

® In vitro tests

® Animal studies

Safety assessment (Detailed in
Section 3.3)
® In vitro and/or animal

®Phase | human study

Double blind. randomized. placebo-controlled
(DBPC) phase 2 human trial or other appropriate
design with sample size »

Preferably second

and primary outcome appropriate to determine 111F:::1(31e}1t(1e1}r I;BPC
if strain/product is efficacious study to confum
results

(Detailed in Section 3.4)
Phase 3, effectiveness l
trial is appropriate to
compare probiotics with
standard treatment of a
specific condition

Probiotic Food

l

Labeling (Detailed in Section 3.5)

*Contents — genus, species. strain designation
*Minimum numbers of viable bacteria at end of shelf-life
*Proper storage conditions

*Corporate contact details for consumer information.

Fig. 6. Guidelines for the evaluation of probiotics for food use [18]. Copyright 2002 by FAO and
WHO.

2o gk Aol WA 2 glom, i‘ﬂ}o]i‘;]/\«] WA G50l oAz A AsHA &
=tH24]. &, ARE o] it ZeHPO|QEA B5S ARl HA[T 4 Qith. ZEHP|QEHA=
A7371541% BSARARE st =t olet WAH A% HAl= EFSAY AEE3A 443
(food supplement directive, FSD)o|u ARI15E AEHH F(regulation on food for
specific groups, FSG regulation)°] w2t}

@) o=

njo. Mol QEAS o] met AEHEA, AE AR EL ookZon FAFITH2S) AE
A7HEE tRES ARESH] 54 Food and Drug Administration(FDA)2] APl Ho}
oF 3}A|3t Generally Recognized as Safe(GRAS)E Saf QFdsictal QIH Ag= A1Zof H77t
7¥sot, Z2Hlo] QEIAR ARBERE F57F GRASE 1¥E AEZE QITH26]. SFA|TE thEEe
EHO|QE| A= AoHEA| R w7} El=t], o] o= FDA 52l §lo] A4 24 7|50] o
FF= HA A et #AZE 7hssith A 850 ZEHO|QEAS OJoRE o g mufstalA}
T Aeole FAAE, v, YRAPAE 5= AlIESt] FDA 591 & w7} 7hssieH25].
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=l

1) 7HdsHor & M

SeloAE ZzuHjo] @ ElAe] E4of wt X2ulo] Qe ATRS ffot lo|ERiele R AlE st
of TBIAL Qlrt. i) B, WI7ISAE A e R V1A U= S it Alm AlE Tel=
2RlE AL Q71 SR, Zeuto] A Yz tijt AV Sold2 #E3[H. ofd, &
ZHjo] 0 EA0) S4S JEet P 7t 7iel= BRle ik ® wild B Aol il wkdEr:.

Zeupo] QB S MRt A 97t lel=EelE fsiME @A v 2737154EA
iRt 7lol =2kl v oz euto] QA QAo digh 24l Adet 9] Tlol=akle F
qsto] 7ol =2flo] upsof gt E3, ho|=2iqlo] Lzufo] Qe tigh /g 2w A&
ACEFZA 2 A5 971 33/ DB AA 23, AAAEATR B AR 7 5)E BES]
ShL, M Al Alee Rt AR W Al AXE 287 AtkFig. 7).

A LAY ] Hishie 712AR0 B B7HWAPATE, HEsdAd, 2984 S
SH=% AAE 0] 31U, Enrerococcus?t o] /el dit EAIRIA W, HYd 97t A
A A71E dFEoI Rl gt FARGAR7E AaE o] dishie SRl e RAht
LA AL B AIESSHES S12L(18], BlaA[Fwtol disiAe 71229 g HrasEet
ofyz}, F7HQl SYAIE Aufet ST AnES AlEsHeS ok drkFig. 8).

KA ke ZeHlo|gA 7S 9= S s Badth ¢ S0 7Is A BNt
T f714oR dZg & vk wEhA, AAAQl Z2Ho| EA AT BRI TaAA
tollAf P B7tell et AFARKIAIREATE, A W, =4 AGAR 5ol 28H==
ZzHo|E A i A HA} A Eofof .

2) M3ZA ¥ MY W
HHAE g meologx Unel o] YRl et A2 S AZHES k. 71
oIt B0 WA glo] EAEkE lgRolglA, Sf TRrlo] OYAT TAE FFIX

R 74 A ot
» UAIISAE 1S ¥R « 71E- 7 A * D2H0|QEA 20| OHHY Y7 MUk WX}
B ROl OANZHYEO WAt oY XizE HA
HISSHEE KA U
SIS A4 . X2 HS0) i3 RHHO! XA oAl
» UYIISAE TISH HB QFE QIS HEXIE ’ N
s O 0| & X brul x|
24 J0IS’ O TISA YU MHES Dasp OPHY o SLXEZ0)| 25t 2|4 A7 Aol Hhy
7t0I=2t2l HiEsH, Z2u0|2E A HHY H = EXH OPNA WU ASAO| AAY 2 B
JHofl Etet A S YR BEtetl US (A|E2E AR 5)

+ 7ISY #E A1 JI0|=R101 F oY It g Kol Y
+ TFOICHCLE QMY WILESS HE R

PHY X2 HE FHSKEY A7 1Y) o TFOAHY0 et 2R HTAE EX 0

o A UE S A Y Uy

¢ M2 SYAR S ZX o2

+ HIQEA et WIoIE g

X oEY Wote] AEH 2MFE B + EZHAIE HISYAIE B Yot D24AH EX 0%
* WIDIE YA LHE

Fig. 7. Domestic guidelines for probiotic health supplements and its improvement plan.
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o153t yu-esss | omuy uxgA 2Haol5)
* WHO/FAO guideline
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TTES oy 2% 4y ;
- LARALE  EAMAOE «SHAE (T3S0, 90Y EIRE0, FEHSY §)
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Fig. 8. Plan for safety data submissions.

B2 AN 4 9lom, 200] A9 vl3e] GRAS, FiiTe] NHP, $39] QPS SolA 5et Ae:
(P 7%, B, 2% SIS ANT & Atk A3 Bk A3 YR0) ALYl el 85
AEO] B4 2 oA BRARAEY, AR, BT, 43 2O 5B AFsee
s,

3) oFHA DB M 2}

QS mavlol Qe YR HHZ QI8 QFIA Bl ARCKES, B4, Fa8 A, 47
A) Sl 5] thet she] =g, S - 9] BRRIN, FAPIT B34 59 eoleo) 24
2te AZES AT AALIE A4 doleluo)act AAel, Aulo] it 44 2 FAS
EYSHEE ek

4) AHHZAIY B

UIHGAIY FHolH BRE opguRgolt, QPR AT wske] ohet B AN AENES
Tk A BN RO, AR, AT L AR Y AR BT L ADE Y2
sfof 71geles Tt

5) ST}
SN AR F RHSYAY 2L OB SYA/IE -4 1] A2017-715)
7

o TS o A ]
WI71SAF 71574

FASIANE BE2XT 1 B 28 Falsto] AXE 5 o, E3t 7|&

g AFS A3 AEAR F/g7tol =~ kEetE ]‘1(2019) 9] A AR AZE 7ol
= 3 7kssith

7N EEZAIR (ST =HAE, 909 RHERISAAI, FA=AIR) Qo 371 =4 AR
IR, A, HYEA, B2 7158 W 5 —:J H& Fo|u FHaktolA 9] TEgt
HY 7 o5 Al E vie R AXshy, S4AE WS AAIEE /717 Organization for
Economic Cooporation and Development, OECD)ol|4 Fdl= SAAI W 52 ule} B4
sto] ANES gttt A A3t o ks E =4 o R} MAAAE, BT 52 2 ARR
AAgh

4

lru

1>

6) TRl Hxl
oPgel Fute Fstel, Fig. 9% 2o] Zavjol Qe ZSHUR i HiY W BRE
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Fig. 9. Procedure for functional material recognition and safety evaluation of probiotics.
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