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Abstract

The association of lactic acid bacteria in human health has been investigated from
early 1900s. The term of probiotics was defined in 1953 and various strains (Lacto-
bacillus, Bifidobacterium, Streptococcus etc) have been isolating with diverse beneficial
effects on human health. Over the century, the concept of traditional probiotics was
based on observation of natural properties to restore healthy condition within
different human ecosystems (intestine, skin etc) following by development of
processing optimization for the stability of bacteria. Nowadays, the aim of probiotics
for human health has been moving from gut stabilization towards expanded concept
of pharmabiotics like as controlling disease (e.g. obesity, immune system, psychiatric
stabilization etc). Along with the expansion, scientists and industry still remained to
investigate reliability of efficacy by consumption of probiotics. In recent, probiotics
and bacteriophage cocktails have been commercialized in the US market. The
cocktails consist of several probiotic strains with four phages targeting pathogenic
E. colii The phages induce reduction of population in F.coli and Clostridium
perfringens while prevalence of Eubacterium increased in a gut to 4 - 5 times prior
to consumption. Also, immunological stabilization was observed by consumption
‘probiotics with phage’. Now, the probiotic R&D is moving towards pharmabiotics,
and additional technologies in next-generation probiotics and prebiotics are actively
investigating worldwide.

Keywords

probiotics, prebiotics, synbiotics, pharmabiotics, bacteriophage

AN E
Probiotics®] FAR= 19079 Elie Metchnikoff7} ZAHlactic acid bacteria)o] Al 7730] o]
28 d5kS itk i aRE AAECY & 4 9tHAnukam and Reid, 2007; Mackowiak,
2013). o]% A}Fo|y f FollA fAkto] WAL, Werner Kollath(1953)0] olsff Ao
‘Probiotic 0|3t ©@of7} AR&o| EHithMartin and Langella, 2019). 110¥°] @+ probiotics A
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T2} oA TR HgRE GofEo] W E ] gtk o] Interna-
tional Scientific Association of Probiotics and Prebiotics
(ISAPP)Ol|Al= 20149 probiotics ¥ &015S Aet vt 9l
1, A& o7 Z4lelal Qlrt. ofF 7|9ko R g AR A
52 probioticsOlA] A probiotics(Next-Generation Pro-
biotics, NGP)& o}&stal i, & 773 =3k AtollA w4
78 4 AN S e o] &s| o] Fof A1
AUtk 2000 ©]F A% F29] probiotics ¥ 42 AtollA
QI7HEES AR uto]ZZHel3{commensal microbiome)
ALz, AFZQl HAHLactobacillus spp., Bifidobacterium
spp. etc) A9 AtollA thFdE 1Efdt Al it Clos-
tridium butyricum, Propionibacterium freudenreichii )
MR Aqed MES] tfsl, #79 & 4 7|59 o] &
Alo]| o]F0jz] 1 YK Collado et al, 2007; Liu et al, 2019).
9] " Ax AW Aiolu ARE HHOE sl
pharmabiotics £oF2 sl ckFig. 1).

F2 vlFoAE 20179 AHEZAIEE vh|2] QulR](Bacte-
riophage) Z| QA& (PreforPro®)0] 5EEl0] A5l pro-
biotics @2} 221 B AlFo] wpzlol 573t Febvre et
al, 2019; Gindin et al, 2019). o+ A 22 tHEES
Eol|xog AHZAIZ|A, probiotics #F2] HAHA2H(coloni-
zation) @ HYHRS-S 73519 probiotics A&/ 7HA1sk,
A o 4 A 85 AR AEE HEtRleE Fx
dby Qlt}h wiAlY] Pharmabiotics®] S4olgka & 4 ok &
FAollA= probiotics AT7IES] HRFT} ofw] ARRE A2
R&D % A& EdE0] tief gokstal, 3k ALY] HigHdel thgt
A stz gk

22

Probiotics?| H2o| X 5igt
Probiotics= 2001d FAO/WHO® s Aejd H} 9ot

SYNBIOTICS

PROBIOTICS

e.g.
GMO

PREBIOTICS

eg. =
Non-digestible fiber :
Oligosaccharide

BIOGENICS

Commensal bacteria

cter iophage (?)

Postbiotics
Paraprobiotics

Probioceuticals

Fig 1. Summarized category and direction for probiotics & prebiotics. Traditional pro-/pre-biotics are moving toward next-generation pro-/
pre-biotics while the efficacy of products is going to pharmabiotics from traditional synbiotics. This diagram is modified from previous

(Martin et al., 2019).
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20149 ISAPPY] 9J8] “Live microorganisms that, when
administered in adequate amounts, confer a health benefit
on the host"2kl 4= 3]t} Probiotics H9k= probiotics
+ prebiotics Z4Z}9] QI+ Hofe} o] F3Igt synbiotics 7Hd 2]
FTHRIE T4 AT ¢ AESPF A= et Probiotics
£ Z84 probioticsg SHOE AFEIL Y=, o] PBESS
HRAE, EH, B4 5ol E2E r8EEE v Food and
Drug Administration(FDA)9] GRAS(Generally Recognized
as Safe) 5% 5, 9 European Food Safety Authority
(EFSA)9] QPS(Qualified Presumption of Safety) 5% w5, §t
= A12FA A 5ol HAIE O] Sl olE EFojA sk
UREE9] generax Lactobacillus, Bifidobacterium, Bacillus,
E. coli, Saccharomyces, Fnterococcus 5°] AtHGeorge Kerry
et al, 2018). S22l probiotics A= W AHIF L1 P&
53 7o) HlwA & AtE|o] Qlo], thefdt AT MEo|
Al 7158 0E APHSKE 5 27|% obd AlERt 7hssith
E£3] GRAS, QPS 59 ?15°] H #FE& ok 47lA % 55
A7} 2Este] @717 AT 7Rs et Boket R3S vl 9l
o}, SHARE AlEE ApEeP} o], AnRlo] wet v ae o
ol a5l gt A A ol Hal Qi

Prebiotics2| 9| X sigt

Prebiotics®] e+ 20179 ISAPPOIA “A substrate that is
selectively utilized by host/commensal microorganisms
conferring a health benefit’2 #2J5}it}t 1950\t 250
Al Bifidobacterium®) ’3%& B+ A5 24 EWA prebio-
tics®] 7S HH=AL HFEAQ! prebioticse fructo-oli-
gosaccharides(FOS), galacto-oligosaccharides(GOS), trans-
galacto-oligosaccharides(TOS) 5 92 & 4= Ut} Prebiotics
9] 7152 AHA O = olF o]8T & Q= AU R+ A=
A, et Qg Ea F AKRER QI 33t 52 7Y
o 4 Qitk

dlE E°l, Bifidobacterium longum subsp. infantis= oligo-
saccharide® bindingdlal, A& QFo & EQ] W o] &g 4= Q=
TS AT 4= 9loH, olE Aol &8 & U= tHEAY
nEZ 4#A AtKGarrido er al, 2011).

ESE A o= 99 oligosaccharide WHaA] ThHR|EFAL
(short-chain fatty acids)°] A==t acetic acid, butyric
acid, propionic acid 5°] tj#Zolc}. o]&2 A HIAEI]
it MY OPYSKT-helper2, macrophage, dendritic cell §)

G
\\'K,sw" .

52 Feohar 984 tiDavani-Davari et al, 2019).

Synbiotics(Symbiotics)2| Ho| L Sigt

Probiotics®}t prebioticsE SFC=E AMSl= 2 synbiotics
EE symbioticskil 31}, Synbiotics?t symbioticsE $F &
45to] ARGl AFHZ Q] QujZut HWH synbioticss pre-
biotics?} probioticsg§ o= A2 2n[skl, symbioticse=
probiotics®t prebioticsE &5}t HYEC] 0|2 FIE H
o= AEE ulgit}. Gibson(1995) - synbiotics/symbio-

tics® “Mixtures of probiotics and prebiotics that bene-

ficially affect the host by improving the survival and
implantation of live microbial dietary supplements in the
gastrointestinal tract, by selectively stimulating the growth
and/or by activating the metabolism of one or a limited
number of health-promoting bacteria, thus improving
host welfare”2 It tHGibson and Roberfroid, 1995).
Synbiotics= A WAIE] Qi u]AYEE F prebioticsE o&
o 5 e TREES] e SAPIAY el A X
Al711L, -2t probiotics W5 WA SETCEH A9 F7
U HYS 2 7)E E /K] 858 1% 7|gEk 4 9tk J8=
=, probiotics?] FBA| 7ol prebioticsE EYTH synbio-

tics AlEE0] Wol| SA=1L Ut

NGP % Next-Generation Prebiotics(NGPre) $ig
oFA|et, AE2Q1 probiotics, prebiotics @ o1& &3t syn-
biotics@7 E#Er} #alskar Qlck. NGPLF A7HEQ] next-
generation prebiotics(NGPre)7} 5431 AW& avzoz
¥ 4= Y= pharmabiotics®] FEZ F20]1L Q= Aol
Shanahan (2009} pharmabiotics& “Bacterial cells of
human origin, or their products, with a proven pharma-
cological role in health or disease’® Z2Jslal it 7]=9]
probiotics7} Aot EHoA GRASHIBEES Eelota, 1
% e SN Bs0] T nBES SE3HH, NGP
= Al 7iAI7ES] nABETS metagenomic S48 B3 B]mE
Motal, B4 @4E Hole 7AW ddidos SRSt nidE
(GRAS ¥ 7]e} #5)< /dsls o= gl vlo]3=Ht
ol AEokollA Y= Y= 7WAE/IFE metagenome
4 5°] NGPY| tiEAQl 7 wo] =1L Qlct

X u]=+ FDAYA+= Live Biotherapeutic Products(LBP)2h=
|05 AR837] AIFAL, “A biological product that contains
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live organisms; is applicable to the prevention, treatment
or cure of a disease or condition of human beings; and
is not a vaccine."21 A5t ek Yukd o2 NGPE LBP
£ 3%t 8 opjet, R nE, AR vAE(commensal
bacteria) ¥ 7|t RAEE Zdol= FHY 7fgoltiMartin
and Langella, 2019). t#ZQ v|AE d2= Akkermansia
muciniphilaCani and de Vos, 2017), Faecalibacterium
prausnitziiMartin et al, 2018), Bacteroides fragilisWang
et al., 2017), Enterococcus mundtiiGrau et al, 2017) 5&
£ F 9t olF WAESS HYol4 P+ 59 F5o] =8
TR Hlo] A ZHolE FopollA] B2 ekAEo] A+tstal it
(Langella er al, 2019). o €°1, Akkermansia municiphila
= 2004¥ AL AFHEEJOH(Derrien er al, 2004; de
Vos, 2017), HI9, G, B9 FY3} 5o &50] Q= 452 B
%31 QtCani and de Vos, 2017; Derrien et al, 2017;
Everard et al, 2013).

NGPret 801 publish ¥ H} glor}, 2 u]=oA prebio-
tics®] 7HE 2= bacteriophage’} S=E 1, o= XA pre-
biotics® & 4= JtHFebvre er al, 2019; Gindin et al, 2019).
Bacteriophage= 1930 H#E SR (&Alo}, Ao}, EHT)
oH= SAF A 580 = Aol HIL 911, 20069FE Hl=ofA]
= AR7HER 5580 H9leH, 201095 F=rolA= YA
£ dAlsH] 93t ARRTHIZ SSE B Al S
aifstAY X7 EHoE 5Eo| Ho| AREEY glom=g
prebiotics@h= 7igo] th2L}. I18of| = E551aL bacteriophage
9] Aol A SEE YRS AFESHL, 0|22 nYEEC] T
SH & A 5 JET o= /S 28519 prebiotics®
S50 Ht}. 2a<t WA rES] S-S v 54 9rlY
prebiotics T, oJAlE AH S22 vYEY FE & I
W AEieHy 24 AlAstal, At o= o|2L nlEe] A%
7137} 2713 4= QJEE k= 5=4 prebiotics7t @ A& 7]
i}, I8 5461l o4 bacteriophage®] prebiotics &
o ofFo] gt =L UZ ACE AlEHTh

Pharmabiotics?| H2| U sig

Pharmabiotics= &Y =3k6k= 2] oFd bacteriocin,
bacteriophage, bioactive molecules< X35kl Qltt. Phar-
mabioticsOl] Eshel= tJ#2]9] HolE B postbiotics, para-
probiotics, probioceuticals(probiotaceuticals) 5°] Ut}

Postbioticst= “Non-viable bacterial products or metapolic
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products from microorganisms that have biologic activity
in the host’(Patel and Denning, 2013)& A2)=1l Qlt}. A&
9, AolA v TRof o) A== butyrate®t 22 &
A HHAKshort-chain fatty acid)e] Ut} Butyrates= AH2-&
2735t otal, §HIt ARohet B = BAE gEA 3
t{Canani et al, 2011). ® ©& 9\ Lactobacillus rham-
nosus GGato| A/dok= HEA(M0539)0] 4 A 2E QY
SFste] LPS E= TNF-¢oll 7103 ol SRES delae
371 BEuE vf It Gao et al, 2019).

Parabioticse ghost = E2H43} probiotics® &&)7]% 5}

H, “Non-viable microbial cells(either intact or broken) or

crude cell extracts which when administered(either orally
or topically) in adequate amounts, confer a benefit on the
human or animal consumer’(Taverniti and Guglielmett,
2012 A= Qiok A AZE F9 fiktS B2
(heat-killed probiotics)g ¥ & S84 Ee= AR AMS-
Sl= AIEE©] parabiotics®] £ dlgt & 4 JrH(Patel and
Denning, 2013; Piqué er al, 2019). ©] 7<%, n]RPE9] A
(stability) Z2lotaA] WS 7o 2 fAlsto] 9
oA HAZES T = e AW 2 Utk
Probioceuticals(probiotaceuticals)x= “Probiotics derived
factors’E Qu|stH, A& 0] gram positive TAES] A
A= Lactobacillus lactis 22 nisin, BIAZoU 7]EF 7
PR E(yeast, molds, protozoa, viruses)2] AL Wilh=
Lactobacillus reuteri %29 reuterin 5= 92 & 4 Ut
(Talarico and Dobrogosz, 1989).

Pharmabiotics2| &=2t

20174¢ ul=olAE= 47109] £ coli phage(LHO1-Myoviridae,
LL5-Siphoviridae, T4D-Myoviridae, LL12-Myoviridae)g& &
ARE prebioticsAlEo] SR ©] 47119] Phage ZHH| %2 -+t
A(lytic) phageZ BRIFICH, £ coli K12, 1670 B=4A £
colfenterotoxigenic), 2719 €84 £ colilenterohemor-
rhagic)s Z3T oS APdohs 84 AHER-S 217 Qo
(Gindin et 4/, 2019). Bacteriophage Zt&|¥< oJ8] probio-
ticsAlE=T 5 ARESE 23}, 29 probiotics T AR
v A2 7|diohs AHety ol aapt B Ry A
& gt bl QlcKFloraphage™, 2014).

Bacteriophage?] 41%&24-8-2 20064 v|=- FDACA AEH7+=
B2 SUsHHA A= 585 bacteriophage:= Listeria
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monocytogenese EFSK= Listeria phageZA] ready-to-eat
meat & poultry?] 7F5 & 24 A A FHO| EFoks AEH
7122 525t Moye et al, 2018). o] & 1049 &= &
+ phage Z€|¥o| U]= FDAZYE GRAS 52 W1 A& A
o} H-8o] 7FsfiFrHTable 1).

Al H7IA2AS] A8 20109 FH=ollA A0 Salmonella
Gallinarum bacteriophage”’l 5&%HA] 5]-&0] FH3It}. 2011
| S At ARSEE A HH ARE FA7F AP EEA
TRAE AT HAEE ARl EQiH. EA7IA] F 5F bac-
teriophage”} A7 1B (ERAESY] M)l 54 ArHSal-
monella Gallinatum phage, Sa/monel/a Typhimurium phage,
Salmonella Enteritidis phage, Clostridium phage, E. coli
phage). °]¥% bacteriophages 455w olU 715 A9 Al
< A4 BAsto] A A op7] ol 55501 o, pre-
biotics 7fde EY3H 4= Aotk

A7) bacteriophage ZHE| Y (PreforPro®- 43H(A% 18-654)
o4} 289 B9 B-8A19(10° pfu/dose)S AAIFHE o, Phyla-l
evelo|A19] Wal= AR otont, IAIAAY] 71%7t g+t
o] ZHAEYAY, AZFE olotE IHRILIF TAIFAF 47%
a4 =91, o= tidt 84 lipopolysaccharides(LPS) endo-
toxin®] & £°] inflammation?] 7|38 W= A FRI6IS

tHGindin er al, 2019). EZ, butyrate AAF ISR Fu-

fcmma’
H

bacteria + AFIFET 4-5819] F7PF #E =HYh EF
cytokine AE 5 IL-47} §9)2 02 A= (69.48 pg/mL
— 59.83 pg/ml) °l= °FE¥ 52| Th2 BH3olA Wol| A==
ZAoE AHA Utk A7) AR Fh= ofE] 5 IR HY
HES-S QPSE Al &= Q1 A 0= et Febvre et al, 2019).
*A}7] bacteriophage®} 7 AR&5l= probiotics®] &0l w=t
7|dioks 3k= theFokA YERHH, probiotics ©Y E-80f 1|5
AU BREE dF9 = HFEE oF 244(F-E probiotics
AFel w2t oF 3ul-50u] 7 7RI Haska Sl
(Floraphage™, 2014). @A v]= Tj=l= “probiotics with
phage” A& 571 FAI01H, A A-&E]= probioticset =
Lactobacillus spp., Bifidobacterium spp., Bacillus spp.,
Streptococcus sp. 5°| F2 ARSIl QltiTable 2). Probio-
tics w52 thekslo] wet bacteriophags prebiotics/HH o2
Hgoto] 11 552 73Blele ARl A 571 2 0= ol

4

/90wq 0

28
) nlo] A2}l L A7} Z7FeFHA] probiotics@He] TR O]
EES 497 itk [SAPPo] w2, vlo]AZHPol5-2 NGP
o] WZo] 23kejn], A=A probiotics #5-2] H7F A0S
= el 7/fgog & = 9l £3] probiotics?] 71540l A&

Table 1. Bacteriophages have been approved by FDA (US) for Generally Recognized as Safe (GRAS) substances

GRN number  Year Target Product’'s content (Phage) Notifier

198 2006 L. monocytogenes P100 EBI Food Safety (Micreos)
218 2007 L. monocytogenes P100 EBI Food Safety (Micreos)
435 2013 Salmonella Six-phage cocktail Intralytix

468 2013 Salmonella FO1a and S16 Micreos

528 2014 L. monocytogenes Six-phage cocktail Intralytix

603 2016 Salmonella BP-63 and BP-42 Phagelux

672 2017 Shigella Five-phage cocktail Intralytix

724 2018 Shiga toxin-producing E. coli Six-phage cocktail FINK TEC GmbH
752 2018 Salmonella BP-63 and LVR16-A Phagelux

757 2018 E. coli 0157:H7 Two-phage cocktail Micreos

827 2019 E. coli three-phage cocktail OmniLytics

834 2019 Shiga toxin-producing E. coli 3-8 phage cocktail Intralytix

GRN: GRAS notice.
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Table 2. The examples of commercialized product of “probiotics with phage” and their compositions
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Product name

Composition

Function

Amount per serving

Phage complete

Probiotics complex
Lactobacillus plantarum
Bacillus subtilis CE111
Lactobacillus rhamnosus
Bifidobacterium longum
Bifidobacterium bifidum

PreforPro®
LHO1-Myoviridae
LL5-Siphoviridae
T4D-Myoviridae
LL12-Myoviridae

Probiotics

Prebiotics

7.5 Billion CFU

10% PFU/15mg

Florassist Gl

Properietary probiotic blend
Lactobacillus acidophilus La-14
Lactobacillus paracasei Lpc-37
Bifidobacterium lactis BI-04
Lactobacillus rhamnosus Lr-32
Bifidobacterium bifidum Bb-02
Bifidobacterium longum BB536

TetraPhage blend
LHO1-Myoviridae
LL5-Siphoviridae
T4D-Myoviridae
LL12-Myoviridae

Probiotics

Prebiotics

15 Billion CFU

10® PFU/15mg

ZenBiotic
(Mood boosting)

Nutraglora(Fructooligosaccharide)

Inulin

Preprietary probiotics blend
Bacillus coagulans Lactospore®
Lactobacillus rhamnosus Lr-32
Lactobacillus brevis Lbr-35
Lactobacillus plantarum Lp-115
Bacillus subtilis DE111®
Bifidobacterium animalis lactis VK2

PreforPro®
LHO1-Myoviridae
LL5-Siphoviridae
T4D-Myoviridae
LL12-Myoviridae

Prebiotics
Prebiotics
Probiotics

Prebiotics

200 mg
200 mg
5 Billion CFU

10% PFU/15mg

Probiophage DF

PrePhage™

Proprietary probiotic blend
Bifidobacterium bifidum
Lactobacillus acidophilus
Bifidobacterium longum
Lactobacillus ahamnosus
Bifidobacterium breve
Lactobacillus casei
Streptococcus thermophilus

Prebiotics
Probiotics

10% PFU/15mg
5 Billion CFU

14 | https://doi.org/10.35732/ctlabp.2020.6.1.9
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H1 Y, EAE FA BT S Sk pharmabiotics
2 Z1gkskar QlojA ulEE ofe}, bacteriophage, endolysin
(phage”t U]A8E membranes si2[d o Ak&ol= 4, T4
AP 50 A & synbiotics A7} BLE S A Ao
A&Hc}. £3] bacteriophaget= BZlsk= W& thet APE
712o] Hil-$- TRt Hio|2{ A HAEE, nlo|A=2HolE ]
w2l et npdEe] Aol HH olE A A7 & 4= Q= HiE-
TRl 2471 2 A 0& oyt o, v=olk= FDAW GRAS
554 phage”t o] Al 559 do|=r} &4 o, =9
B MR (EESARER ©9) o Aol gorgor:
SE(AFYFEIEA EF) Eof UA| ot At 5579 ofFHR
o] d&Htt SHAY AFAE BE HIFEALYL A NGP %2
NGPreE i3t 28317 913t A+, &8 % 55 5ol sl

7 aisfor g wolct.

)
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