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Table 1. Distribution of the microbiota in the digestive system (Aureli et al., 2011)

Bacterial cells per gram
of intestinal contents

Site Notes

Lactobacilli, Streptococci HCI, peristalsis and bile inhibit the

Stomach, duodenum <103 . . .
adhesion of bacteria and prevent colonization

Lack of information: likely activity of fermentation of car-

Fasting, ileus, distal il 10%-10°
asting, ileus, distal ileum bohydrates

10*-107
Large intestine 1010-1012 Body location of most microbiota activities
(prevalence of anaerobe)
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A& g Ao 7N g% 07 y)Gdti= Ay
£ HoF7 Ak Blocksma et al., 1979).

EF el EAlSRE ikt lactic acid,
acetic acid 5] 57]4k} nisin# 72+ thazl A 3k
=421 bacteriocing AJJFO =M A 3t
o, Al #F Hdsh AN uSFw(Tritable
bowel syndrome, IBS), 3 EU=(Lactose intol-
erance), W& 24, 35 5l 3t Fo| a3t sk
2 W% QiBang et al., 2012; Alander et al.,
1999; Axselsson et al., 1989; Seo et al., 2010;
Vrese et al., 2001).

oloh o] 5] 75 A F ADBEL U
Eple FEOl=E AolA Lolke -4 el
ashabgol ) A1zl AR, A% Al 3
o g Bal BAE el AslACR S
A Fall gl 73-9(FitzGerald er al., 2004), 712
T AE) BEAON HAEe] Bulske Ty
3l o] 2Rgol| oJste] A= % gl Williams
et al., 2002). 5~ el 7154 HEle|=e AE

28 A FTPIAE A g AL T vist
o S5} W2 allergy S YO 7)A] o= = oJokst
2 S 7L glom, QA AE)rlee] 24 Y
< Mgk 2E]a T de] niste] gafeh Het
Aol =, w2 TN AR o] B =

g3}sta EA1S 71%]322 9JthKorhonen and Pih-
lanto, 2006). ¢-Frhfd 7ieel 9 HeiAlE T
Foll w2t AEE 7154 ezl tigt A=
A|&A 07 Y= Jlom, dAl= A7ke] EAETE
ofle} $-foll e WA Heol= S| At
HEY QJti(Nagpal er al., 2011).
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macrophage, neutrophil, basophil, eosinophil, NK-
cell, dendritic cell(DC) % mast cellE°] ¢l
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2 M (specific immunity)o]2} = Btk 334
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Fig. 1. Integrated human immune system (Turvey and
Broide, 2010)

NK-cell& A0 F2 Q4o FAAE

9 AGZE AP EFRIS A=l MESA g2+
Z=9] Y=o|m(Moretta et al., 2002; O Connor et
al., 2005), 217+¢] NK-cell-& @233 F 272 10%
= A5l geslE o E CD56 positive 9F CD3
negative cellZ F7F¥t} (Cooper ef al., 2001). B
2 Qgke] ielol7] Aol 4 NK-cell & IFN-y 2]
E AT RN U S s E 9E8E s
H, FRAA 0] X437 cytotoxic T-cell ] EAJol =
Foi3la/(Robertson, 2002; Bryceson et al., 2006;
Marcenaro et al., 2006), AlO)EFIRIS SAI5HA]7)
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Fig. 2. IL-1 family cytokine-induced cytokine production provides a mechanism for a rapid innate response (Guo et

al., 2012)

3 A E & NK-cell o] &AL 231715 st} (Terme
et al., 2008). Lympokine-activated killer(LAK)
cell, CTL, NK-cell& vlo]|# A~ 38 X2 E o
Ask=d] @371 JtkKagi er al., 1994; Lowin er
al., 1994; Sayers et al., 1998).
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WX)e= 9Eg stofal 48 x dthHove et al.,
1999; Kaila and James, 2000; Kent and Neil,
2000). B3 ARG AT FoIAl el Yzesh

Fig. 3. The fate of LAB and antigens in the intestinal
tract (Wells and Mercenier, 2008)
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ki et al., 1988; Matusuzaki, 1998).
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Fig. 4. Mechanisms of host defence against and tolerance
to intestinal microorganisms (Bron et al., 2011)
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Table 2. Immune responses elicited by the exopolysaccharides(EPS) synthesised by bacteria present in foods (Hidalgo-
Cantabrana et al., 2012)

. . Bacterial strain charac- - Immune
Producing bacterium L EPS characteristic Study model
teristic response
Lactococcus Zcfcns KVS20 HePS, z?c1d 22 % Stimulation In vitro mice spleen
subsp. cremoris PO,), high M, macrophages
Lactobacillus del-
bf‘l;ei kiaicéuzzp. ¢ OLL-1073R-1 HePS, acid fraction Strong stimula- In vitro mice spleen

bulgaricus

(0.1 % PO,), high M,

tion

cells and PPL

Leuconostoc mesen-

Commercial dextran

HePS, neutral fraction
HoPS, e-glucan (dex-

Weak stimulation
Weak stimulation

In vitro mice spleen

teroides tran) HoPS, P-dextran | Strong stimula- macrophages
(1.7 % PO, tion

Lactobacillus

ac. obact I,” ATCC 46761 HePS (kefiran) Stimulation In vivo mice model
kefiranofaciens
Bifi “teri In vi h.

{fidobacterium BCRC 14634 Unknown Mild modulator | . o MACroPage
longum mice J77A.1 cell line

YIT 9019 (Shirota,

HePS, high M, + low

In vitro mice spleen

Lac " o .
actobacillus casei parental) KO-mutants M,, HePS (low M,?) Suppression cells and mice
Lactobacillus ATCC9595 (parental) EGIIZ: ( { rEam) Stimulation In vitro mice
rhamnosus RW-9595M(derivative) .e (1 rham), macrophages
high MW
Al (parental, food origin) | HePS, low Mw
Bifidobacterium ani- | A1dOx (bile adapted) HePS, low Mw Stimulation In vitro human
malis subsp.lactis A1dOxR (bile adapted, HePS( 1 rham), PBMC
ropy) low Mw + high Mw
UCC 2003 (parental
Bifidobacterium breve | EPS?) HePS No production Suppression In vivo mice model
UCC2003-EPS
HoPS, 2-substituted . In vit larised
Pediococcus parvulus | 2.6R (ropy, parental) ( 10_> 3) s;; _;luz;] Suppression h?ﬂl;?ﬁ:;:;ﬁages
HoPS, 2-substituted .
Propionibacterium | CBI (=TL34) (parental) | 1°_> ). s/;‘_;lu:aen Stimulation In vitro human

[freudenreichii

CB1-KO (gtf inactivated)

No production

PBMC

*HePS heteropolysaccharide, HoPS homopolysaccharide, Rham rhamnose, Gal galactose, Mw molecular weight, PPL

Payer’ s patches lymphocytes, PBMC peripheral blood mononuclear cells
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Fig. 5. Mechanistic view of probiotic actions by lacto-
bacilli (Lebeer et. al., 2008)

murinus/animalis ©] 7o) 71l vls)] A5 W
ko™, L. reuteri 100-233} L. gasseri 3114762 A
7d +EF o3 A}, atrophy marker(Antrogin-1,
MuRF1, LC3, Cathepsin L)7} 0l G742 B
gto ™, o]9} A#3le] interleukin-6, monocyte
chemoattractant protein-1, interleukin-49} 7+ 4
S APIEZRIEH] ] Astasts YeR{th(Bindels
et al., 2012) Y3k Lactobacillus rhamnosus strain
HNOO01E- Salmonella typhimurium®l| 723 % Balc/C
whgoolA)] AT 5 vz} MRS v, AT
Fofal) o tlETel WTAS o B AESY
2 BT, B ) wETe) Zvlet W) gue
AAEAEE FEFOZA S Ho] UL BT}
(Gill et al., 2001). L. plantarum 21429] 739+
Hsp70 734} 2&A) 2420 2 1L-8 % TNF-a$}
7o A=537 7Hra 9= Veh) Itk Paszti-Gere et
al., 2012).

ARtAl] Y 245 A7+4¥ TNF-a, NO&| W
= 9 2N EZE-EA(Lin er al., 2007) 133 4
A3 TL-129}F IFN-y A8 fregithal B E Q)
thKato et al., 1999; Matsuzaki and Chin, 2000;
Sashihara et al., 2008). & ARt 2 Al2] pepti-
doglycan W¢] -fra/dFel thgh A7} 218w 3 Sk

2. 99 Q2 BER|SO| By gy

A2 casein ¥} whey protein © & o] Fo{ ]
A, -F A fARF 2o o) 7l =,
g EoU AEERE FEH 84 o E sl
At 7lEalol olal A9 HEte]=s HY, 3N,
sl Z4AT, ACE o4 59| &3} olky 1
%] 7 it Korhonen and Pihlanto, 2006). X|=, ¥
EH9F 2 FABol ke B peptider}
ZA 5P (Saito et al., 2000; FitzGerald and Mur-
ray, 2006; Korhonen and Pihlanto-Leppild, 2004;
Sienkiewicz-Szlapka et al., 2009b), Casein -2} Al
2|24] peptide Foll= ZAJAAEA A Yol =
223k 2H2 983 8= peptide 7t EA 81, o9} 2
<= AJE]2d peptide= 2704 207]9] ThgE ofr]
T4 2715 7FR3. itHMeisel and FitzGerald,
2000).

S Tl 52 peptide = dHEM o] & ¥ Matar
et al., 1997), Hx4 =2 Hxd g3HLaffineur
et al., 1996)2 LiehRw] 99 BAAEES ATt
F HYE T ) O ™(Moineau and Goulet, 1991), L.
helveticusell ¢Jaf A4AJE Helo|E J Y a4
7} Itk B 3753 gyt Yamamoto ef al., 1994 and
1999; Maeno et al., 1996). 82 52 casein}
whey proteinol| 4] Y Feto] = HEe] 3
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Fig. 6. Functionality of milk-derived bioactive peptides
and their potential health targets (Korhonen, 2009)
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Table 3. Milk-derived bioactive peptides in commercially available functional foods and ingredients (Mills et al., 2011)

Bioactive peptide

Health claim

Product type

Brand name

Manufacturer

VPP, IPP from f-

Reduction of blood pres-

; . Sour milk Calpis Calpis Co., Japan
casein and #-casein sure
VPP., IPP from ﬂ- Reduction of blood pres- Fe@ented r.nilk, Evolus Valio, Finland
casein and #-casein sure calcium enriched
Reducti f blood - | Hydrolysed wh
Whey peptides eauction of blood pres YAroset WAEY | Biozate Davisco, USA

sure

protein isolate

Casein-derived dode-

Reduction of blood pres-

DMV, The Nether-

capeptide FFVAPF- Ingredient C12 Peption
PEVEGK sure lands
Casein-derived dode-
Reducti f blood - Casein DP Pepti
capeptide FFVAPF- cCuetion of H1o0d pres Soft drink asett epHo Kanebo, Japan

PEVFGK

sure

Drink

Glycomacropeptide
k-casein f (106-169)

Anticariogenic, antimicro-
bial, antithrombic

Whey protein
isolate

BioPURE-GMP

Davisco, USA

a -casein f (91-100)

Reduce stress

Milk drink, con-

CSPHP ProDiet

Ingredia, France

YLGYLEQLLR fectionary F200
Casein phosphopeptide | Helps mineral absorption | Ingredient Capolac Arla Foods, Denmark
Casein phosphopeptide | Helps mineral absorption | Soft drink Tekkotsu Inryou Suntory, Japan
Casein phosphopeptide | Helps mineral absorption | Soft drink Kotsu Kotsu Calcium | Asahi, Japan

DMV, The Nether-
Casein phosphopeptide | Helps mineral absorption | Ingredient CE90CPP ¢ ether

lands

Glutamine-rich pep-
tides

Immunomodulatory

Dry milk protein
hydrolysate

Glutamine Peptide

DMV, The Nether-
lands

as]-casein f (1-6)
RPKHPI, f (1-7)
RPKHPIK, f (1-9)
RPKHPIKHQ,

Reduction of blood
pressure

Fermented low
fat hard cheese

Festivo

MTT Agri-
foodResearch,
Finland

Boost energy, improve

DMV, The Nether-

Milk-derived peptide leep quality Ingredient Cysteine Peptide Jands
. ' ' Improves athletic perfor- . DSM. The Nether-
Casein-derived peptide | mance and muscle recov- | Ingredient PeptoPro Jands
ery
Borcula Domo Ingre-
Whey-derived peptide | Aids relaxation and sleep | Ingredient Vivinal Alpha dients (BDI),

The Netherlands

Casein phosphopeptides

Anticariogenic

Chewing gum

Recaldent

Cadbury Enterprises

Milk-derived peptides

Reduction of blood
pressure

Margarine

Evolus Double
Effect Spread

Valio, Finland
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A, A1 EFIR 224 53 22 Al EHS 755
}3tx)Z4 4= At Cross and Gill, 2000). &3 &4
ol-g&atd AJH 7 Frel Setolol ofgh Hiz
& B sk Al ETRL 4], AAIAA, AR
F-2Ad, A B NK-cell & 23Feh= vkt W
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2004).

AR 26 fe 48 B ) AR
immunoglobulin & X H o F IgG7} Ao,
cytokine © 2= TNF-a, IL-1, -2, -63} transforming
growth factor(TGF), insulin-like growth factor
(IGF-1, II) epidermal growth factor(EGF)7} ]t}
£3], transforming growth factor- 8(TGF- )& Al
xo) 4%, B3l 2 2ART 59 5L o
cytokineo| o}, ol 21% EfH7l £ wuHe
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P ), T =52 F heme oxygenase-12] &
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A el= a5 BAtK(Yang et al., 2012). §4 7}
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