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Abstract

Ever since the definition “live microorganisms which
when administered in adequate amounts confer a health
benefit on the host and guidelines of probiotics by the
Food and Agriculture Organization of the United Na-
tions and the WHO were announced, the research and
product development using probiotics has been hugely
successful. As a result, probiotics products become an
important part of the functional food market. Recently,
thanks to rapidly growing microbiome research, more
diverse roles and health benefits of probiotics are being
elucidated. Based on those results, pharmabiotics using
probiotics are anticipated. In addition, in order to be in-
ternationally competitive and distributed, efforts should
be made for certification such as GRAS/NDI notifica-

*Corresponding author: Myeong Soo Park,

tion through quality control that meets global standards.
In this paper, we reviewed several aspects of probiotics
concerning recently amended definition of probiotics,
the regulation of probiotics, the strain specificity of ef-
ficacy, the association with microbiome research, and
the market trends.

key words: probiotics, products, microbiome, pharm-
abiotics, Bifidobacterium.
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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 Le. lactis
Enterococcus E. faecium, E. faecalis

Streptococcus S. thermophilus

B. bifidum, B. breve, B. longum,
= 2ule] 9 €l | | Bifidobacterium
B. animalis ssp. lactis
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54 Az L 75788

A12009-28% 5213t fitat 541, Sl <A, HH 835 9%

2013.07.05 (2009.04.07) I 2ulo] QB A(CA| D)) HHY S 235l AP £ 5 4+ S
e A7) 253)

A2013-17% : ; : A 2} Q1gt-gof ot T RAE] QM 22 & 2
2013.09.26 (2013.07.03) [Lactobacillus sakei Probio65 L~ 918 (Aa]ar ]y 252)

A2014-55 ; . HIAE Z20] =88 & 4+ A (AR5
2014.02.19 (2014.02.04) [Lactobacilius gasseri BNR17 he)

—— RI%] faler 3o ojet s ge RN 8 g &
2014.04.28 I 2ulo] @E A ATP = o #H AAH LA Fo] u|EF (218

(2014.04.23) L ogc

A7) 355)

H|2014-275%. o Rt 5412 E8 ol A Ao =82 &2 5

2014.07.14 (2014.07.03) UREX Z2ulo] @ElA 0le (WalHA 7S 253)
15 =] = A 0] (AMalsEkA

2015.01.26 A2015-12 Lactobacillus plantarum HY7714 5]1 Beo 38 & 3 AT (RIS

(2015.01.05) 59

H2015-2% ; 19 o] ofgh |y &30 2 RE T]R 217} {4
2015.01.26 (2015.01.05) Lactobacillus plantarum HY7714 o] 582 & 2 92 (WIS 253)
2018.01.05 (;“0210?1 Eb‘z%) Lactobacillus gasseri BNR17 K a0 £22 5 2 USRS
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2L BER7|% 3ith Z2dlo]|QElAYE AZ ZH nized As Safe(GRAS)o| SA= AU, @ GRAS A}
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S5 S AT Aol FDA $RI(F2 A I A dlg B2 dubE bdAdS ERIvHALY,
)2 drofof et 19944 109 15 o]#o] u|=  FDA9] sl &2 0] GRASYS EHolsle = 2 435}
oA Ao A= dufE Ho] §li= M2 A of FDARRE RIS WAL, @ A& H7He A
2= A9t Alo] Y& 215 (New Dietary Ingredient, L3171 AA ARE AA Sl B2 oA
NDI) #Hgof e]ste] HE 9 5Rl=] ook git) &,
Al 759 el FDAC] -g-x] 8t oF 611, FDAE= 7

U. S FDA GRAS Certification

S F 90U, W4 A A AEE FRE ) e
W AT, A F 0L olFlt nE AR
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Bl A=t e

(£l U.S. FOOD & DRUG
ASMINISTRATION

LA ¥ & 214 = (Generally Recognized as Safe,
GRAS)= 19574 o] Ao u]= Yol A AR5 o]
= =4 *‘E—J URE AMgstaA FH, @O 321, 2 252 GRAS % NDI Q1S5S S B bifidum BGNA 9}
Aubx o 72 QA5 Q1A E+= Generally Recog- B longum BORI
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4, To| D2l0|QEIA O ARS I8t BR KIX U M1 B8t (SRmziolzoine 2016)
o= FAO % WHO sF REAS FHLiCH
= AS(HUETAR) | ME = [iH|2[2H(comple | » AZEEH| = A Z(food)
= OokE mentary (food = HAHAT ISHE
- medicing) supplement) (Natural Health
SR Product):
NE2H A2
= FDA = TGA mEFSA(European | @ Health Canada
gt (Food and Drug (Therapeutic Food Safety
5y Administration) = Goods Authority) 2
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SRR B0 I+ QU Search0lAf &0 W2 .
SLE, MIZEARE Ay ¢ gl ‘probiotic’ O2H0|EAZ
AlZQ| QK 9l QIZHHE LAMO] U Al | m AFOHEH[O M BI85
evidenceOi| 7|EH5H | LMAE BE HIE=S ZM0| | oHEt M22 UL ER (hea
claimg aoF & ks, UE AR MAMX | Ith claims)S
w EASI0 QY | TISE YU o2t H7t Y15 5,
= OPIR: opE ot HA eIt S 2,
T 2t A AE A SHERMEY) ¥
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2 sogs Sol | F=E 7IE0
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Rare
Strain-specific effects
= Neurological effects
= Immunological effects
= Endocrinological effects
= Production of specific bioactives

Frequent
Species-level effects
= Vitamin synthesis = Bile salt metabolism
= Direct antagonism = Enzymatic activity
= Gut barrier reinforcement = Neutralization of carcinogens

Widespread
Among studied probiotics
= Normalization of perturbed microbiota
= Increased turnover of enterocytes
= Competitive exclusion of pathogens

= Colonization resistance
= Acid and SCFA production
= Regulation of intestinal transit

T2 2, ZZHIO|QEIANM HIHLISS| 7FsA B2 (Hil 5, 2014)

F=0 75, Ffrof ZrHPO| QE A AR 2017
doll oF 3% 14009 281, = F=9] HF
HARE Feloptt S Gl Z2ufo]| QB Y
7 9 AIEo AT 4= Ut} o] AlAelli= FDAS]
GRAS Q152 F42 8438k glom, dAx7HA|
127 #50F B A 07 AFRE D 9l ELS) A
Zolct. ul= GRAS Q152 5= Aol 1&e 4=
U= AHF o] FojH Aojrt. fgAdtolA Z=HE
O|QEIA W &A1& R 752 Food Products Directive
and Regulation (regulation 178/2002/EC; directive
2000/13/EU)ol| whet ] ¥lct. ujo] @ gl 2o
et A7} 7] 54 European Food Safety Authority
(EFSA)9] 5915 Hholok gitt. EFSA+= QF4/4 &
7V} HAsHA] oF2 22714 widE 52 Wy
th oA ZzHpo] @ A 7Y 7]-5/d2 EFSA
AN B7FE ok AF7HA= 248l Winclove
ALQ] vitamin B12 31A8AF w21 Propionibacterium
freudenreichii W2000] vitamin B12 3% 87}%] A7}
7154E 1Akt Winclove Probiotics, 2017).
ZFoM = ZEHPO|QE A tiA|ofofe e B
%] Therapeutic Goods Administration(TGA)oj| A]
gt olek. Aubthol A Zanol o E At AE
o A7}El RWHFEE Lactobacilli®} Bifidobacteria)
= A 9o qFefe] AE el T

=0 & FR3tt AEAQl A2 Al A Health

4F A4
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¥ 5, Bifidobacterium?| CHEMAI|M|Z(Caco—2 cel)2t Eak=2
H|Z(Kim £, 2003)

Bifidobacterium strains Adherent bacteria*

BGN-4 500
E2-18 168
E-15 132
JS-9 84
RD-54 67
SI 61
SH-2 47
RD-60 42
B. bifidum ATCC 2952 35
CN-2 30
SJ-32 26
KJ 24
HIJ-30 23
B. animalis ATCC 2552 22
SH-5 17
B. adolescentis ATCC 15703 19
B. infantis ATCC 15697 15
B. longum ATCC 15707 11
M-6 10
MS-1 10

*Mean numbers of adhering bifidobacteria per 50 Caco-2 cells.

Canada®] P4 HEE Ad 2 a7} glot. shA|
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I} Fspecies)?] et L2HO]QE 0] Fgo]
A - 2 2ol & U 7] wo tHLE2).

A 2K, ofef 50l AIAE chekeh vl e A o




o] o AAFT] A 32 (Caco-2 cell)o]] thal H253 o
1o\ A BGN4 oF+= B. bifidum 0.5 F A3t <&
of| 2:81= B. bifidum ATCC29520]| v]&}o] 2F 15u}
589 z2tolE HATHEES). o]t dA
> A2 Ao & FU3 &, Fo| otolgte
HEEA] 28 H]»O]QE]/\ 8=

—_

ém

.|_4

H z)
‘.___'__X

OO

F

k=)
LN
-,
[kl
u
o
o
o
Sﬂ
[
é
n{m

I 6, 2L Z2H}0|2EIA(Probiotics)

re
;‘E
m
el
=2
w
fon
o

At 5 (strain™g )L HA|FoJof 3l 1 FFE

2§92 wfolluk ATe] o] HAH

3, mavol s AE Yoli B4 w50l
sel7|&e AFEWE ol e}, g #FE £
Sz AEO] A3 T A el o] S Fo] &
AE oA = H=A] Fasitt 2ol AT
2] A% 57 A (whole genome) HAo] A
7] wizell BlaL ] 7]e2 o] 87k 5 5ol 4]
Zglolm Q] tjA}ely} o]E 0] 83t PCRE E35}o]
EX FZo] Ak AHAJZ BAdo] 7hssl| &t oﬂ

r N'H

5

£ 59, PCRE o] gato] ZRulo] Qe A A|Fg
5 7] WollA B. bifidum BGN4S d*;”&
2 HET = AT F3). o7t HE vhgsto]
Fo] AR Aol A= Aol 28 8 5
5 B3] FAIshE FAE B E}(L@

4. TIZHO|QEA AX 5

U= ARARIA vpzliqioRzle] w2 A AlA

25 =2 & 25 e
Bacillus licheniformis 3 Lactobacillus paracasei 3
Bacillus subtilis 6 Lactobacillus plantarum 20
Bifidobacterium bifidum BGN4 4 Lactobacillus plantarum CILP133 3
Bifidobacterium breve 5 Lactobacillus plantarum HY7714 3
Bifidobacterium lactis 5 Lactobacillus plantarum KY1032 6
Bifidobacterium longum 7 Lactobacillus plantarum L67 4
Bifidobacterium longum B6 3 Lactobacillus plantarum NR74 3
Enterococcus faecium 4 Lactobacillus reuteri 6
Lactobacillus acidophilus 19 Lactobacillus rhamnosus 14
Lactobacillus acidophilus AD031 3 Lactobacillus rhamnosus BFE 5264 3
Lactobacillus casei 7 Lactobacillus rhamnosus GG 8
Lactobacillus curvatus HY7601 5 Lactococcus lactis BFE920 -
Lactobacillus gasserif BNR17 3 Saccharomyces cerevisiae -
Lactobacillus mucosae LM1 3 Streptococcus thermophilus 9
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PROBIOTICS MARKET, BY REGION (USD BILLION)
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ENarthAmerics W Eurcpe  ® Asia Pacfic WRoW

Source: Secondary Literature, Expert Interviews, and MarketsandMarkets Analysis

O3 4 22Y T2HI0|QEIA AR 2 20162023
(Markets and Markets, 2019)

I ZHO| QEIA AR R 2018 7]F 4949]
dej(ef 58Dt} 2023A7FA] AR TRH A4
&l 693 ete](f 22D E gl Hrgo|tH(14).
2 3JAFQ] Mordor Intelligence®] £-1| 3ZZ2H}O] Q.
Bl AP 20241 3714] o5 717H2019-2024) 52
B+t 6.3% 73t 1419 279t Hejof o5 Ao
2 o Alch F-2 2018 of| ofAJo} EfsEF A%
O] ZzHlo| QE| A ol o] LS AA|Th= SR
ojm, 2025\ 71A] #AY 809 DEfollA] 1509 Ej=
2712 Zo]2}al Lumina Intelligenceo| A | A}iTh
U Z2HFO| QE A ARS: G e e W
ATk AA A 1% mieko = ZA| sFkLe] vlsy
S HlER oAl AR ofgo] lrkal HThEL A
FOFERPA | WEH U ZEH[o| QEA A
A2 2011 40523 Lol A 20173 21749 ¥ o =2 6
Sl o] A3l 7t JAlolA= Z=HE
o] QE| A X7 A o] S/t Alo] A7|xt
e AST Aer B Qlrk
=224 7|}e s A ZeHpo| B - B
H 9 o]5 YAksto] Al5-5k= A= CHR. Hansen
Holdings A/S (glu}=1), Danone (3Z3}2), Nestle S.A.
(2912 59 9 3|Ake} Y] Yakult Honsha Co.
Ltd., Morinaga Milk, 1]=+2] E. I. DuPont de Nemours
7F Stk o] 3XEE FEAIEIANY] A4S de
W7HEE 22 ZRHo]| B AP i
= AAISIAL Qi) St o] e Ho| QB A A

L
O
RS

ofr

stat Aol 993 (2019)

S|Al2 = BioGaia AB (A9dD), Probi AB (29,
Nebraska Cultures Inc. (7]=%), Probiotics International
Ltd (F=) 5o ZAAQ 5 FHslal Z2Hfo|
QE2 A Ztofsiar qlot

U 7| P2 AHA| Z2Ho| QB A FE S
Shal Q= 7P e R = GH|F Lk, Guto] Q)
FHO| QAL AAE), ST o] slom I
Zoll= mlo]Z 2ol Fofo Ak ZEnHlo] 2 E
2 ot S FAIekAL Sl 71gEe] vEhaL

AcHe]FHle], 2019).
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5. TRH[O|QEA Hg

Uit 79 74, A gl 2] Ak B
ol Altel oAl el 24, ESEdLHE
A e, avtaao] Aite g Aoty SR, oiRet
o Ak Sl med F= AR I A A
45 71208 s AlEs THSE o] Hef

2K Wilkins?} Sequoia, 2017).

Z|oll= Z=upo| @B 20| TR 75
Bt AFE] AEe] o] FojR| AL St} 7k,
AL AL, AAEE, ddeEE BT Y
Hh Aol = ZgHlo] @ E 20| hgo] Friskal
o, 7 A7 AE oo A 178 AlE
, ISR o= S-85AL vk E3, AE
Z O 7 sRHLO| QEIA R AT Laciobacillus spp.
U Bifidobacterium spp. o= Bacillus, Enterococci,
Weissella spp 52 15 ¥4+t L Escherichia coli
Nissle 1917, Akkermansia muciniphila 5-2] 713 234,
Saccharomyces boulardii 5-2] AW %= X ZH[O]QEJA
2A 284S 'Sk Qlek SEAIRE AL muciniphila,
Faecalibacterium prausnitzii 5 A5f ZZ2H[O| QE|A &
HE S W FEES 09 717 43S AEol
QLat, ool chat F42at Qb %o o|2ojA|] gk

7| wizel] Z2Hpo] BN B71E W0l = AT

Jo o
foh 30 o O qo

HE

N
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Human
microbiota

Atherosclerosis

T3 5. QIA| oto|32Hto|Zat T4l Zlete] 2 2zt
(Wang 5, 2016)

3 371 % Alo] A F02 eI,

6. I 2H[O|Q EIAQ} Ofo|3 2H[O|L

oleidt Wake] Z7lel tlo]Hulelg AT
7h 2 gake s gk Ao LS ngE

10 o Vehicle
& Bifidobacterium bifidum ATT

Arthritis Score

0_ Lol T T T T T T T T
0 7 1421 28 31 35 38 42 75 49 52 53 63
The day after immunization

+p<0.05,

O3 6, FOEIAZES SEZHUA B bifidum ATT E0{0] 2

{%é

Incidence

3

+ 9 259 RAREE 5] nlolamHloly
(microbiome) 0 & A A1 Qli=t|, ufo]=ZH}o]
50| QAo A WStz A 90% o) A
o] k= Aol ¥re AL glom, I A8 wAYE
of A} ;gL Qlo] FF A mA|=A ] Aol
st 2= ar gl

R RE REEE R NELINES
H3} gl E41% (dysbiosis)©] A&} ATA7F QL
= o] ERI=EJHIHES). =, FA1a 2t
nfo] 2 Hjo] & H’Hé}ﬂ FAACRE 1(1)-9] a)gk 2}
17} Shiz el Wl W ool algel 28 )
Sk, ol ol-gte] el U}OliiH}Ol%—%
BAdRler Ao g SlmAA AS 2| 7okt 5t
+ o] EdstA A3YEar Qlok. o] ofe} 2
L 2| gHH-S uluato] @ ]l A (pharmabiotics) 2} A]
Astal Qlt}. wfapulo] @ €l A0 gl Ao A
Tk ofu et ks e "ol M, W, A, thA
SEE e, A9E 5 A4 Aaka B 9
b= 8- o9 Zu|5tHLuczynski 5, 2016).
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7. 9IoFE YR 2M LIH[O|QEA

ZzHo] @ Bl A0k kel Eof OO = B 7 A
T WAEFAA = APEAA R 7 =0 A
w2 Qlek 2011 1095 E A A= (G840
AR AAE Sk AR)E WAL Qs 64
ak fobe] A T AAR AN A A= Al
ofRt 2¢F woi7t g EAL Jler 1 Qo= v
ofof| sfigzich. AA thgtebe] SjokEr|Eel= &
Akt OJ9F= O & Enterococcus faecalis, Enterococcus
Jaecium,  Lactobacillus  acidophilus,  Lactobacillus
bifidus, Lactobacillus sporogenes, Bacillus subtilis,
Bacillus mesentericus Toa, Bacillus pobyfermenticus
NSP, Saccharomyces boulardii, Aspergillus oryzae
NK, Clostridium butyricum, Clostridium butyricum
MIYAIRI 588, Clostridium butyricum TO-A 59| &
A=l ek o5 T AH71EA =] Z2Hlo| 2 F
A8 AREo| 7VsSt W= E. faecalis, E. faecium, L.
acidophilus, L. bifidus 5214 o] o Lactobacillus
bifidust}= Y8342~ Bifidobacterium <] tgt 1960
o olde] ERAAR olF o5 AMgstaL 3
o}, 20141 g So| Wy §AE AR 7)E
T4 7N A oA o] & 7|ASHe] Lactobacillus
bifidusS- A ] 7| A ol Y= Bifidobacterium <
o2 AEFT S AlRSIATHAZ O oFE A,
2014). o5 ET = 201611 %= A15F2|FE 71
oA vz Akt AR FESRE 95 FAEH

g3 A9l 993 (2019)

H7 Z2HIO|QEA d S70A EXHEQl &0l Tt
FDAO|| XM|2t=! 7i&||= (Doron 2} Snydman, 2015)

Immunosuppressed anti-rejection medication after stem cell
or solid organ transplant, injectable
immunosuppressive drugs for
autoimmune disease, or
corticosteroids (greater than %2 mg
per kg body weight or prednisone or
its equivalent); chemotherapy or
radiation

Valve abnormality or replacement,
history of endocarditis

Structural heart disease

Inpatient
Pregnant

Potential for translocation
of probiotic across
bowel wall

Presence of an active bowel leak, acute
abdomen, active intestinal disease
including colitis, or significant bowel
dysfunction; presence of neutropenia
or anticipation of neutropenia after
chemotherapy; radiation therapy

Abbreviation: FDA, Food and Drug Administration.
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