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for the Development of Health Functional Food Product
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Abstract

Probiotics have been shown to health benefit through their role in improving the
health of our body. They are commonly incorporated into a variety of functional foods
or drug formulations. However, technical limitations such as viability controls have
hindered their full potential applications for functional foods. Therefore, non-viable
bacteria and/or derived biomolecules, namely postbiotics can be used for overcoming
this limitation. The postbiotics are the inanimate microbial cells of probiotics or cell
components such as peptidoglycans, teichoic acids, and exopolysaccharides. The
various beneficial properties of postbiotics include anti-inflammatory, gut barrier
property, antimicrobial, immunomodulatory, antihypertensive, hypocholesterolemia
and antioxidant. These benefits suggest the potentiality of postbiotics to enhance
the host health by ameliorating or preventing the disease conditions. However, there
is still a high need for human/clinical trials focusing on the validation of health claims
of these bioactive molecules or cells. Here, the concepts and various applications of
postbiotics for the development of functional foods or drugs with their potential
health benefits are summarized and discussed.
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z2ubo] @ ¥ A(probiotics)= 2001d FAI A4 5 Y7 ]7HFood and Agriculture Organization
of the United Nations, FAO)2} MAEA7]7HWorld Health Organization, WHO)oll 9J8} ‘&A=
= AFFS W 79 A0l =8-S = Aot Ue TE & JHATHFAO/WHO, 2002). 3
T2 A= B9 Z2Hpo|QE AL QI mlo]g&EHlo]Ea 712 ATIo] Q= AR UTAHA,
P s W7l REARAY 715 tef 52 Bl ltkSanders et al, 2018).
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A7 ISAE JHLE U5t ZAEHO|QEAS] JiH1} &g

Q17F mlo]AZHo] 32 QA2 FAYSk= rlE AEAE 2vlst
+ A0E, 200790l v= FHEAANIH)NA Fento]L=2H}
1 Z2AE(human microbiome project, HMP)7} 514
| 2AZ0E AE Ik EA7IA] 87t Hol Hie T A =
o] S EHA|, ulo]AZHolga} TEHO|QEAL] ¢iyt/do]
ZA8] A2 itk Z7100= Q1A mle]aErtolgo] T &
W 48} 7|52 Fe 9= ARG I, F o= o7
AA| Ao QA A1, Ar] X|gof -
71| |27t
D2HPO|QEAY] HH = nlo|ARHolg 2E7]|5S B9l 4%
12 B2 A tESHirritable bowel syndrome, IBS),
=4 ZAdsKinflammatory bowel disease, IBD) 5 o] 2t
o] iAol =32 11, 794 Aol foiMltY A 7=
Sk 2102 ATA Slrh A HIAARE FRIA[A ofEd],
Tt A 59 HYASoE §50] ZAoE YA ok
(Maurya et al, 2014).
Flot 22 o= HAAH o E ZEHlo| QEIA A2 HiEA A
7okl Qltk. oM E Ft 37t 8 A7 154E Y=
015 Hi, TEHP|QEA AR tE 77 |64A1E A4S0
HsiA & A olof7kal k. 20204 71, =4 4714
FUiHE 8,856 HoE HW(7,4159 ¥) thH] 20% 71=F 7t
SIACHI= A7 5A1EE 3], 2020). A = A]9FA 7lojl==
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g4 ARE AnEH WAk 24, o A A% 54,
7] g A% R, AA Ao HE 7)5Eolth ZRHo|
gA9] 7lsAol A A2 £ vkt 4% 7 850=
=3 QIehAIEeEURE 2021).

A7V s EEoR 34 Aol ZajHto] Bl A (prebiotics),
AlH}o] @ Bl A(synbiotics), EAEHRF]QEA(postbiotics)ol T3l
M= B T4E Bow St} Zejuo] @ E|A(prebiotics)s &
9] nE FollA A0l =22 = FHel osf) AEzos
olgEE Y E AHet, AR Hol7t He AloldRet
28|ugo] ti#Z9] ofjojc}, AlHlo] Q€ A(synbioticsh= 0] &
Hpo| Q EJAL} mejHlo] QE|AYL 91 ZHE0] Q= FEIE Wt
tHPandey er al, 2015). o|df T=o] 23] Fej7} opel,
9] 7ol et A= v A2 B9l Free]
AU A2 tiAEEe] Ao = wlo|gZHbolg-S A=
7= SRRt

St L FEEY Q= EAEHMP]QE| A(postbiotics)= E&E
Hpo| QEJAT} AAbel= R-83 tiARRE nBESY] 8RS
Hol= AAjo|thFig. 1). =A| ZEH[O|QEA - IejHlo| QEIA
F3|(ISAPP)= T Hlo]A F4 =FolA ZAEH|QEAS
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Fig. 1. O}0|32HI0|2 SO0}0|A TZHIO|QEIA, TZ|HIO|QE/A IAEHIO|QE/A N (Cunningham et al., 2021).
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et al, 2021).
EAEHP|QEAL 7|E DRHP|QEA A7t ZH= FHA
(safety), 71%5/3(function), QF3/J(stability)?] THAE S5 4
U= M= et A2 FEET Qi) 9] ZEHo|QEIAS
ARte} A2fsle], £ tiAEE L] EE FHIE AlREHA 9170l
71& AR 7Hg, 2, 78, AR 8ol el A
(Ouwehand er a/, 2000). WEHA, ETANTEA ABAHEL B
T IgollA WAok= olElE= AT &= Utk ZEH|QEAT}
Zte FAREo] f2E= HYE Aot A dfol, kolso] &
o FHskA HHE 4 Adtks o] AUtHDeshpande et al,
2018). SHH, 7|& mZulo|QElAY} ZH= tlofst Asl /A 8%
S5 FAEE ACoR o7 A ZuEo] oS itk
(Kataria er al,, 2009). O] FHEZ EAEHP|QHAS 38
e A7 SAEEC] FE YU FEHE SAIE A o= AfH
& =roie ZAEHP|QEIA gt H9|, FF, &5 Hist
of Astal, A77164% NES 215k 8of disf drgstazt
El= s
=g =2
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o] L gHlo] ElA(probiotics)7} Ao Ex= 2]
1 22 ZEjHlo] Q8 A(prebiotics)§ FFELE 0]§5to]
3735t tiapabEo|Y A2 ApA 2] g o] 23 ARE Qv
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sk

EAEol gL Zavlolos gt AR 5 21 910
u, g meeol o8 njgBol sk AR 53 i

3715782 85 4= itk =A| ZEHO|QEA - Tejujo]QEIA
FS|ISAPP)7} F HHSH =FolA= “Preparation of inanimate
microorgansms and/or their components that confers a
health benefit on the host’ k! AlstHtKSalminen et al,
2021). o] “39jo]| o5t mlgEe] AYdoks thAE ARyt ofz,
TE T A= Zidshs 2 0E 7|esiyith

AA| AREsEE fAREel gt R4 7id2 ofn] Qe HEE of

271 ol 1K A&} ek, 71, “parabiotics, ‘para-
psychobiotics’, ‘ghost probiotics’, ‘metabiotics’, ‘tyndalized

probiotics’, ‘heat-killed probiotics’, ‘bacterial lysates’ 5]
EA Q1 FA ‘9“01501‘:]' o5 -gofEo] ek Bt MEn &
& ofFof| tisfirl= 55 At B 7]EEol Qs FAIH R
g Ao oiddrt.

ZAEHO|QEAS ERQ &5

FEAEHO|QEAE T EHo| Q Bl A0 OJsfjA] AJE]= tedt o
AEAES ISkt E5] TafR[HAKshort-chain fatty acids),
FatHElo| E(antimicrobial peptide), BIEFR], &4, MEcid

5, AR 5ol tiEAoltkFig. 2). olF Fikt tAEEY]

KL

Ot

@ Oo Cellular wall fragments
@ 9
Egzopolisaccharides \
o
Postbiotics
"\
. Y m
i O Lo
Enzymes v o Q Bacterial lysates
SCFA, vitamins, phenols
o Q
Fig. 2. ZAEHIO|QEIAQ| CIOk5t Z2(Z6tkiewicz et al., 2020).
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A W B52 et ol Basof it

A4 (Short-chain fatty acids): 2jo]4d-¢ A3A] A
Fow=o] Eaficto] ATt 2 AkE AHAHGAN PITkY] ghas
Ao, A JuAaLo] £ oA Yo R AREEL, A g
A& A2 e feldEo] & SIS Rol= Vs
< 3HKSanna et al, 2019). Z4Hlactic acid), ZAHacetic
acid), 914Kphosphoric acid), 024K fumaric acid), 7+
AHcitric acid), AR Kmalic acid), HE|2AHbutyric acid),
7feliHformic acid), Z=2324Kpropionic acid), 7FLZA
(caprylic acid) 5°| l#49] do]c}.

g ¥Ele]|= (Antimicrobial peptides): EHE O & FARES
ohFet P=ES Aot Hedutolu HultZ IAlsk= 71
S 7 Qltt. A9l =401 B 2] @ Al(bacteriocin)
< Fabkto] AAske el EE Wido] A, Rt 43

= AR ofg A1E0] A HEAR E8o] 7h5st. of
HAQl A&, Lactococcus lactis?l 3 A== Nisine ol=
FDAOIA 3171 BAZ C difficile T+ 22 G342 2AIGHT
ol FYHHEo|EE AF HEAY Yurt HY, YA Wt
oy 827199 X gA|2: -8FHDelves-Broughton et
al, 1996).

o

H[EH (Vitamins): HIEFIIS vjFo 2 SAAR} A2z =
ol Sa5H Tolst: F7ItER, thi Aulold 23
TEA ZotER R AFHE BA BT 1y Aol
H371s3 vlENIH(vitamin A, D, E 5)3 €8] 44 vep
Hfolic acid-89, cobalamin-B12, riboflavin-82 )<
oPEo|L LEHlo] QEIA 5] OfsfiA] o] ALfjollA
FA 0 R gk AAR Aol sk nEES TS
2 FAAE 243 A3, 8719 HIER B biotin, cobalamin,
folate, niacin, pantothenate, pyridoxine, riboflavin, thia-
min)°ll tet A RS 2= ol v EA 6kt Mag-
nusdottir er al, 2015). E3F ¥ AN Soll= 2EE]
Aol D ast FAZNribA, ribB, ribG, ribH) 5 A W
of BRolal Y= ALE FRIFUHThakur er al, 2016).

A=t (Exopolysaccharides): m]AEo] AAlsh= tid
7Y 57 5 Al Qo] Hd FHiE EAote AlZQoEdH
(exopolysaccharides, EPS}= MEH Fo] FAd== @9t
(capsule)olut, AlEEH oo ZAEl= HA(slime) 5= X
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etk EPSE 1224 B4 = Qs teftt £4<& AUl i,
vt 0 2 7E HA 89t & e FRE 7L Qlo] ARl
7B7t Eo @A 2454 &, f3HA, SAAL A2 s
2ol AE, s, et RopllA FHsHA L8ET ot
(Andhare et al, 2014). f-Akto] AAlsl= EPSE ol-8sto] A
25 QAEA HEE #ol, "t 22 AEY A2 =
Q1 Ao] A<l Alglo|eizs=d 5, 2005). &5 ofyz}, {4
o] ABAksl= EPS7F AR, SE|AHE Aot HYRHZ
£ 59 et 852 HQl A2 3E B0 ltiLabeer
et al., 2011).

-

ol

i

(Enzyme) : f4kto] A/doks Sae AWollA Astet 4
AERY BeES Boigte s AR HHE ko
ot ey 249 BeigA 2RIEE WA 4= 9l
71so] Ut EAQI A=, vigA| 7l a i (glycoside
hydrolases), TFgA| Eal@4(polysaccharide lyases) 5°]
Utk I o& fARNF Alaze] EAfsls Tido] Y, ==
4 52 59 71590 Holskes Aoz ¥ vb QtKumar
et al., 2009).

2

fr K

A ZB3E(Cell wall component): FANF A|E8 R0z
El=Z 27 peptidoglycan), A& @ A(lipoprotein), E|°]
F4HKteichoic acid) 501 Sh=dl, ol 2] ABAUlA ot
&t FA75S ST fARIA FET HE 2ol
HA2EAE, FE 82 oh= 20 Hud vl }lcKshida
et al. 2009). Lactobacillus paracasei D3-59] AtAOA £
23t Hlo]FARS IAY HoloER Red tASTE T
oflA A B dfotl, 25 A THE PR A=
BEAHWang er al, 2020).

Ll 00|35 2HI0IZ0IM EAEHIO|QEIAL J|5

ExEvlo] Q0] B ofulieAl, et Heol=, T At
2 A 9olzo] 34 4 §3kES OIS BS Ushie, 5
5] et Aol B Ao A ole, Ao} 9l Feh
ou}7] o] muto] Q|0 Tre) Skt Y] YL W
A) 91 71 olgatel i oS AN, e ot
L gL Btk greE B A9, Mt mavlol e A4
ol Buoz GY=E WEZO SiFe] U, AR N
A9 B2go] A9 Gl AR HUHY: mehd, EAEHo|
QEAL 2o} 9 30| o] ZeAt vejo] ok TS

gk ok

L

Curr. Top. Lact. Acid Bact. Probiotics 2021;7(1):14-22 | 17



A Akgo] 7Fs8HDeshpande er al, 2018). o]d ZHog
73716215 Qo] EE T &8 &tk ZAE
Hho| Q EA] A mo]FEHlol g R &30t A A
g0 7IRIRIE. &, AT ARtAlE RAEE A, 55
Alzete] A Mg 58 U Tt WY vk fdoto
AU ulo]aZHlolZo JkE mFth

AA| AR, ARSI L casel d 52 WACE in vitro Y
2794 macrophage”t ©9 BFS-& B33, BF cytokinet
Toll-like receptor (TLR-2, TLR-3, TLR-4)9] ¥ S7HA71
AT B} QeHWang er al, 2013). A AF3FE Bifido-
bacterium 7t AFE A TAIA FEgE AAI oA
[L-8 #HIE Ao =N ¥y, Fd5 2eZ 4ol 4nc
BE 9t Imaoka et al, 2008). Bifidobacterium breve
C503} Streprococcus thermophilus 0659 {8 B2 A9
3t A}, dendritic A29] BET} &S ZTVAAL, 1L-10 A
AR FEotoinh AR A vRA AgloflA Alxrgd S Zstst
1, Thl ¥-8-2 Z7MFHHMenard er al, 2005). NZIchdH
(EPYE FAYS, T4} SHAHE Astsol S5= HA, L
plantarum 70810 12 EPSE HepG-2, BGC-823, HT-29 &
O] FAEE Asfch= A& BATHWang er al, 2014). o]t
AtA] 2 AR gk AA] 352 A AEAIES B 5
71AR1 Aol " gsit}. Tt ZAEH|QEIA thSl in vitro
AdI FEAFL HA S7lekaL AT, AR AA| HEAH A
g= Adidos WA gk Aot

EAEH0|QEIAC| OIF| Hgt M &5
ExErlo| Q8 AL neslol oF A%t tpibR AN e

ZAEHO|REA 7|5

Lipid/Cholesterol
EELN

SHALS} XHE

L= =

Oxidative stress

oy
0%
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iz
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>

24, AR, A 9 SYAHE oA, FAEE AL 5ol JF
S ujXE Aoz dHA JckMantziari et al, 2020). G 715
= 7

AAAY] 7152 2EFoEN HAZ 73t
92 JAol7 | Fhct. AlEQITEF{EPS)
9] 3t T2 B-FFXEE AN HHY Dectin-1 8A412H 4
3 Z-gsto] die|gjof, vpolz|A, 71485 W Ao thgk Al
HY W2 P T3 A Ao gt f4kte] Faks
E2go2H m2nfo]QgA F50] A JFE vHt
(Oerlemans er al, 2020). Cyclophosphamide® =¥ HY
A5l upQAE dRIO R [, plantarum nF12] ARHAIE Foigt 2
7}, o7 WHRAHE(L-12, TNF-a, [FN-7)E S7H1712, Z
AASHAIZ(NK cel)2F tHAAZE S/ststo] HY7152 SXIA|
71 Ao 2 FIEYTHChoi er al, 2018; Moon et al, 2019).
Abtsh 54 ARFOR ofu] AFSHE OM-85 BV Eel27]4 H]
do ¥l E £0|1, ofEY] /4 WEYS] F4 AM7|= AL
2 BuEQich 3 ofglo|9] Ay ¢ HA] A3t Wk E Eol=
gz 337} lLo] B = QciKoatz er al, 2016).

i

EELy Zet M
CDI #9%(Clostridioides difficile infection)< AW H44
ARl C difficiledl 23t 7R/ Hdtolt}. BE HE, AAt Y
=
[e)

drgo] SR, PRt FA AR T oM Tk AT

a4gd g

Fig. 3. ZAEHIO|QEIAC| MA|LY 7|STt R3H M S5 (Zokiewicz et al., 2020).

18 | https://doi.org/10.35732/ctlabp.2021.7.1.14



UYISAE JHES fg ZAEHIO|QEAS Tt 28

< ot S YFY 4= ok CDI B85 A=E Fsh
2 QI /433 WS A A
sto] =2 CDI A&7]|&9] 7fido] 8151 k. ZAEH|Q
A7} 3ok oot Z2Hlo] @ gAY} CDIY A58} ool o
8 A= v} Qe Lactobacillus casei, L. bulgaricus H
Saccharomyces cerevisiaeg *JoAZ B85t 23}, FAAZ
oIgt AL} CDIE ¥sH7]E= 8% HAtKHickson er al,
2007). L. plantarum nF19] GA2] AFA|S] 852 AlHgH 23t
oot HkA7|a, 7hA WAYo R QIR BR EHRE
Shadi= 208 ZRIEIrKLee er al, 2019).
HX 2L 85
T A]9FAHSCFAs)Ql Propionate®t Butyrate:= THFtE 717
=3 2t 2K (gluconeogenesis) A9 WS G5}
I, ol Zied AT SA Al AAEE I
AR A7 B9t Han et al, 2018). E3E FEAHA
Acetate”’} E¥AY(thermogenesis)¥t Tsto] WHAZHFZZ]
(WAT)ZH 2222 (BAT)S] 2 S7HIZ A7 Bal=|9l
T Reynés et al, 2019)(Fig. 4).

| m{o

|

SHAHE M &5
Al S8 dRe] 25 A RlttdFHexopolysaccharides)= 2|
2HIE S5E Ao =A A1 tirjel] 3783l FEkS mIRl At
ANE BYeKKhalil et al, 2018). Lactobacillus kefiranofaciens
© 72X ¥ YA EPS(exopolysaccharides)?] Az SHAHE
= 2d Fo] @Y A5 At EF RIS FISAFL
o, SHAeEe] WS AAAT] AR SRIE|ITHCaggianiello
et al, 2016). o3t AFAINEL EPS7F AT AR e 4=

~, oA 242
L Y 7

HAX| A =
|

2AE XYL
(SCFAs)
ZMXYHE @ 4

(Thermogenesis)

Fig. 4. THAHX[2HMO] I3t CHARE S 7HM &857|
al., 2019).

el

f(Reynés et

S £-83 mAEH0|OEA 9]

rlr
o
olX

THRIT.

7IEl M &S

Lactobacillus fermentum® I. delbrueckii 2] ARdA|
Lactobacillus 1B UA| oA Bifidobacteriums 771
Bifidogenic 7= §&3l= Ao2 HUEQthWarda er al,
2021). EAEHP|QEAS] H37} & Aol I vlAl= A
o2 AP, AY AtSHE Lactobacillus paracasers %3
F|oH LED 3pHolA WSt g 4717 jEEA0 R ks
F o FAYsk= b U2RFY S VS AR HalEltt
(Morita et al, 2018).

4B
EAEHPO|QHALE TRH[0|QEA IjHlo| QA AAET} T
£o] mlo]AzHlo|Z9] A=A A7 SR F-835F LA ol
SEARES B2 71E ST 29 ARRo] Thsstod, Tttt
73716415 7ol Aol 7hssitt. FhH, TEHo] QE AL
S B3 4= Sl B2 71s40] Ao, ZAEH|QEA
aAfEo] de] 57| Hoiil= siaxlolof & HAEE Slch
At A3, AR 2, AA|, 240 gt #523) &
s A5 AE F43e So] s ofof gt thektt At 7o
gt FAA 85 A% oFRl FE3t Aotk 3t 39
3%, ARt Aeu 35S 15t EES0F i AJAE Aol B
Zofal, T W} A=k ofd FEoHA] gtk T AlE WS
n2Hpo] QEA HAHAIE AY A83lels A2 AAEA = -
ojg7]ol, tgAFEAe] AHH SEHTh= AAl T4 AlEoR
P et gict 3% o] FHEE s el Vs
A EHIO| QEA0] Wiy g HE] ofgf Ak AAAIH] st
A5} 7149 St FA7} o] RofAof gtk ERF, ZAEHO
QEA A} AlFe] tit A771541E Qs Zholeeklk: vt
] ojof & Holrk.

O O
o 5
ZAEHIO| QE A(postbiotics)=  ZZH[o] LEIA(probiotics)7}
gy 5 dalels 183 diAE ngEe] HAdES X
ook gl ZAEHPO|QEIA= 7|E TRHO|QEA AT
7} Z¥= QP (safety), 71 6(function), 84(stability)2] St
AE 5T & e AR Ui AR FER Qlok. ARES)
Ao, EA A4 B3t FHI= AR 170 7]
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