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<E. YBE & 2d|E>
2014 2015 2016
2H|Z | PMH| 2H|F | PMH| | &H|F | PNH| | SEE
AN B2 4 2H|ZFH(A) 534,999| 100.0 575,460, 100.0| 658,869 100.0| 14.5
AM2E H=A(10) 399,045 74.6 369,626| 64.2| 378,428| 57.4 2.4
JEt BEII2E M ZE(10619) 53,600| 10.0 41,610 7.2 46,823 7.1 12.5
MEME 2 2F M= (10620) 12,856 2.4 12,956 2.2 12,294 1.9 -5.1
o2 H=E=H(10711) 188,248 | 35.2| 170,980| 29.7| 169,618| 25.7| -0.8
FIAONE % XF (10713) 7,074 1.3 7,194 1.3 9,033 1.4| 25.6
HEolFl2L 9 SAFAIE (10730) 9,859 1.8 11,115 1.9 9,938 1.5| -10.6
EE M Z=(10743) 12,197 2.3 10,858 1.9 10,530 1.6| -3.0
SAIE 2 AAE =2[A1E (10798) 98,369| 18.4 96,411 16.8| 100,247| 15.2 4.0
2 M=(11) 135,954 | 25.4| 205,834| 35.8| 280,441| 42.6| 36.2
Bt gl ok M ZR(11111) 47,259 8.8 46,403 8.1 51,592 7.8 11.2
X HMz=A(1121) 78,449 | 14.7| 155,754| 27.1| 222,356| 33.7| 42.8
* 20115 EH AIGHEE 4 AH|ZZALE ZEtsto] T AH|ZFTAL MAlE
(EAA 2016H L=AH|ZF ZALZA D}
- otH, HEXNQ USEE F&510 A= STAEZS| offlsial’2 20154 71X 164 &
ote| =Molj=0| 2f 8,600H2Z FAlEof 0| 72t of &2 2HAter A 2F 53042
2 FAMED (EMH[= 2015.07.31.) & AH|HOZ 471 2F 2 D00EE AH|SH ZHo =2
of A+
- o #ZSEe| FRII STAES Al 2l oAl ZHoz FHE A2 I 4S=E
AlEE ? ME AIEe| oF 28 OofLhe| A[ZHS YEAMSHD US A2 of & E
O BdH7|stsdzt
- T AEUACS EXM A5zl Al MED STAEZS| oA M E0| /US
- Al 7 M Zoll i Sste 7|&EL M2 R, YR, HAEZ2RRF 52 RYAH L} ool
AtAALRt S, M7, ME5FF 32 F7F oE A 30| AUS
- o A7l S 2 AEE IA 245 50 JUX = oLt STAES| ot AS H[F
sto{ F27| 2k 0| FE2| 2lolA 3 5 ciekst 2 M EO0| EEL US
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L Zel Jla 4E U AE HY
O Al&eg
2014 Bio litres o
M " 1.2%
\/ b White Milk [ ok
'¥ Baby and Toddler Milk S 3‘? 4% ;E:l f;::
| ol
._. i Flavoured Milk —_— 3?0_3,‘\-
[‘ *"-_“ki Soy Milk - 11;3‘:‘-
- . YO il
{ A Traditional Cultured Milk _— 0:‘.0 4
j Drinking Yoghurt _6605;
B o5 Based Dinks — 12 3%
Liquid Cream _ 22_3‘5""
| 4% Non-Dairy Cream [r— -l‘L!iG
Sweetened Condensed Milk —lfl."i
i I ) Buttermilk — 7
Ffé Evaporated Milk g"‘l 6%
<a8. RME 2 Dairy Alternative I 22|H MA F2>
- HEZIe| 2014 SRAIE AL Zofof| 2™ FHE 2 A7 (diary alternative) Al

Aol sl ned 8|52 RMES MstD TR I 2 A2E AX|ST o0 4,
ARF, 7|6 BF U ZURE J|UOR s= SE AIHO

(Tetra Pack Compass 2014)

| I chEE AR UAS

- 53], dZt =7 4 & Vel F7/ 7|He] 22 (RNGS based drink)2| o17F MAZS
HDE AR £ AFe AmE AF Mssted aFoL & U Ve 2R Jlekel g
Zo| datze sfoict 2Eo2 MEg 55l &F 22Y 7 AFe FREAM X
2 e A2z o 5=

14,000
mSgy Mik
12.000 ERice. Hut, Grain and Seed Based
Dirinks
10.000
B.000
5,000
<. 00
2.000
Q
200 2011 2012 2013 204
Sowrce ; Tetra Pak Compass 2014 (Still J] =, |ECIER
<J8. £7 % RNGS SE°o| M 7A=>

- IR Y MR 2B AZe ARE S0lAFe| 2 ol250} bE 31, £ ZAY
22 Cl2o= #gRIl ARe 295 AXstD Yo, RHUAIRS & F77} 7t
2 AEE @45t AL So|2t ctEA ASEIF 292 AEAZE dM5t Us
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The Hain Celestial

- TMMEFE: Water, rice (13.8%),
sunflower oil, calcium phosphate, sea
salt, vitamin D2, vitamin B12.Water,
rice (13.8%), sunflower oil, calcium

Holdings Limited

Group, Inc. phosphate,
seasalt,vitaminD2,vitaminB12.
Rice milk _ XMEAZx sidi2 (=) O| ALZb L
Vitasoy International ;—HoETDquﬂT’ Bl siulablw, dods,

rice milk
trader joe's

- dA=, sio|, g3t7F, aldt2b|F, 7t
=2k, elttzs, ML, vitamin A,
palmitate, vitamin d2, vitamin b12
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Renin-angiotensin-aldosterone system

Sympathetic \
...... - activity
. ' .

s Na

g H K
Tubutar Ma' C1
| o Tubuilar Na

[ o reabsorption and K
excretion. H.O retention | |y 5.

A :.m..| gland :0

O ———— Al cos Brong

Angi Jtl‘n'n!. [eesanss 30
> SorreRon Water and salt
I' " s retention, Effective

circulating volume
increases, Perfusion
of the juxtaglomearular
apparatus increases.

v
Collecting duct
H,0 absorption

a3, #d-¢kA 2 | 4l-% = 2 H £ (renin-angiotensin- aldosterone) Al 2%, <1 Xﬂ ol /“] detks SYa
s
3|

e ACE HHX|HMel HEXM <2A=2 Sulphydryl ALE captopril(ZF=El), Carboxyl A
Enalapril(llH &, HfEL O LEZ2l),  Quinapril(OFFZE),  ramipril(ZE O] A),

lisinopril(Z2|Hg, HMAEZ) benzepril(ZEIAl, AlHHA) 2 Phosphoryl A<
Fosinopril(Z-Z2) S(& 1).

o ACE 9™l <t=E9o 2=x-Z: Ct2 =0l dlsh Hel slaut, 2F 20%2| Atzhol| A A
o2 7|&(HMECH od{MolA =3])2 Fstn MEXel delo| =7|E st
Aol AR AYotE FEE £ US. 0| Hol| ojao|zt, WHER ALE, AUES
e UX 52 rUste A2 2eld AZ(dstod sz, 20134 nge 2
EX|E, D™ 8K 7ol E2tel)

AlE CHEX R sStTEQ HE|IE

o Mz|2M B ELO|=(Bioactive peptides)e| &M otMst, o MEHXO|n{, 31}
Ho|Z, X|&EXo|EZ2 ¥ JIX| 235t x[ZHM et v|Wstod o £2 CHAA

o ESH Mz|EM HEO|IEE2 Hot MESH i A2 22 £ 25 = U200,

lsd AE 2 747 SZlol oish &d[Xte| elAlnt @77t Z7tstl _AS(Aluko
2015)

e Cushman S(1971)Z} Cheung S(1980)2 0i2{ 7IX| C|HEIO|= (dipeptide)ES T
Astof SHX|EIA- M3 £ X5 1ol o|x[= CET I NZE ofo| ok Zt
7ol dets AESH 21 CECHAM 2&= ofo|dt T2 NZEo|AM X|2S
ofo| =& FI|7F EX|(branched)® Z0| SHX[EIAI-| M2t &4 (ACE)2b Z&ts

= d™AN XiM2AM Mdstctn Eosk olaf e AT =1 AF(Cushman

1

et al. 1971; Cheung et al. 1980).

o & CHHA Fefo| Mz|=tM HEO|IE= AE MEOSZAMO| ¥k Jix|of 504
oz M=ty EM 2 AMdpt AMEts xZohsl ofg AEtso st X2 238 2
ol UF. AEEAML &5 AME JI8 = &4 2 Mo 250 2|5t ot
HXl= 27 wef Mzl HE|IEE K& XNsoh, etndget HAdx™ SEE,



SEFH antet Z2 cigstu fAst 5ot LERH (T 4)(Marcone et al
2017)
A oHX|EIA-| M2k 24 (ACE) 4 Noildc= AlE A, olf ¥ &/t 1
L AlE SS H|IXE Ciet A 2R HMET AZ(OE 5).
AlE Yo EXsts oHX|HEIAM-| ME 54 (ACE) XaliAd+<= Zoll otestod AL
oMol E4Z go|st H|mE XMEX 2E=A o|Se| ACE &M Mo aI=
Zo| g ZSHHECt A 2 EME JHXL AXH He =z ek dF St
AE B0l Exfsty ek Mo|2t= FollM O w840l 7|tHE.
Composition of major proteins in cow milk Generatlon of peplides Bloactivities of milk derived peptides
A | |
[ | [ | [ 1
' ™
ik » Anthypertesnive
/ a-caen \ S Anth-smmatory
Casein m = —
::::Tn [N’mu_\m—o;mdmw ]
Cow f“,-..-_j;b ( tesubmotropa &
milk QJ bk Aetabelic Ghacose control
plactoglobulin iy pasyontins
Immunoglobulm \_ Appﬂ-cowol )
Whey Serum albumin . 2
nmww ';::' Cytomodulatory
\ lmof:mnj — Antillsmmnlory
[i Anbactenal
activiey <Aﬂ\‘li
a3 98 Qef Aelaal Wetol=o] WAy BAlat o] So] ChUEt AlRlAl 7] (Marcone. et al. 2017)

Cereals

Milk

é‘{;.' qﬁu

"

e

FoR,

Antihypertensive
peptide
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st nEQt HEO|Z= O o|E{H O|A(AHTPDB, Antihypertensive peptide database,
CSIR - Institute of Microbial Technology, India) XtZof 2|5t &HA AlZ Fei
gonder HEolES2 A 2F 1,700 /7 E1EA20, 0| HENIESS
ofo| -4t Zol= 2-5 ofo|=&t7[e| =2 HEIO|=F0| 2k 75%(4,44571), 6-16
Z71e| ZI HEIO|=E0| 2F 25%(1,53370)2 2 CIASIRS. ol & HEO|
EE2 w7, 7, &, FE, OF, =X, AR, H, Z, A2t SolM FelsiUS
r et al. 2015).
ae PRI MIAA 2go| o|sto crefzanl HERIEE F =

£ J17Ictn E0Eoo{(Nakamura et al. 1995), 7 CTHHZE caseinoi| A
Tellsk= lactopeptide 2 THA[, Isoleucine—Proline—Proline  (IPP) and
Valine—Proline=Proline (VPP)7} AfeiMoz 4K 2afjof 2|stod =xfsto{, ACE
Mol Mol U0 elxe| et JHMol =F/0| Ecke 043 217t /AS(Boelsma
& Kloek 2008).

=
c
3
QO

4 Chl WS DTS 6~8% BR, AUNOE HOLl FACERM J1F e ¥2
HF3| B2o olel BTHIE MAZFO o 24%E AX|T 213 YYHo= o
23 CiE TIAY(EH: HhE 42 UKL, 1996, MTF2HAY
SRAYEES O SNl wet Bo| = MBS IR YRl 23S0 =
2228, Mo 5= 2FTY, Y2o| =& T2 SOZ Lis £ US

wo| NE cHme 220l 75~90%E AA|StD ZBajelo] 1~5% HEolof,
23t B4 2 mgeaiol ,

2 FHESZ oot S, 2, 22| 52 v|2st
C

B Z3&of w2l & tHiA ghEfol xto|7t Rlen, B EE0lM thes| StHElE S
S STIZICID et ez JHFERICIE & 5 flen, EhiEe| AN gy 3
oo it =dol SHHE &M o|Fojof d3Hel =& 7iFo| =ty = =
2 el

TROYTS ofo| =i TAM LS
= o
—

] OlLt S50l Hlsh 2lolAl, EREW, @
d, ofAm2IZIA So| B2 s T2

=
3} AlAE|Rle Me ZAstoz =

7 CHEE SolM JHE ofo|=dh =Moo 5.

Cal Xl
A oY CHEA2 Sio(ofA] dio|2 o7t 4 ™| S MT|= Z41E2l
o|Zds HE2 st= sl CIM LM Eol 2008H X =2EX| 7|&2f 0|2t cHEA =
E7|22 28l MA = =2 o|ZTHEEA CEF datof| MSSH(MALSE, &= sty o
O|CHCJA Z17| Retali 2l S AL
AlZ 2 chlARl2 piX} A2l ofo|ATE! FEZ|M Hf, 3 AAIX| Sof ClkstH AR
Hle O, tHEE 22 /22 st o5 ciEo| #0|1 e



0

O Fchel (Alekx| HAZ7|sSAE 7|sMeE, 2011., AEL(AHECHNA): HFE NS
Hoz <ez|u2t Z2lo| JtE ol MFols FREM SR HAHAZO|H LY==
HoZ cieketA| o|8=H1 Ue AlZFO|ct V|sHE(Es XNEAHE)S otEF @ ¢
g A8 7|F22 600mg/g Ol gtmstl A0{of 5t0{, ClO|=XM el F & L AH|
olo| =el=lofol &

22|t SEHel (isolated soy protein, soy protein isolate, SPI): &22|Ci &l EFX|
CH & (defatted soy protein)& & F&otH 2F 90%<2| HHHEO| &=, & F& ©
BHZIo| oF 80%7F AHEIMSHO EMCHMAE ZAMEZEAMo| olstnd 2, 7, 11,
15S(S= &ZBAF)e 484E22 o|FNZIct o] & 7S(conglycinin), 11S(glycinin)
MES XA TAe| oF 70%=2 =10 ofFchizlel FME AZIISA 7|5 &M
Ol f%=ol0f cietst 8B E JHX|1 JUX|TH F=2 SHE, FRMAE, M8 HFAE
I} JALSH AlZo| AFBED Uct ST ELEME AUYEZFAZQl ch U E,
22| ZE2H|QICIO|0Eo ALSEDD US(DLSALN, HHAM Z 24k ofFtHo|MA,
1998)

LA ZZHO|QEIAE 0|3t MEMEEY e 2 & It SE9 g

IZ ZHIO|2E A (probiotics) 2t MUl S0{I7IM HZol|l £2 F3E F= AolleE
.

2{Alote|] T}EHX} Elie MechinikoffZb 27t2lot AltE0| EH+E Fe2l= olf
Lactobacillus2 & & wERel MF W202le AE Ul HAS gt
olgilz fFAtRF, IZ=2Hl0|QEIAS J|lsME2 9l

(Mercenier et al. 2006).

o T
Pt
ol
re
. (o]
-4
m
<
FO
kl

A Aotol AZIX| EEEsto] EolM ZAlst MEfstojof st A LfolM
235t 2315 LIERHO{oF 5t =AM0| glen{ H|EH A 0o|0{of &,

MEMoz Z=ZHIO|QEIA HMEZE2 Lactobacillus 52 42 0|235l0] ot
ol gasf HEzcS=2 MF=EO 2oLt =z Zol= Lactobacillus 0| 2[o

&= ozt nE, &

4o
BN
-4
oln
mjo
Hel

ol
g
T
fol
30

Bifidobacterium, Enterococcus &
% Sof gejz moj.

= HZ7|sAE0 ZZHOIQREAZ AEY® = Ues= FF= Lactobacillus,

Lactococcus, Enterococcus, Streptococcus, Bifidobacterium &0l &sk= 2F 20
0{E0| US(AMUH HL7|SAHE 7IsHY=E, 2011., A ZEL|ZHA)

ZdE: 4 3 I/ 55| UFCHE Rele MEXMa(es) A=l Jlsd MEX EH
ElOlE =MES H7Islo| HdAUMFE 23t 2 g a5 71 4 I8 S8
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HeLdaAE =l ok =22 (1A M8e Ef ®od 340F =F) Ped.
pentosaceus SDL1416, Ped. acidilactici SDL1405, Ent. lactis SCL1421,L.
planterum JDFM44, W. confusa SCSB2320, L. rhamnosus JDFM6, Ped.
acidilactici SDL1414,Ent. faecalis MAD13, Strep. thermophillus SCML300, Ped.
pentosaceus  SDL1415, L. rhamnosus  JDFM33, Strep. thermophillus
SCML337,Ped. pentosaceus SDL1409,Ped. pentosaceus SDL1401, Ped.
acidilactici SDL1406,Leu. mesenteroides JBNU10, Leu. citreum SC53,Ped.
acidilacticic SKL1418, L. pentosus SC48, Ent. faecium CK5, Ped. pentosaceus
MAC11, Leu. paramesenteroides SC46, W. koreensis JBNU2, L. curvatus
JBNU38, W. confusa SCKB2318, Ent. faecium SC54, L. brevis SDL1411, L.
brevis SDL1408, Ped. acidilactici SCL1420, L. planterum SDL1413, W. cibaria
SCCB2306, L. arizonensis SC25, Ped. acidilactici DN9andPed. acidilactici
SDL1402.

Ol R/Atd #F= -80°CollM 20% GlycerolollAM HastE oo, A3 Hjet2
MRS(de Man, Rogosa and Sharpe agar, Difco)oll =25t0{ 37°CollAM 24A|ZF dlf 2F
st1l, e FEYE MRS brotholl &&35t0{ 37°CollA X[=7| Hj 2F5t0{ ALZ et

MA+E MRS agardlM plate counting 1oz =& st

0=
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ot
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00
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2 E
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29| SAHA(LAB, lactic acid bacteria) &= 50% O|Ate| cHHl Al 2T E Hod
o

| LAB L112 7He =2 tE ZEsil=& HHES.
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T e
BMEEY S)oIM 22| SYE PFER 2 dPHY ERFFSY. (R R
k=1 H
—

Y % e MEXY HEeo|s
=EM (ACE inhibition activity, ACEI(%))
LIEFAH

17—
A
0x
o
[N
i)
=2
-0
HI
rlo
>
O
m
Ral
=.°£
fuk
0x
mo

FAMF LAB 11 2 LAB 82 & 1EQ-ACE inhibitorel captopril2t H|WI5td He| &
Alst 2582 LIEMEH(84.0 &/5mg LAB 11, 84.7%/5mg LAB 8 SPFFs,
90.8%/captopril)
WPFFofl CHet ACE AMall&tM IC508 FH et ZtE ® 40i LIEHY
LAB 11, LAB 8, LAB 12, LAB 32, LAB 19, LAB26, LAB 1, LAB 5 ¥ LAB 34
TE2 0|E9 Yax=ME0A 40% O[&t2| ACE XMallgtM S Hof FUS
LAB 11 ¥ LAB 82 7t& =2 ACEl 282 LIEHHS(19.8 ug/ml LAB 11, 65.5 u
g/ml LAB 8 SPFFs, 5.0 pyg/ml captopril)

Table. ACE inhibitory assay of LAB fermented whey (WPFF)

Bacteria Peptide concegtra‘uon ACEI (%)
(ma/ml)
LAB 15 0.30+0.01 54.3+1.50
LAB 5 0.13+0.01 40.0£0.52
LAB 11 0.51+0.01 84.0+1.05
LAB 16 0.26+0.02 2.9+1.10
LAB 1 0.22+0.01 524+2.10
LAB 8 0.30+0.01 84.7+0.67
LAB 20 0.17+0.01 5.4+0.10
LAB 12 0.25+0.02 554+1.73
LAB 19 0.21+0.01 79.0+3.40
LAB 18 0.20+0.02 25.7+0.50
LAB 13 0.07+0.01 42.2+0.90
LAB 26 0.10+0.01 72.9+1.60
LAB 32 0.18+0.02 54.9+0.90
LAB 22 0.33+0.03 31.8+2.80
LAB 33 0.26+0.02 5.2+2.20
LAB 14 0.22+0.01 28.4+1.00
LAB 21 0.26+0.02 9.1+0.50
Captopril (control) 90.8+10.3

* Peptide concentration of the permeates were determlned by the OPA assay.
**17 LAB fermentates showed ACE inhibitory activities after fermentation
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Table. Inhibitory potency of the fermentates (WPFF) from table 2.

LAB used for fermentation [Csop of LMW peptides
LAB 11 19.8+1.73 ug/ml
LAB 8 65.5+7.99 pag/ml
LAB12 70.5+11.2 pg/ml
LAB 32 96.7+20.9 ug/ml
LAB19 1.28+0.30 mag/ml
LAB26 2.07+0.55 mag/ml
LAB1 2.13+0.70 ma/ml
LAB5 2.77+0.20 mag/ml
LAB34 2.84+0.40 ma/ml

Captopril 5.00+0.004 ug/ml

*LMW= Low molecular weight

N

** These peptides in table 2 which had lower ACE inhibition below 40% were not determined their
ICso.

MEFE BHOIM ©EE ACE M B4Ql X EAZ HEO|E Z2ai 24
MerEl RaFO| ol B LEANES LC-ES-TOF-MS/MS 2412 S3t0] E 59
ZEE

AyEAT| 2Moz SHE 22DHEOISS R olni MPE ACE A
g0l 208 HEO|E MASS BRIIDE 0|HS KA o5t KHCh wE
2(WPFF)E0| 52 ACE M3l M2 LIEldS HoiZE 2 d7el 2SS Ux|3
HE: MY ATABOIN YBNEH BHOR A2 HEO|SSS FTHY-ACE Haf-
M0l 5002, 0SS YNEY JISN 2B SO ME Mol M + US.
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Table. Antihypertensive peptides in LAB 11 fermented whey using LC-ESI-TOF-MS/MS

Anti-ACE peptides already

reported References

Name Peptide sequence

(f1-27) RELEELNVPGEIVESL
(f1-25) RELEELNVPGEIVE

(f1-22) RELEELNVPGE (f7-16) NVPGEIVESL Iwaniak &Dziuba, 2009

(f1-24) RELEELNVPGEIV (f6-14) LNVPGEIVE
B-CN (f192-209) LYQEPVLGPVRGPFPIIV (f2-11) ELEELNVPGE

(f193-209) YQEPVLGPVRGPFPIIV (f191-20

(f193-208) YQEPVLGPVRGPFPII LLYQEPVLGPVRGPFPIIV

(f194-209) QEPVLGPVRGPFPIIV

(f195-209) EPVLGPVRGPFPIIV

Hayes, et al. 2007
Hayes, et al. 2007
Yamamoto 1994

(F161-169) TVQVTSTAV
(f155-169) SPPEINTVQVTSTAV

(f149-169) SPEVIESPPEINTVQVTSTAV
(f151-169) EVIESPPEINTVQVTSTAV
(f159-169) INTVQVTSTAV

(f152-169) VIESPPEINTVQVTSTAV
(f150-169) PEVIESPPEINTVQVTSTAV
(f157-169) PEINTVQVTSTAV

(f151-169) EVIESPPEINTVQVTSTAV
(f151-165) EVIESPPEINTVQVT

(f151-163) EVIESPPEINTVQ

(f149-162) SPEVIESPPEIN

(f151-162) EVIESPPEIN

(f116-141) MAIPPKKNQDKTEIPTINTIASGEPT

k-CN (f64-69) VTSTAV Weimann et al.,2009

(f130-149) DEALEKFDKALKALPMHIRL

(f130-146) DEALEKFDKALKALPMH

(f130-145) DEALEKFDKALKALPM _
B-lg (f1-11) LIVTQTMKGLD (142-148) ALPMHIR Nagpal et al, 2011;

(153-162) PTQLEEQCHI y g

(147-156) IRLSFNPTQL

(f1-11) LIVTQTMKGL

(f10-23) GLPQEVLNENLLRF
(f10-22) GLPQEVLNENLLR

(f-23) RPKHPIKHQGLPQEVLNENLLRF (F1-23)
) (f14-23) EVLNENLLRF RPKHPIKHQGLPQEVLNENLLRF
oS1-CN  £10-21) GLPQEVLNENLL (F14-23) EVLNENLLRF Moller et al. 2012
(f24-34) FVAPFPEVFGK
(f25-34) VAPFPEVFGK
(f24-38) FVAPFPEVEGKEKVNEL
(19-36) ILNKPEDETHLEAQPTDA
PP3 (19-35) ILNKPEDETHLEAQPTD
(f77-87) QPQSQNPKLPL
PIGR (f383-404) PGRPTGYSGSSKALVSTLVPLA
t’GPPZ) (f455-473) SEGVAIDPARVLDLGPITR

*CN: casein, as1-CN: Alpha-S1-casein, k-CN: kappa-casein, B-CN: beta-casein, PP3: Proteose-peptone
component 3, UP (GP2): Uncharacterized protein GP2; PIGR: Polymeric immunoglobulin receptor.
** Sequences in RED are those identified in this study which are already reported in literature.

5) Al24 CHUN Rej MEME ZH ABo| ACE 94X BS 24

- 2 RE=E of HFC HE ZolM ENo| I 24 HME el T
(ISP)” & Teisto] RMTF LR ME83HYS

- 2 olTo| ALZEH “Ealt Tt ol 7|2 mAe ChiE 90% OlAl, + 6.3%, 32
8.0%, X 1%, ZzmE2te] MZ(ight-yellow) S(HIE AlFARA)

- MEWAAESOA 228t RAPES 52 T 2SS UK, Ol RARS
2 WEAZ ECH MBMH MBS 52 FTUUACE M) BNS LIERYS

- A2N TS 2R 5 S24 cHiTe MYEUYN, A227| R, HAF
3271 Sol oiEe =D 2ot AHFHo|0 MHYSD HHelS0| MEsHE 4
24 cHEA TR FAEY. Esh 4 chlo 23 Tolo|it 2lojlo|
=Lk

- MY TN MEE SAMF BFE AIBSIH UFCHY wE ZNES 350
ACE WMsl 2Me 2AMsion, I 2T RAF LAB 267 LAB 110] 52 ZNS
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Table. ACE inhibitory activities of LMW peptides (SPFF) obtained from LAB fermented soybean
proteins

Bacteria ACE inhibition (%) IC 50

LAB 11 459+1.3 1.705+0.29 mag/ml
LAB 8 0 -

LAB 12 0 -

LAB 32 0 -

LAB 19 0 -

LAB 26 65.1+0.78 123.3+15 pg/ml
LAB 1 0 -

LAB 5 28.3+0.57 n.d*
Captopril 90.82+10.3 5.00+£0.917 pag/ml

*n.d: Not determined

SAT LAB 26 RFO| o|F iFChY wEMS(SPFF)e| FaEAY| Heols Tz
melg Eol ety

Table 7. Peptide profile of LAB 26 fermented SPI using LC-ESI-TOF-MS/MS

Prec Theor Theor
Sequence MW Prec m/z MW m/z Theor z
AVSGVEAVP 827.4189 4147167 827.4389 414.7267 2
IAGILLNN 826.4307 4142226 826.4913 4142529 2
SADLANL 702.3453 352.1799 702.3548 352.1847 2
DNLNLENN 944.438 4732263 944.4199 4732173 2
EEEGLQICVE 1147.564 574.7892 1147.507 574.7606 2
DDASQHPGAGG 1010.451 506.233 1010.405 506.21 2
LAGTQQLP 826.4307 4142226 826.4549 4142347 2
VIEPNKITIN 1139.601 570.8078 1139.655 570.8348 2
IEPPVEEP 908.4294 455.222 908.4491 4552318 2
DLDAASL 703.3797 352.6971 703.3388 352.6767 2
GAVGAADAAQLQ 1070.569 536.292 1070.536 536.2751 2
LSVPGVK 698.4011 350.2078 698.4327 350.2236 2
AGGTAPLQ 713.3735 357.694 713.3708 357.6927 2
NVLSGONP 827.4178 4147162 827.4138 4147141 2
GAASITAAAP 828.4019 4152082 828.4341 4152243 2
NENGOAVP 827.4189 4147167 827.3773 414.696 2
ITAEGLKP 827.4189 4147167 827.4753 414.7449 2
CVKYLVVTVADNLLS 1635.858 546.2933 1635.891 546.3041 3
*Conserved or peptides with similar sequences have been red-colour boldened.
O F/0OE & =) Fell Z2|Hio|*E Ao T ZHIO|QEA M5 HI &5
Growth enhancement of probiotic 1solated strain 1 Growth enhancement of probiotic isolated strain

with Rice bran {Prebotic) extract 1 with Millet (Prebotic) extract

+=Ferm

E4F 235 M2 (Enzymatic digestion method)& 0|23t FZ&E= 0|2 ME(3
mg/mL) & 3 HE(Img/mL)2 AY€E Z2|HI0|EA(XOS)2t B|wsto{ ZZHI0|L
ElA strain 10| CHell M5 H23 250 =UAS.

- 600nmOollA =X St Spectrophotometer =410l 274st0{ ?/e] Zal= oAz} 52 a4
& 435t el FES0| Z2|HO|LEAZM Jlse LEHE 22 st Uctks A
2 LiER.
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2lulol2Elx AMZ BB & US HUSR JHE,

) Anbmicrobial actvity of Lactic Acid Bacteria [LAB) against cell free supematant and < 10Kda peptide purified

LAB cell free supematant against Pseudomongs < 10Kda peptide purified from
oeruginosa (PA14) LAB agamnst Psaudomonas aerugingsa (PA14) Zone of
SNo List of Lactic Acid Bacteria Zone of inhibition (mm) inhibition (mm) (Img/mL)
103 Fnterococcus foeckm CK-S 15? 16°
105  Lactobacilus brevis SDLIAT 5? oy
109  Locrobacilus plantotrum JDFVA4 n* 17°®
L2 leuconsioe citreum 5C53 nt "
LI7  Pediococcus ocidiatic SDL1AM 13 0
L1 Pediococcus acidilatic DM9 9* %°
L2 Pediococas pentosaceus MACT 15° ue
131 Weissello koveensis JBNU? n® 13"
L33 Pediococcus pentosaceus SDL1409 n' 5"

.&mmuhim&lxuhﬁxmltﬁhmmtdhnmmmﬂcIMMWMWWWW
(PA14) Values are expressed as the mean ¢ standard deviation (n = 3). Défferent superscripts “ ® © = * ¥ represent significantly different values (P < 0.05)

LAB #F2| gt &5 (In vitro £4)
22| 732 CFS2 < 10 Kda H EFO| =7} P. aeruginosa Ctfet =&F2| izt

S 29 S(Table 3). 37X F&t# #F[L. brevis SDL1411 (L05), P. acidilatici DM9
nd P. pentosaceus SDL1409 (L33)]<= clear zone0O| 19 ~ 25 mm=zZ 22 st
s 288 EXS. Enterococcus faecium CK-5 (L03), Lactobacillus plantatrum
JDFM44 (L09), Leuconstoc citreum SC53 (L12), Pediococcus acidilatic SDL1414
17), Pediococcus pentosaceus MAC11 (L22), Weissella koreensis JBNU2 (L31)2
Z+2t z|Aste| MESEHZE EAS(< 15 mm). ME2A (< 10 Kda) EHEO|=E= 242t
=

At S HEO|=T) Fotx|HAM g 4ol dakE.
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O
0=

=&t peptide?| & o|M=74F 7HM &31F (metagenomics)

SHR

ISP = ML Captopril
e e, S i < s
- e Fof|AH 2 A S MFAIF|H, B o|ME 450 #HEe &
F(Hel?) = MFSHK| &2 F (=)ol H|s Bacteroidetes/Firmicute

W Bacteria; Actinobactena;
W Bacteria:_Bacteroidetes:_
B Bacteria;_ Bacteroidetes; Bacteroidia
W Bacteriz;_Deferribacteres;
Bacteria;_Firmicutes; _
Bacteria;_ Firmicutes; _Bacill

Backeria;_Firmicutes; _Clostridia
W Bacteria;_Lentisphaerae;
B Bacteria;_Protecbacteria; Alphapratecbacteria
W Bacteria;_Proteobacteria;_ Betaproteobacteria
- B Bacteria;_Proteobacteria;_Deltaproteobacteria

CAPTOPRIL COMNTROL W Bacteria;_Vermucomicrobia;_Verrucomicrobiae
- g FollA F ES YFHAZS o, Y o|dEa50| HE 3
2 thx==oll Hlsh MzlZolM A SIS,

__ Others

__Vemucomicrobiales

__Desulfovibrienales
»__ Burkholderiales
=__ Rhodospinllales

_ Clostridizles
= __Lacobacillales
u_ Baadllales
u__Ervdpelotrichales
8 _ Defermibacterales
8 __Bacteroidales
m_ Sphingobacterides
u__ Corichacteriales
u__ Bifidobacteriales

CAPTOPRIL _ Haoplasmatales

- 2 ouE M3

0=

= ZAHE 8 532 7H& N-acylated 1t
Bacteroidales®| s=x& S7HMZA 20, Ol= Lactobacillales®| #2&
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== ENE X Uis 2R dEHdE 242 A.0.AC T (AOAC 1990)01| &=5H0
TEUH2 105C oY A=, mCEA 2 Kjeldahl 2 MEH, =X[2
Soxhlet's F&®#, Z=3[=2 550C ZT=2[=tHE 0|50 =435t} Ct ol HE=

HE2STH (Model NS-3P, Merbabu Trading Co., Ltd., Japan)E& At&35t0i =X sict.

=2 He 58 MEMEt AlEANe ofo| &t EMH 2 AccQ-Tag ® (Waters)= 0|-&35}09
A H &t &

T 75t =34t Iiﬂl FEA S 50
ot =5

EESE2 40 uL, AlZEY2 10 uLe HPLCOHl Felstof ool itE &
(column)2 AccQ-Tag C18 (Millipore Co. Milford,. MA, USA) oto| =4t
acid analysis column)& Al235H 20 0| SA2 0.14 M OIM|EAL LIEE (sodlum aoetate)
o} 10% Ez|oZotal (triethylamine)S 1% 24t (phosphoric acid) 22 pH 5.02& &t&
SN (eluent A)Zt =2 ofMEL|EZ (acetonitrile)S 4:622 =&t M (eluent B)S M
& 7l (linear gradient) A|74 & it

== MEMet AEaAe ofo|dt MFE EAZ ffet HPLCel =Z: ZEH| (Instrument)
Waters 1525 Binary Pump, Waters 717 plus Autosampler, Waters474 Fluorescence
detector, Z= (Column) AccQ-Tag column C18, A& 37| (Column size) 3.9 X 150
mm, 2Z20] A (Eluent A) 0.14 M Sodium acetate, 10% triethylamine in water, pH
5.02, =20l B (Eluent B) Acetonitrile : water = 6:4, T8 (Gradient) AccQ-Teg
method, 7% (Flow rate) 1.0 mL/min, ZFsAIZF (Run time) 45 min, T&H(Wavelength)

ex. = 250 nm, em. = 395 nm

O AnE AEMEFE (Food Composition E, 2001)2| ofo| =4 =AM 2 E}f 472 A0
Me| ofo|dt =M3f | EAM SO

Z MEE 243 a7 37 % 820 CHIE JGEs 24
=3%Z : Pediococcus acidilactici SDL1405, Pediococcus acidilactici SDL1406,

Pediococcus acidilactici SDL1402, Streptococcus thermophilus SCML300, Streptococcus
thermophilus SCML337, Weissell acibaria SCCB2306, Enterococcus faecium SC54,
Lactobacillus rhamnosus JDFMeO!| st F&2=2 MIFSE 255 EIleh 12-well plated| o

=

=

T=

=
=

ot

B 2HAIZ| A 12A1ZHS OF BB BEAS ALB S0 600nmollAl ERES SH e

o O [e)

Lo Aot X| (=) E B2l 10-1 == 2=5t0] ALSE

o|zt =2

g
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FEH Rl Jt25 = 241 (degree of protein hydrolysis): THHZA! Jj42 H_'.:_E Church £2| gt
| w2l O-phthaldialdehyde(OPA)E ARESHCHChurch et al. 1983). ZtEHs| 7[&sHH, OPA
EM2100 mM sodium tetraborate 25 mlL, 20% (w/w) sodium dodecyl sulfate 2.5 mL,
OPA 40 mg/1 mL methanol with 100 mL of mercaptoethanol2 Z¢&st0| S/FT=2 =HEF
I 50 mL2 THECH Azl gt s ME-XEXE HEO|=(5 mg/ml)E OPA 4(1.0
mL)OIA A20lAM 22 =S¢t H3AIZI =, SEE=(IHE 340 nm)E FASiC A|ZCHEEE | M
T&ol =0 FelE HE|=2| 22 C|HEIO|E Phe-Gly & EEIMoZFE ZHYsiC}.

If

O MEHMst 3 28 = =&

1) 24 33

e ZE FE20f ERE SPI(HFCHEIENE SHFS0 20% (w/v)sT=2 HI7IstD pH 7.022
=™Mgt 3% prozymee 0|23510{ SPIE 55COHIM 1A|ZF Sot JI238 8t &, prozymeS
H2M3t AlZ]7] flal] RLEZRI0|EE 0|&510{ 121 CoHAl HAe

2) & =3

o AEH A4F

— Lactobacillus species, Lactobacillus acidophilus (MTCC 447) % Lactobacillus fermentum
(MTCC 903) S o|2st Matdtg gl o|atetg #3E2 KTCC % ATCC(Korean and American
Type Culture Collection)ollA] €=,

« AEE #EES 0/88 Y&

--—

O
0z

- Yrl2E 121ColM 158 Sot 2EZ2|0|=25 o|gslol BaEt ¥, selals =dlsh| o
Algl. &ei{glo o|d8E AEHE skl (22t 1% & F, Lactobacilus acidophilus MTCC 447;
6.48 log CFU mL-1, Lactobacilus permentum MTCC 903; 6.30 log CFU mL-1)2| ==
7tstod 37°COlAM 0, 6, 12, 18, 24, 36, 48A|ZF =QF ZtZt vl 2kt

=~

.« A HAq
a = [ |

- 22 0, 6, 12, 18, 24, 36, 48A|2t ME=S 22 60 CAH M hot—air ovens 0[-33510{ 74X A|

Zl. ol 2E ME2 ZEz|ofgdl dio 2Esto] FIF EME W7EX] 4ColAM Eatst FIF 2

OSZ&= pH, MHAT, o|ME E = =Skl

= o = = o
AHo =5 = S
o CHAAE JlpZEoias FH A UHa

il
%
U
2
>
m
n
REY

o0

=)

0= N o
T
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MEXNME AlZAX =ME9o| HEO|IE =208 (Mass spectrometry)

ot AHEAMT| M2 LC-ESI-TOF-MS/MSE 0|-&35t0 & shh(of,

NISEM) ZEZA4 AXY).

on 4o
N

N

o I

HAZE7|2l Mass Analyzer (Quadropole/ FT Orbitrap)ollM &l 2F/51M 2knte| H|(m/z)oll w2t &

2| A&s5t0 o7l EHAHERZ siAMsto] 24 S&o HEF 2 O F=E 2ol & = U2
g

= = T
0§, ESH Metabolite ID software program= 0| 235t0] 229 88 HZE FHE = ch
XN EAE HEO|EZLS| &5, ofo| =it M MM U HE EAM0| Jtsoln{, SHE I/ &
o C|O|E{H|O|AE ST ME3d =M= HEOIE ZZIndgs d2 £ AUch

MEMeE AZAN =ME2| ACE inhibitor activity & (in vitro assay)
e =M E 2|5t0d ACE XNall &M 2 Cushman & Cheung(1971) gHHof w2t =& 6t

(Cushman & Cheung 1971). ™22, A|E 20 yLoll 0.3 M NaClo| &&= 0.1 M L}

= 2MY 2t5%(sodium  borate  buffer(pH  8.3))ol =9 5 mM HHL

hippuryl-L—histidyl-L— leucine) & 50 uLE 7tet & 37 COlA 522+ HMuf st o1 7[d|

OIX|QEIAl-| ME 54 % (ACE 0.1 Unit/mL) 10 uL & &7Ist2, &
Z

L
gHoz ¢ BHZo%ol| 1 N HCI 100 uL £ 7istof BHS2 HEmD,

m 0 oo

—

=7 BESAZIct BEeE =]

o2 OIMHIO|E 1 mLE 7tsto] 60x7t mitst & A E2[(2,000Xg, 5 min)3t ethyl
acetate & A5H 0.8 mLE M FEoO| FZIct o] AZH2 =2l0] 22 100COAM402 &
oF 25| A=AIZI Chg 7% 0.8 mL2 7t5t01 | E £2| hippuric acid(HA)E &afiAlZ!
T 228 nmollM SHEE SHMect =22 MallA glol €2 28 =M Hip—His-Leu
(HHL) 255 RelE HASl 2o =2 Stot. ofelf A AHAlof| w2l obX| 2EIA-| M2t 54 (ACE)
Mol E(%)e LIERSACE

OX| 2B A M2t §2(ACE) XNalil&(%)= {(Ec—Es)(Eb — Es)} X100

Zt A|Zz&0| tfsto45000, 500, 50, 5, 0.5, & 0.05 yg/ml A& F=H|sict A|lZ2E9
ICso w2 9 EFS=ZolM ACE Mall &84S 50% Xslst=o] Zest Ml (A=)
xo

|5, 2+ A| 22| regression curve®2 FE{ AASHCH
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Zajufo| 2ElA S4 7Y

185 Y9 F2olEdiu-3Y aEt AEJ|(HPLC-ELSD): 2 &2 Agilent 1260
M I=ZotEI2tE A|AE(1260 RID, Agilent, USA)S AREstod EAMSI20y  80%
acetonitile & 0|s&2235t0{ 1 mL min-128] FHFAHM EME. sE= 100g FW & mg
o2 FAIE XOSol ZEXxst= 2ol =™t HZ2 Isocratic solvent acetonitrile @ =
(75:25)2 o|l=sAH=Z AlEE. 30COIA Ashahipak NH2P-504E(250 mm x 5.0 mm,
Shodex, Japan) Z&HE& 0|&3 HPLC(SPD 20A, Shimadzu, Japan)Z =24{st% o0 A
mL min-12] RE2=2 &2 Zzlg. 24 YEol EM3st= X0S ol2le J|EtH &S A
HsE2| I8l polytetrafluorethylene(PTFE) membrane(0.45 um)S AF25H0] O TA|A.
X0S 20E Felstol S &rtEt HET|(ELSD, Varian, UK) (nebulizer = 50C =X,
2| 22 = 90T, & JtA = 1.6 bar)E AMESt{ EAMg. EF X0Set o|d F&
A

, SHE XOSk seet ez FM5I¥eH, SE& mg/glE EAIE

1o of
0

0

A7] 3YE(1H NMR & 13C NMR) : HPLCE ol &sto{ Z2|8t stet2S 0.1 M CDCI3
gaA174 NMR 242 AAIE. NMR A EZ2 Bruker DPX-400 F

00 MHze|l "C-NMRS =z=7e=z= & ztZ
Seta30| #=d|2h %2 LF(0.6mL)E 5mm NMR
L

2 ¢

o, 600 MHz2| 'H-NMR & 1
TMS7F Z=8tEl 1mL HEFE o

A
EEHZ £7 20CHA AHEHS =H

o

1
ok

Felof HEk MM FEAH(FTIR) : Etest=o| oist FT-IR AHEHZ2 Perkin—Elmer
Frontier FT-IR spectrometer &X|of| 7|E&. Z& M A|E= KBr pellet22 M =35t
4000-400cm—-1 B 2|0l 4.0cm-1 SHAEZ AZHE!

ARt 27| % ME M9l MEB YRl 27| 2 EW Met HlE °x 2AY| S7
4 BAMS EME. YR T7/E

.= =<
100(Horiba, Japan)2 £A35G o0 Xl 3|A =
-8 Moz AKX ™

X-ray =% 3[HH(XRD) : 3[H mEHE2 A20[A X-ray 2EA(XRD) (Rigaku miniflex
IC, USA)Z Z|E%} EF @ Cu (131.54 A); ZE| : Kbfoil ZE; M : 40 kV; M&F : 30
mA; AlA == 10 mm s—1; scanning B¢l : 10e80 rom; M| scale : 200.2.2.4.7.

g8 55 24 (in vivo assay SEAIH)

S= Ag2 Zetstn sSAd eI sS[(KIACUC, Ethics Committee for Animal
of Kangwon National University)e| &¢l& B&tot Al ==o st HE
‘Protection of Animals used for Experimental and other Scientific Purposes’ ol 2}

el shch

Zl2xel AEES=E2 x2l= (Obernier & Baldwin, 2006)of w2l & sict XXM =Z,
7/123del ¥R ®LF (SHR, spontaneously hypertensive rats) R/ & &efdtot (&
S EYY, SYLUESE(F) £t AuUSHHESEATL) (SHRs) 502|E & 222 5t
o 2% 9 gtk =AM (23°C, 12 h light/dark cycles) % AtR} &2 AF24l(ad
libitum) StHM 132+ M37|2kg AZch O & 2 DpAoAM HM=xE R Us s
L= 0lE &Ret F7E zondeZ2 ZH 7 Foietch £ Zo wel = el 27|

_38_



HEUSAMES SRe 2 £ F7E 24T SHoZ 35 Foist= WHS ALS ot
Ag2e MaXMsat MZ4K =MHE2(10 ml/kg body weight, n = 5)2 Fo{stct X 2|of
UM, SR F7|10, M| F 4AZE =, =FI7[EL(SBP, systolic blood pressure) & Al
8tE = (heart rate)& ChS AlZF HZ SHSHCHO, 3, 6, 9h). Oo|mf AW nEHQ RUFE
38~40 E 24K 5~158 JI2 & =00 Y10 THA|Z OIS HE A EUEH AR
=

E AESto] HIY HZ Y (tailcuff method using computer-assisted Non-Invasive
Blood Pressure equipment (LE5001 unit with LE5160R cuff & transducer, Panlab
Harvard Apparatus, Cornella, Barcelona, Spain. == PowerLab 800/ADInstruments)oi|
w2l na| sWekE EXstct. o Y2 direct intra—arterial measurementsOll 2|5t A

&5 AcHIbrahim et al. 2006). Zf SBP #t= F7F ™X| &efofl AS of AMS HX}

(disturbance)?t 8l= 53 O|&t AL EXSIH] WHGS ‘?:*"EF Heto| Hst= Xz2| HIZ
Mo 2 7|2 S™gtoll tieh x| gtimmHg)2 2 AHlAtsteh, M == CHSEHE A gtg A
== 22t 0, 10, 100, 1,000 mg/kge &7 F0istL 3A|ZH &= U2 =H™HeE 2ot E
Hlwstch F04 7(Z2H1F, 4324 8F, 12F) F F0o{2of| st Dose-response AlES
Tl stoh MM §3FE H|WshZ| 2|50 M tHEZ2Z captoprilg AFSSHCL
1] 2 3 |4
= _ .
h
[ e DH=—=100 ) e
i.-:“.-l' — —> :m 4| dndhibiiery activin ek . « iR
Degres of protem brodrolyses
a1 cfuml s 5P meia Recovermg b amolecais
AT AR B gl perpitdcd
a‘|. - 4 N _: -]‘:
\_:""; = % ol e
R =
Feedmg of '-]HH‘: N B :
'| Effectr of 5P prodem consamphion
o body wengha
Is. vee AsBepermemilie efzcm of 5P )
g €]
5
I, g3udQY in vivo assay BAIE.
sust 25 B
SHabsl EM T ME 2N 2 SSEIME DPPH 2iZ a7, & BelHs B,
Reducing power S 0|&35t0{ H7}st
DPPH 2iC|Zt AHE2 AR 0.2 mLol|l ethanol2 8358 0.4 mM DPPH % 0.8 mLE X
7tst 2&tst & A20|M 1027t BHE S & microplate readers AFESH{ 490 nmolM &
4E gt 5Yst = g A2 0|8s10{ 23 gts LIEMY.

. . . o _ AEXpm‘imcnt
DPPH radical scavenging activity(%) = (1—A7) x 100
Control

_39_



H = &2F2 Folin—ciocalteu's phenol reagent7t A|22| H =AM ztgt=ol os =224
Moz stelz|= 2|2 ES-e. 2 A|2 1 mLoll 2% Follin-Ciocalteau's phenol regent
mL, 10% Na2CO3 8HUZ 1 mLS &E7Itsto] Eatst = a20A 1A|ZF SoF Ehx(gh. a2
%S microplate reader (Molecular Devices, Sunnyvale, CA, USA)E 0|&35t0{ 750
nmollAl SZTE SHSIUCE EFEE R 2 gallic acidE 02359 20 0, 0.00625, 0.0125,
0.025, 0.05, 0.1, 0.2 mg/mLe S22 M =5t A=} st HHo=2 FEXst0] LIE}

LY
="

2 on

Reducing power= A2 1 mLoll pH 6.62] 200 mM ¢QI&F b5 3 1%2| potassium
ferricyanideE 2t 1 m{¥ Xt 2 7}tsto WEtet = 50C2| =40 M 2027 BISAIA.
7|0 10% TCA U= 1 mf 7}5+04 13,500XgollA 1522+ Al 222|510 25H 1 mLo|
T4 % ferric chlorideE 2t 1 mL¥ 2350 700 mollA SHEE Y. SEH2 A=

b2t ti=Ze| S&T HIE %a2E 2hiteh

o oo 2

2 ojME #& £M (Metagenomic analysis)

Microbial DNA FZ&: tfMd=o|M E2|= #Z52 16S rBRNA 2HZ(of FHE S ALEsH0d
HE. =El2lofe] DNA= M =Ate| X[Alof w2t PowerLyzer®Powersoil DNA® =2| 7|
(MoBio)E At835l0d 58 E20M FEE. M ES AME ME2 HEH3 Z0[7] 26,
29| of AAo| Mot &£ 5t01 PowerLyzer® R/l HIE 52 (MoBio)ol FHE =X
FastPrep—24TM 5 G(MP M| 2|st)= 2zt Alo|Z Alolof| 60 screakZ 43| 90 F7| =¢t
55 m/se £E2 MES dHss O ALEE.

Im

_°J' ke

a

--—

112 168 (RNA sfEl2io AR} 87 1M% 24 £53 sEl2lof DNAE 8= I8
ZZ0|/HE 0|Z¢8t 16S rRNA ZiH|2[ot FXAe| V3-V4 EIHHM ddo| £7| PCR 5F&
TP NEX o el 16SR_V4
(6'-CAAGCAGAAGACGGCATACGAGAT-barcode-AGTCAGTCAG
CCGGACTACHVGGGTWTCTAAT-3") and

16SF_V3(5'-AATGATACGGCGACCACCGAGATCT

ACAC-barcode-TATGGTAATTGGCCTACGGGAGGCAGCAG-3'). I3+t s+  lllumina
MiSeq AlH A S 2let O{HHE Zatstl USZ. 24 HE2 HZY ZE2l0|H o 422 T XL
0§, AI23l= PCR Al2F2 QIH|EZH AccuPrimeTMPfx SuperMix(£Z#H S 12344-040),
10uM 16SR_V4 Z2{o|M (1ul), 10uM16SF_V3 Z2to|H(1ul), HH[2 FS2[X

23 $H3S AM9932)2 Autstst PCR =42 Cta3t 23! 95°CollM 287 /X[ = 20=
S©°F 95°CollA 303 F7|(HF), 156% S2F 55°CE, 58 &2 72°CollM 1022t (EH&h) = o}
2a2|gh. Library clean—up2 Invitrogen Sequal-Prep Normalisation Plate Kit (Thermo
Fisher)& 2t2¢t. Clzel PCR ME2 &0 12ulQ! library E4sk= Ol AF2E . Library
SEE Z=H™oty| <fsll AY DNA DT BEAMHZ, Lbrary EZIE ZHsSH7| 26l
Bioanalyzer DNA HS assayE AlS& ™. Librarye €2 24 Z 715 AtA 2 ZHol1Z,
sequence= Massey Genome Service(Massey University)ollM 2x250 bpe| 17| Zo|E
AFESH= lllumina MiSeq ZIAIMIAM 3= Zd2l. lllumina MiSeqg sequencingollAf &2 H| 0|

i
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E{= Quantitative Insights to Microbial Ecology(QIIME)E AlZ35t0{ A& DNA E7[AM Y
S 9|5k 4urst 7| 2 350 bp, Z/TH 500 bpol 4 50 bp S ENEHE HLH
ol =M=z Myt 2 Fut =g xEske O AFSE A, 7|02t 2ZEgE S BHEg2
USEARCH 6.1} UCLUSTE AI25I0{ ID A 97%E 7|22 28 27t 2 25

AEZE . Green genes core reference database (version 13_5)& 0

=2 PyNASTE A5 AA|EH. RDP Naive Bayesian 2&7| |

= 742l Library 37[(33,906 ~ 196,843)0] Hal7} /S Zdo|11, ClM =X A Ao
o

AI’%E 3

HEEY 4+ Ut ol o7l ofE s Aol | B0l RE EE2 33,0018 & stsh A
2]

2.1 BiAIS EHYX|ZAHSCFA) B4 1 SCFAS XS Laial wide AR5 GColl ol

bl

=M E Zd(Richardson et al. 1989). H== AElOAM, 52 E=22[ 0.5 ~ 1.0 g=
eppendorf tubeE 0| &35t0{ FHE FHE

0.01 MPBSE U&H &2 = 5101 58 EE0| ™70 5 mM 2—ethylbutyric acid
TEHEMAT10)2 CHE. O =, MES d39d 225t =24 =28 20 2t
T8 SEH U2 3000g0AM 4°C, 1082 =¢t HArELstn A3H 500 ylg 2 m
eppendorf tubeZ 2|7 250 ple 55 Fit2e diethyl etherg& X7
k. &to| diethyl ether EHAHIZ MO|E = JUESF 10 59 VORTEXE 0[|335t01 = gts}0
10,000g0M 47TC, 58 St |MEeZle. GC vialolA diethyl ether 100 ule= 1%
butyldimethylchlorosilane (MTBSTFA + TBDMSCI, 99:1; Sigma—Aldrich)& ZFX|11 20 ple
N—-tert—butyldimethylsilyl-N—-methyltrifluoroacetamideE water batholA{ 80T, 20& =2t

I
Ral
==
ol
-~

FEeh ot HHZizt REXNSIE ME2 200 yl vial 71912 FHE . Mt RESHE 215
MEZS A 20|A 48A|Z2F St EX|et F| GCE ALSs EAMet. MED & REAMEHE ¢/t
W2 EZ=2Z 2-ethylbutyric acid xTEEE T

)

(5
Restek column (SH-Rtx-1, 30 mX0-25 m
system (GC-2010 Plus)oll CHst 2AM S AlA|E
131.2 kPao|n{, & J7tAs= 2LE

F2F 21.2ml/min, &
0 I
oflA 115°CZ &7k5tH, =& F7F2 60°C/minoi|

Z+5101 6°C/min
3 =. 7 Aol =2

o = = 260°C, &7 2&= 310°C=Z
2 2eFd(EEgHg 10:1)22 Fgh GC &H|+= Shimadzu GC Work Station
Lab Solutions version 5.32 Al&35t0{ A o{stl O[O[E{E Xelg. =& = OlolE{= umol

SCFA/g &4 s=x2 & ¥Z Z1E A3

[s13 A =
0. o=
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KIr
pifd

o

(ML-50 Moisture Analyzer, USA)E Al

oln
83

—
lIfe]

%0
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i
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A e
T

to1 105CollA 71 5t0
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Final weight(g) Moisture(%)
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3.015
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aofl
IH
Bl
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ol
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il
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Table 16.

HE ME

=2

oA HE

Strain

16S rRNA sequence

Latobacillus
rhamnosus
JDMF6

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381

gctsgegacy
atcttoattt
taagtgogog
gttcttggct
agttgogtoag
gccacattgg
acaatggacg
aaactctgtt
aaccagaaag
ttatccggat
cccteggett
gtggaactcc
gcggctgtct
gataccctgg
tcagtgccge
ctcaaaggaa
cgcgaagaac
tcgggggcaa
ttaagtcccg
agtaagactg
ttatgacctg
gtcaagctaa
gaagtcggaa
tgtaacaccg

tgcctaatac
aattttgaac
ataacatttg
gaaagatggc
gtaacggctc
gactgagaca
caagtctgat
gttggagaag
ccacggctaa
ttattgggcg
aaccgaggaa
atgtgtageg
ggtctgtaac
tagtccatgce
agctaacgca
ttgacggggg
cttaccaggt
aatgacaggt
caacgagcgce
ccggtgacaa
ggctacacac
tctcttaaag
tcgctagtaa
cccgtcacac

atgcaagtcg
gagtggcgga
gaaacagatg
gtaagctatc
accaaggcaa
cggcccaaac
ggagcaacgc
aatggtcggce
ctacgtgcca
taaagcgagc
gtgcatcgga
gtgaaatgcg
tgacgctgag
cgtaaacgat
ttaagcattc
cccgeacaag
cttgacatct
ggtgcatggt
aacccttatg
accggaggaa
gtgctacaat
ccattctcag
tcgeggatca
catgagagtt

aacgagttct
cgggtgagta
ctaataccgc
gcttttggat
tgatacgtag
tctacgggag
cgcgtgagtn
agagtaactg
gcagccgegag
gcaggeggtt
aactgggaaa
tagatatatg
gctcgaaagce
gaatgctagg
cgectgggga
cggtggagca
tttgatcacc
tgtcgtcage
actagttgcc
ggtggggatg
ggatggtaca
ttcggactgt
gcacgccgeg
tgtaacaccc

gattattgaa
acacgtgggt
ataaatccaa
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ttgtcggegt
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cttgagtnca
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gaagaggaca
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agatgttggg
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Raw cereal samples

1005 a
A Hl Captopril
80 Bl Foxtail millet
E.-. BB Rice
e
8 60 Hl Sorghum
i 4
5 §| Bl Black rice
Bt 3 Brown rice
=]
E 2 401 B Oat
H a 3 Barley
<L
20+ b b b 5
>
il =1 5 7]
Hot water cereal extracts
B 100
s
g _
aE Bl Captopril
e %07 Bl Foxtail millet
23 B8 Rice
E 5 Bl Sorghum
£ E 0 [ Black rice
3 = E3 Brown rice
x s6) E Oat
- 3 Barley
B-

Fermented cereals

10— a
a

80 [} Captopril
ﬁ* Bl Foxmillet
& ;‘ BB Rice
g‘g G0+ El Sorghom
2 .g B3 Blackrice
% E i 3 Brownrice
w2 O
E 3 Barley

2+

Figure 1. ACE inhibitory acticity of cereals and legume samples (A) raw samples, (B) heated
samples and (C) samples fermented with Lactobacillus rhamnosus JDFM6 at 37°C for 48 h.
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Raw protein and legumesamples

A 100= a
Bl Capiopeil
B0 = 15p
ﬁﬁ 3 Rice protain
£ B8 Black bean
?ﬁ) (iR B3 Soybean
5 e El Black sovbean
Ea
_‘E_ o g
§ &
20+ o [+ c
Hot water extract of protein and legume samples
B 100 _a
Bl Captopnl
B 1sp

B0+
[ Rice protein
B3 Black bean
BE3a sovbean

El Black soybean

&0

40+

ACE Inhibitory assay
percentage (%)

20+

Fermented protein and legumes

C 1007 a
@ Captopril

5 507 = IsP
b} -.b- [ Rice protein
L N & 2 Black bean
£ B3 Sovbean
§ E @l Black soybean
ES
w S
Wwa
=

20+

o= T

Figure 2. ACE inhibitory activity of proteins and legume samples (A) raw samples, (B) heated

samples and (C) samples fermented with Lactobacillus rhamnosus JDFM6 at 37°C for 48 h.
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2 Sojof et WRE MY ¥ ADHY B WIS FYHUS

o ARSE RAMFF= FETV|ZOM 7RSSt U= dFEQ L. anizonensis SC25,
L. pentosus SCA48, L. plantarum SDL1413, L. curvatus JBNU38, L. plantarum JDFM44,
L. brevis SDL1408, L. brevis SDL1411, L. rhamnosus JDFM33 & L. rhamnosus JDFM6
°| & 9& 2| Lactobacillus T3 AP*OFOE'OD:I z} -FL"E% T % 50| f =0 ofshod

37°C, 48AlZ+ Sob &
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A
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Q
ojo ¥

dte 3 T &g e Mol E™AM= L. plantarum JDFEM44 2! L. brevis SDL1411
o5 0|805t0 2t ME0| JIE =2 &Y &2 LIEH A S (Figure 3 and 4)

] W Caplopril
. L. curvanis JENUIS
E‘_ L. arizonensis SC25
B2 wd ﬂ L. plantarum JOFM34
%" 2 B L brevis SDLI4OS
? B ! citrin SC53
% g B L. plantarum SDLI413
wd B L. brevis SDLIGIT
3 B L. rhamnesus JOFMG
B ! rhamnasis JDFM33

Figure 3. ACE inhibitory activity of sorghum fermented with 9 Lactobaciflus species at 37°C for 48

h.

Captopril

L. arizonensis SC25

L. pentosus SC48

L. plantarume SDELI4TS
L. curvatus JENU IS
L. plantaram JDEMSS
L.
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£L.

ACE inhibitory assay
percentage (%)

brevis S T408
hrevis SDLILT T
rhtamnosus JIFMII
rlvaemnosas JINEATG

EI[JIIIIIIII

Figure 4. ACE inhibitory activity of black rice fermented with 9 Lacrobacillus species at 37°C for
48 h.
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e 3 LS fIsto] wE nfHoAe 2N HER2EE Eolsty| f/sto] = F =0|
AlRE 121 COHM 152 St 1 HASI L. plantarum JDFM44& 0| &35101 242+ 30°C,
37C % 45TC2| 37X CtE 2EoAl 2HEst, HiQF 48A12F =, HAtdo| M5 2243

100CollM 72 Xelstet | zh2te|l A|=of Cfst ACE

AlZ17| Qs MEZ2 108 Sot
inhibitory activitys Zl&is
48A12F SOF 30°C, 37°C, 45°CoIM MES 2EAZS W ACE ANalf &Mofl tist ®elo|
5+ x}0|7} LIEFL}X| Qb2 (Table 17 2 Figure 5).

Aol A 4] 2ZE 37°CoI22, £3o 7 AdM=S 2sf S§t

Table 17. Effects of fermentation temperature on ACE inhibitory activity

Sample Sorghum
Temperature 30C 37°C 45C
ACE inhibition (%) 88 + 3 93 £ 2 90 £+ 2
Sample Black rice
Temperature 30C 37T 45C
ACE inhibition (%) 86 + 4 90 = 2 92 £ 1.5
A Sorghum B Black rice
104 ” 100
* * B s0cc - o I 0-c
B 37 °C B 37-C
L B 45 _ H 5°C
iz iz
= B0+ = B0+
o E‘g
£ 8 a0 £ 8 anq
w i ‘
¢ g
20 20
0

Figure 5. A) Sorghum and B) Black rice samples (without enzyme treatment) were fermented using
L. plantarum JDFM44 at different temperatures: 30°C, 37°C and 45°C.
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o WEAlZio] nE Y 0| O|X|= HES =l 5tY| flsto] 2 gFo UFE A|ZHEZE &
TR 2ME Eolsi¥ion, 7 f2E 121CoA 1582 SoF 1ot HWHASIT [
plantarum JDFM44E 0| 235101 &2 AFIS. 0, 4, 8, 12, 16, 24, 36 & 48A|ZF St M2
ClE wg AIZFS MHSIo] TSt &) 100°CollM 10272t 71H3t0] 35 E8M 35 A7
T Ao ALZSIRS

e MZ CtE 23S AZF =HAM =t HES 0835101 ACE inhibitory activityE St &4
b, YEAZE0| Bt E S 2M0o| BSTtete A S =elstolien, SnEe 24
24A| 2ol A&S5t0 36 E 48A|ZH0AM = 2 X}O|E LIEHFX| 2UZ (Table 18 & Figure
6).

o [M2IM, E| Mo MEME ™ dHoz 4 Xa| F, 37COlM 24412 &h5 & XA sH=
N2 =20lsi =

Table 18. Effects of fermentation time on ACE inhibitory activity

Sample Sorghum
Time 0h 4 h 8 h 12 h 16 h 24 h 36 h 48 h
ACE
80 *+ 1 81 £+ 2 804 78++3 80 4 87 £5 8 £5 90 £ 2
inhibition (%)
Sample Black rice
Time 0h 4 h 8 h 12 h 16 h 24 h 36 h 48 h
ACE
78+1 81 05 78+t 4 76 4 80 1 87 £3 90 £5 93 £ 2
inhibition (%)
A Sorghum B Black rice
w :.‘Et 3ok 1 X ¥ 0 on
* B 4h . N— I @ 4h
B0 T Bl 8h B p- e of Il oh
g_ B3 izh 5__. =1 i2h
iﬁ B3 i6h a3 B 16h
E‘g,m' B 2 h E*%m mm 2ah
= £ 3 36h % ¥ O 36h
£ 8 40 Bl 45h 'gg,w_ B i5h
w i w
g 2
204 204

Figure 6. A) Sorghum and B) Black rice samples (without enzyme treatment) were fermented using
L. plantarum JDFM44 at different times: 0 ~ 48 h. Bars represent means of three independent

readings * SD.
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O &HEEHo|AM ACE inhibitory activityoll CHeF 2 X2|, E4Xz & 24 BHe| &1

o g I T EXzIf FaXelo e &S =elsty| fstod =/ A=} Prozyme
2000P =2&t=2 M =stil, water bathE 0|&35t0 50°C, pH 6.0 oM 2A|ZF S2F EXz|
= ME e XA A5 SEMSIAF|Z] 26l 100°ColM 102 SOt 7IE X2 E &3

o ZtZto| X2| o w2 FF7 2 =Z2| ACE inhibitory activitye= ChHS 2t 0], &4 2! 25
E4aXE, X2 o=z =2 M2 LIEtY (Table 19 2! Fi

i)

o M2tM, F2of AT ZHS 2o W=l STE 2ol a2 A YR E 0|2 SHSF

Table 19. Effects of processing methods on ACE inhibitory ability

Enzyme
Enzyme
Raw Heated Fermented treated +
treated
Fermented
Sorghum
15 + 2 79 £ 1.5 88 + 4 92.8 £ 1.5 93 + 1.5
(% ACE)
Black rice
14 + 2 84 + 0.5 89 + 1.2 90 + 0.5 90 + 2
(% ACE)
100+ c
. b = B x & & T [ Raw
® — 80+ B8 Heat treated
[77]
g 2 E Enzyme treated
s & 60+ Bl Fermented
s % 3 Enzyme freatment+ Fermentation
‘=@ 404
c B2
T}
82 2] 2
=
0_
& led
N
& :Z*'{\
o 3
@ @

Figure 7. ACE inhibitory activity of raw, heated, enzyme treated and fermented black rice and

sorghum. The ACEI activities of enzyme treated and fermented,




Figure 8. & ! & 5 3&
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No &5 HEH He|=A

1 Food Pro Alkaline protease

2 Prozyme 1000L

3 Prozyme 2000P shaking incubation

— 1 Protease

4 Alcalase (50°C, 150rpm, 3hr)

5 Flavourzyme

6 Neutrase

e Eo XM =2 UF 2L, tiFche b g Aot 2akg 242 M 5o 10% &

20%2| H[E2 =gst ol Z2f2| proteaseE 0.156% &7t <of

50CollAl 150rpm2 2
Eq
=

=
WHkStoy 3A|ZF SoF &4 Hi22 AZH2. EExeo =XMe C|XIE2 AT A (Brookfiled,
LVDV-Il+)E 0|23t A20lM 100rpme 2 £X351G 20 A Z=X|= centopoise(cP)Z
HZAE

o CHHA Folga M2 M oiF 222 51N gH=ol 50| & == Aoz =2kl &
oof, g2 Hof| vls| X2 Foll HE7F A Hashks A2 &HeldE . otd
M=ol thioh 10% E&tet 29 aaXi| =2 Mdas AKX EUA2L 20%7HK] &

2 |
ANZ 29 gaxE] MECH 50% olah It 3 Hastes A2 =2helE.

o 02 32

Table 21. Protease Xz[of wiE CfF EEel Mx Hst

CON 1 2 3 4 5 6
10% 3.67 3.45 3.59 3.11 3.89 3.64 3.54
| | soybean | 0.08 | +0.08 | +0.24 | +0.08 | +0.06 | *£0.13 | +0.08
Viscosity
(cP)

20% 20.7 10.97 7.61 6.67 8.14 9.90 7.00
soybean | £0.95 | £2.27 | £0.04 | £0.04 | +0.04 | £0.04 | +0.13
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CON 1 2 3 4 5 6
;?C{e 0.53 0.64 0.77 0.93 0.68 0.62 0.76
- ohice +0.01 | +0.02 | +£0.03 | +0.02 | +0.01 | +0.01 | +0.01
cP 9
%?C/; 0.67 0.45 0.42 0.90 0.51 0.68 0.49
ooe | £0.04 | £0.04 | +0.02 | +0.04 | £0.06 | £0.02 | +0.04
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a —amylase M Al S 25 A4EE 24 250 tiallM 7|2 ZM= HEUS AL25}0]
A =
=

H=o| ZotHlof wWE =49 Hal

Table 23. A& a-amylase

No E5 (!
shaking incubation
1 SPEZYME® FRED haxing |
(60°C, 150rpm, 90min)
o 1) incubation (105°C, 5min)
2 BioWin AG _ . . .
B | 2) incubation (95T, 90min)
a—amylase 1) shaking incubation
o (60°C, 150rpm, 90min)
3 BioWin AG+SPEZYME® FRED _ _ ) _
2) incubation (105C, 5min)
3) incubation (95T, 90min)

249 el =He A4EUS Mol 10, 20, 30, 40 ¥ 50%°| HIEZ
SPEZYME® FREDE 60COIA 150rpm2 2 wttslo] 9027t BHE A[F| 11, BioWin AG

105 CollA 527t BESAIZ] =ofl 95TCOlA| CIA| 90RZE BFEAIZI2, 282 48
85t A|l2+&= 60COIM 150rpm e 2 WHESto 90EZF 1XF B2 AlZI & 105COM 5
2t 2R} HESA[F| X, CIA| 95COIM 9027t 3% HIS S AZHS

satet 2o
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2 10~30%7HK& BT S| &AL 40~50%2] 2gH|of
Aoz gol=glon, HlIA Ao HEO| B =& AW
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of et A xolE 2=,

a —amylase Mz| 8 #&EH
Me dE7F 3AH MEst=
2 EFol=E saxe EI'_F Fo| =49 H=
SPEZYME® FRED+=
25|z ™Mot I &
T2 3A ASsHK =

Table 24. a—amylase A{2|of| W= AR2aoto] ME H{g}
CON 1 2 3
10% Rice 0.34+0.05 0.21+0.08 1.24%£0.05 2.40+0.48
20% Rice 0.36+0.02 0.24+0.03 1.75+0.13 0.68+0.11
Vis@%ﬁity 30% Rice 0.64+0.05 | 2.4840.11 | 4.50+0.06 | 1.41+0.02
40% Rice 2.87+0.03 2.72%£0.03 52.00£0.14 3.64+0.16
50% Rice 8.31+0.02 5.59+0.11 ND 9.25+0.08
CcCOMN 1 — - 3 cOoMN 1 "TER" ER
0% 4 2 sle 20% & 23 el _
CcCOMN 1 “3 I COMN i 2 3
= ‘ . - =
30% & 22 54 EHH 40% #4 22 S4EHH
COMN i 2 3

50% 4 22 BiEtoy

H
|'II
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Figure 12. a—amylase Xz[o (= AFE Lo
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M=Z=4 "It HUVECOIM L& T FE22 M=x SHE &elsty| lsh MTS assay
2 $A3IF 2. 96 well platedl 1x10°7#2] HUVEC MEZZE seedingst £, 24A|2F Sot
BiASIF S, 1 F &g thE FEES 2~20 yg/mlel sE2 Xa|stD 24A|ZF v k5t
Z MTS (3-(4,5-dimethylthiazol-2-yl)5—(3—carboxy—methoxyphenyl)—2—(4—sulfoph—
enyl)-2H-tetrazolium) 2% (Promega, USA)S Zt well® 20 pl# &7I5H0{ 37T, 5%
CO; incubatoroll Al 4A|ZF SoF BESA|ZI = 580 nmolA SEEE SHSIUS.
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Endothelin-1(ET-1) MM & &M £X: HUVEC MZE 1.5x10° cells/welle] 2
96well plateol] 2335101 24A|2F = TNF-a (20 pyg/mL)2} && OIF FE2E22 s TH(2,
5, 10, 20 pg/mL)2 Xzlstod 18A[ZF HiYSIS. L™l MSHs F ol
Endothelin-1 Quantikine kit (R&D systems, USA)E AlE35t0] ET-1 MAHHS SN
CHS el MEME Ax ol Mo w2l ET-12| &3o| FelstA S7tstes A2 &eldt
T UBZ. ET-12 &9 =50 525 2&3t= protein factor2AM 53| & 2fof
M Eetel MSof des &, w2 5ot MEXME A= ET-12] 4d s AL
S2=AM NEYOAM FaEo =SS Set EUXHE 7|50 e W= HIHE.
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Figure 16. HUVECOIA T et ME=Meh 2x2f PGE2 Ydol o|xl= Fg
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Figure 17. ACE inhibitory activity of proteins and legume samples (A) raw rice and rice peptides,
(B) soya bean and (C) isolated soya bean.

_72_



5t0{ =2 ACE oid #A42 Jixle |aR A32|Y

mjo

=

i

=N —
==

O MEE

J

e Prozyme 2000 X2|= #I71F 2} Prozyme 2000 A 2|=l Z27IFE =& =lg=l=l,
z|Ao| FAMA S MYESH| s =ZetE 22 (1:1)2 127HK a3z w5ty
=13

= a
e &l AMZE 71 el ACE dH &M s LE}

gk

_o'ﬂ

ied

T

fol

g'k
o5
30

kol rr

s

= Pedijococcus acidilactici OHER4Z

A=

2 ?lsll &=,

11592 7§ ==,

L]
o

gt 2] o= KCTC (Korean Collection of Type Culture)oll S
= = HE 202100682 Pediococcus acidilactici KCTC

Bl
l\) _||.|'u

3O
e RO
e
=
T 50
Q;
w ..
E A0
oo
L
B 20
-
Qm
"-:“M &\5‘3 %’x\% ‘QL— g@ ?;;’) }f‘?‘." &\@ &&f& = ﬂ_?}% 2}}:\ \;“\
SN OEAR r«»‘wx}\ R P g
‘..k "C} » (v, ,_Q‘ Q ’-C‘ s ‘Q };‘D ,{\?;.““%V “}%\«:S’ \:}}Q
- P : \\‘,s {;\ &\, A\N_ T e e
S ¥ 45‘» (}' \ -‘\‘X u g .\’\,‘ '-"w\’\' \&e&, (Q:‘f
Q‘«‘ﬁ’&v\@ 6\,& %;xzz g}s,\ V{\\&‘» \XR“%@\ «S‘é e Qy&{ 3
ST TN o PR
C R D VA S

Figure 18. ACE inhibitory activities of mixed rice and soya bean samples fermented with different
lactic acid bacteria.
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Figure 19. Effect of fermentation time on ACE inhibitory activity of mixed samples fermented with
Pediococcus acidilactici OHER4.
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OHER4Z L&A

A7
ot Aot Yy 2

3

st &1 & MES Pediococcus acidilactici
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Figure 20. Effect of fermentation temperature (30, 37 and 45°C) on ACE inhibitory activity of
mixed samples fermented with Pediococcus acidilactici OHER4 for 48h.
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22 odF =7 g oot =E2 wa + 3T S (Figure 21).

Glutamine 1
Pyroglutamic acid
Arginine 0.5
Aspartic acid
o-Aminobutyric acid | 0
Glutamic acid

Ornithine -0.5
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Methionine
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(dQ) swhzoid + aou payaieisaq

Figure 21. Relative levels of amino acids in destarched rice, Prozyme treated destarched rice (DP)
and fermented DP. Heat map shows the different levels of organic acids present in the three
samples. The color range from green to white represents higher to lower levels of amino acids.
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Figure 22. Relative levels of phenolic compounds in destarched rice, Prozyme treated destarched
(DP) and fermented DP. Heat map shows the different levels of phenolic compounds present in
the three samples. The color range from blue to white represents higher to lower levels of phenolic
compounds.
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SIER e ez dy

Glucaric acid l 1
Malic acid
Pantothenic acid
Malyngic acid
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Pseudaminic acid 0
Butoxyacetic acid
Hydroxybutanoic acid 5
Oxobutyric acid
Dioxohéptanoic acid
Binicotinic acid

Homocitric acid

Citric acid

Furoic acid _

Succinic acid_

Pyrazinoic acid
Pyreneacetic acid

Suberic acid

Sebacic acid
Butanedioic acid

0.5

Figure 23. Relative levels of organic acids and volatile compounds in destarched rice, Prozyme
treated destarched rice (DP) and fermented DP. Heat map shows the different levels of organic
acids present in the three samples. The color range from red to blue represents higher to lower

levels of organic acids.
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Figure 24. The relative levels of fatty acids in destarched rice and fermented DP.
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Figure 25. Relative amino acid levels in soybean, Prozyme treated soybean, and fermented PSB.
The heat map shows the different amounts of amino acids in the three samples. The color range

from red to white indicates high to low levels of amino acids.
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Figure 26. Relative levels of phenolic and antioxidant compounds in soybean, Prozyme treated
soybean, and fermented PSB. The heat map shows the different levels of phenolic compounds

and antioxidants in the three samples. The color range from blue to white indicates high to low

levels of the phenolic compounds and antioxidants.
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Figure 27. Relative levels of fatty acids in soybean, Prozyme treated soybean, and fermented PSB.
The heat map shows the different levels of fatty acids in the three samples. The color range from
green to white indicates high to low levels of the fatty acids.
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o Aptl MAME CFHE AEAXHO| Cisto] &2t 22tE A2l pepsin 2 pancreating
AMelst = Mg EHs510] oHHM S "It A 51 S (Figure 28).

e Pepsin % pancreatin®| X 2| Mol tisto] Mz| ol tHF &g A EZEAX e ACE
M2 JH 245K ol MAtEl /27 A5t LM E ot Mol |X|E= He 2 &0l

of MESMEM AZIIRIZE 22 A2 el = AUS.
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I . 3 Bioconverted soyabean (BS)
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Figure 28. Stability of ACE inhibitory activity of the bioconverted soya bean samples after treatment
with gastrointestinal enzymes.

O ME Mz=E 5 (BSB)el &8 &= in vivo "7}

- ME & diF(BSB)e &uget &

or

* SHROl BSBE MFAIZE Al 0| AH HLAZ 20, Captopri® BSBELCH SHRe| &
A2 O FolstH HAAZS. BSBE S w2l €42 YFA2n], 3F Xfol= BSB
o] 500mg/kg &S MFI8F SHRZF 50mg/kgel captoprile A %St SHRZt| =F7| E¢t
of Felst xto|7F eid=

+ BSB Y= Y& (H|ZEY) Fof 2ol &= n[x|X| FA=204, 500mg/kg M F et Fof
H|3 50mg/kg %s 71 DBPE O & =Hs5I¥ S (Figure 30).

e SHR+Captopril &2 71 =2 ¢ ZAE H¥ 204, 0/0f SHR+500mg/kg 0| & £HM
2 =2 g UA4E HY S, ESH SHR+50mg/kg 22 57| A4S AT X| L UX|
oF MMl €t SIS |FoolsHA HHMGHES.
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Figure 29. Antihypertensive ability of BSB. (A) Changes in systolic blood pressure and (B)
changes in diastolic blood pressure in the experimental animals.
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Figure 30. Effect of BSB consumption on feed consumption in experimental animals. The animals
in each group were provided with equal amounts of feed per day. Each bar represents the mean
of feed consumed by each rat (n = 5) £ SEM in each group per day (p > 0.05).
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Figure 31. Effect of BSB consumption on the body weighs of experimental animals. The animals
in each group were provided with equal amounts of feed per day. Each data point represents the
mean of the weight of each rat (n = 5) £ SEM in each group per week (p > 0.05).
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Figure 32. Effects of BSB consumption on A. serum low density lipoprotein cholesterol
(LDL-c/vLDL-c), B. High density lipoprotein cholesterol (HDL—c) and C. Total serum triglycerides.
Bars with (*) are not significantly different. Bars represent means of three readings = SD. NOR=
Wistar Kyoto rats, CAP= captopril, LOW= 50mgKg BSB, MID= 250mgKg BSB, HIGH = 500mgKg
BSB.
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— Alpha diversity
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Figure 33. The comparison of gut microbiota alpha diversity between each group, including
species richness (represented by Chaol) and evenness (represented by Shannon and inverse

Simpson index). Box plots with (*) were not significantly different (o > 0.05).

— Beta diversity

. 165 (DNA AIZAS Saf Dol MalZ 7ot AR Fo| TolM F 25 M2 Ay
Iézll-

. AEY HIE BlEoR 2D AE0| EAIEUE T THLMol el 2=, SHR
& MelZolM BXs 2alst BEE (Figure 34).
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Figure 34. Distinct features of the gut microbiota composition in the rat groups. A and B) PCoA
analysis of the 16S rBRNA sequencing showing in 2D view. Each of the dots represents data from
one rat and each eclipse represents the rat group they belonged to.
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o« SHRE ™Aoo H|s =2 Firmicutes/Bacteroidetes?| Hlg2 £ 2L, BSBE 435
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Figure 35. The effect of BSB and Captopril administration on the gut microbiota of Wistar Kyoto
rats and spontaneous hypertensive rats. The yellow sections represent Firmicutes populations and

brown indicate Bacteroidetes. Fecal samples were collected from spontaneous hypertensive rats
(n=5), the BSB group (n=5), Captopril group (n=5) and Wistar Kyoto rats (n=5).
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Figure 36. Effects of BSB consumption on Bifidobacterium animalis but increases Akkermansia
muciniphifla. . The different colors of the pie chart represent the proportions of the different
bacteria groups detected in the fecal samples.
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O BSB M=ol 2e|gt SHRe & =2 o|ME
o Akkermansia muciniphila®t Rumminococus ablusS| =& SHROIA wo|otA &A= gt

™, Bifidobacterium animalis®l &2 Ml$ =H LIEIGS.
« BSBE MZ# et SHRe| ZEollM Akkermansia muciniphila®t Rumminococus ablus2| +=&&
FolMoz ZIWNFI 2, Bifidobacterium animlais?l +&=2 LUAA|ZE2 (Table 25).

o Akkermansia muciniphila= tHAF 2 2| &EONo| S A2 s, Rumminococus ablus

£ 2 B XwMel A BFEE LHHUS.

Table 25. Top 15 most abundant bacteria in the gut microbiome of experimental animals. HIGH:
500mg/kg BW of BSB, MID: 250mg/kg BW of BSB and LOW: 50 mg/kg BW of BSB.

Wistar Kyoto rats

CAFTOPRIL + SHR

Muribaculum infestinale T
Limosilactobacillus reueri
Lactobacilius fohnsonii
Kineothrix alysoides
Turicibacter sanguinis
Phocacicola sartoril
Lactobacillux intestinalis
Prevotellamassilia fimonensis
Bacteroldes rodentium
Prewtella oralis B

uense B
thkermansis muciniphila
Romboutsia timonensis 1
Lactobacillus animalis |
Alistipes senegalensiy | 0.88%

Lachnoclostridium

LOW BSB + SHR

Bifidobacteriam ansmeliy N
Aturibaculum intestinale .
Turicibacter sanguinis T 11.78%
Limosilactobaciilus rester! I 6.24%
Lactobacillus johnson TR 5.11%
Lactobacillus intestinalis T
Lactobacillus animalis Tl
Ruminococous callidus 1l
Phocaeicola sarsorti W
Romboutsia timonensis W
Kincothrix alvsoldes ]
Alistipes putradinis B
Ruminococous albus i L
Alistipes senegalensis B LI1%
Prevotellamassilia timonensis | 1.16%

MID SBS+ SHR

Miuribacslum intestinale 20.20%
Rumimococens albus T1.25%
Turicibacter sanguinis 5.78%
Lactobacillus intextinalis 5.22%
Phocaelcola sartoril 4.89%
Alistipes finegoldii 4.45%
Byfidobacterium animalis 4.16%
Prevotellamasxilia timonensis 317%
Limasilactobacillus rewteri 31.50%
Anaeroplaxma bactoclasticum 335%
Lactobaciilus fohnsonii 281%
Clostridium saudiense L73%
Prevotella oralis 1.4%%

Kineothrix alysoides 1A%
Romboutsia timonensix 1.34%

HIGH BSB + SHR

Muribaculum intestinale B 36.08%
Bifidobacterium animalis B 10.84%
Lactobacillus intestinalis I 5.35%
Phocavicola sartoril B 5.17%
Turicibacter sanguinis | 4.38%
Limosilactobacillus reuteri £ 4.13%
Lactobacillus johnsondi 2.61%
Prevoteliamassilia timonensis | 2.40%
Kineothrix alysoides [ M%

ne

Prevotella oralis | L64%

Hungatella sylanolytics | 1L.35%
Intestinimonas butvriciproducens | 1.31%

Muribaculum intestinale | - 30.31%

| Ruminococos albss | T
Angeroplasma baciociasticum -9
Ahdermansia mml’m:hh =l 4.88%
Bifidobacterium animalis 4.21%
Alistipes finegoldii | 44%
Phocaeicola sartorii 1.99%
Prevotellamasyilia timonensis B 34%
Lactobacillus intestinalis Lok%
Bactervides rodentium L49%
Kineathrix alysoides 8 141%
Turicibacter sanguiniy § .32%
Limosilactobacillus reuteri L17%
Anaerotaemia torfa § L09%
Lactobacillus johnsonii B 2.04%

Wistar + HIGH BSB

Muribaculum ingestinale N
Ruminococaw albus IR 13.23%

Anaeroplasma bactoclassicum T 6.5T%
Phocaeicola sartori T 6.30%
Prevotella oralis T 5.86%

Preve 2 P

Ruminococcus bromii

Bacteroides rodentium B 201%

Alistipes finegoldii | 1.92%
Lactobaciflus johnsonii 1 1 14%
Intestinimonas butyriciproducens | 1.0T%
Ruminococens champanediensis | 0.96%
Limosilactobacillus renteri | 0.8
Duncanieila freteri | 0.80%

Miiribaculum infestinale I
Lactobacitlus insestinalis IR 9.16%
i Ruminococcus albus M 7 r‘?"::]
imosilaciobaciilus reuteri WM 6. 100k

abacillus johnsonii
muciniphila
Phocaeicola sartori]
Lacrimispora saccharolyiica ]
Turicibacter sanguinis
Bifidobacterivm animatis B
Ruminooceus cattidus B
Alistipes finegoldii 1
Kineothrix alysoides |
Prevotellamassilia timonensis B
Lactobacillus animaiiz |
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Figure 37. Association between A. muciniphila/ B. animalis ratio and blood pressure. Each bar

represent

the ratios of B. animalis and A. muciniphilla

corresponding blood pressures (systolic and diastolic).

in each experimental group with their
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Figure 38. The effect of BSB and Captopril administration on the major phyla of gut bacteria of
rats. Fecal samples were collected from spontaneous hypertensive rats (n=5), the BSB group
(n=5), Captopril group (n=5) and Wistar Kyoto rats.
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Figure 39. The effect of BSB administration on the levels of serum branched chain amino acids.
Normotensive = Wistar Kyoto rats. Each bar represents the peak area of the amino acid in the

serum sample.

- BSB &0l 28 SHR B AWM U ERED $F 24
Z 0|4 =0 MM5t= tHAL &b=0l 2o MU ek EA45HY| 2o Ma Eetat, SHRE
% BSB 43| SHRZO| 2 MBolM T XYa 2 SRASE CIAl M2 EAUS.

e SHRe| MM X|ghA2 ™A FHetFo| HIsH %2 £=F2| hydroxyvaleric acid, lactate 2
succinic acidE LIEILA 2L} BSBE % &F SHROIM = TEHA| X|2a =F=0| M E A S.

« EZEI A} AHEQl 2-oxindole—3—acetate= SHROIM Re|Moz ZAsSIF 20y, o=
Ot ElStA =8 2|ZtE &2 s5t0 Ao FAMHZ2 FX g

« BSB dF &= SHRel Ful old=ol ofsf Al &S eatsts 71s0l U=

2—oxindole—3—acetate MAtS SIIAZS.
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Figure 40. The effect of BSB administration on the levels of fecal short chain fatty acids, vitamins
and tryptophan metabolites in feces of SHR, WKYR and SHR fed with BSB. Normal= Wistar Kyoto
rats. Each bar represents the peak area of the levels of microbial metabolites in the fecal samples
of the experimental in each group (n = 5). SHR = Spontaneous hypertensive rats.
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O MEME AELMS XNE 42 24

26670 2| E EfO| =7} 2ol=[i 20, ACE inhibitory activityoll CHa Al 2 Lol A ZHE
2 2Y/8& A HAES2 o{2{30] 0] HEO|= ME2 HAMAQ ACE A HE

ol =517| 2I5H in silico 23 & (http://crdd.osdd.net/raghava/ahtpin/index.php)S
A

« HEOI= EGEQPRPFPFP, EITPEKNPQ, EITPEKNPQLR, FEITPEKNPQ,
PFSFLVPPQESQRR, NNPFSFLVPPQESQRR, AIPVNKP % PPNPHIGINO| 7}& E&35t1

e 2dE2 JHE A2z o5EUS.

O

4L

o [M2tAM, o] HENIEE g5t ACE  inhibitory activity® HAESHR
EGEQPRPFPFPZ} 712 =2 ACE inhibitory activitye 21 AIPVNKPO| & Hm =2
ACE inhibitory activityES LIEHHS. CHE HEO|E= 30% 0|2He| AXMsS EX S

HiE 10

rlo

Table 26. ACE inhibitory ability of potential ACE peptides predicted by AHTpin.

Peptides ACE inhibition (%)
NNPFSFLVPPQESQRR 10.6+4
AIPVNKP 70.4+5

PPNPHIGIN 0

EITPEKNPQ 12+5
PFSFLVPPQESQRR 15.8+7
FEITPEKNPQ 11.5£5
EITPEKNPQLR 24 .4+6
EGEQPRPFPFP 90.4+%5
Captopril 94 + 5
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Figure 41. Energy metabolism of gut microbiota in SHR, WKYR and SHR fed with BSB (high dose).
The color range from red to blue represents higher to lower degrees of metabolism. Values for
drawing the heat map were generated from 16S rBNA data fed into an in—silico platform

(https://piphillin.secondgenome.com/).
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Figure 43.1 Soybean fermentation for 72 hr (Cell growth and pH) LOT 1
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Table 30. Al4&h A2 TR =4
b £ E

- AldZ a
- H|1: 2HE = ZEEAI(0.01mg/kg) oI5t

BRSO 2455

Acetamiprid, Acrinathrin, Alachlor, Aldicarb, Aldrin, Amisulbrom, Anilofos,
Azinphos—methyl, Azoxystrobin, Bendiocarb, Benthiavalicarb—isopropyl, Benzoximate,
BHC, Bifenox, Bifenthrin, Biteranol, Boscalid, Bromobutide, Bromopropylate, Buprofezin,
Butachlor, Cadusafos, Captan, Carbaryl(NAC), Carbendazim, Carbofuran,
Carbophenothion, chinomethionat(Oxythioquinox), Chlorantraniliprole, Chlordane,
Chlorfenapyr, Chlorfenvinphos, Chlorfluazuron, Chlorobenzilate, Chlorothalonil,
Chlorpropham,  Chlorpyrifos,  Chlorpyrifos—methyl, = Chromafenozide, Clofentezine,
Clothianidin, Cyazofamid, Cyflufenamid, Cyfluthrin(beta), Cyhalofop—butyl,
Cyhalothrin—lamda, Cymoxanil, Cypermethrin, Cyproconazole, Cyprodinil, DDT,
Deltamethrin, Diazinon, Dichlofluanid, Dichlorvos/DDVP, Diclofop—methyl, Dlcloran,
Dicofol, Diethofencarb, Difenoconazole, Diflubenzuron, Dimepiperate, Dimethenamid,
Dimethoate, Dimethomorph(E,Z), Dimethylvinphos(Z), Diniconazole, Diphenamid,
Diphenylamine, Disulfoton, Dithiopyr, Diuron, Edifenphos, Endosulfan(alpha, beta,
sulfate), Endrin(dieldrin), EPN, Esprocarb, Ethaboxam, Ethalfluralin, Ethiofencarb, Ethion,
Ethoprophos, Ethoxazole, Etofenprox, Etridiazole, Etrimfos, Fenamidone, Fenamiphos,
Fenarimol, Fenazaquin, Fenbuconazole, Fenitrothion:MEP, Fenobucarb, Fenothiocarb,
Fenoxanil, Fenprophthrin, Fenpyroximate, Fenthion:MPP, Fenvalerate, Ferimzone, Fipronil,
Fluacrypyrim, Flubendiamide, Flucythrinate, Fludioxonil, Flufenoxuron, Flumioxazine,

Fluopicolide, Fluguinconazole, Flusilazole, Flutolanil, Folpet, Forchlorfenuron,
Fosthiazate, Fthalide, Furathiocarb, Halfenprox, Heptachlor, Heptachlor epoxide,
Hexaconazole, hezaflumuron, Hexythiazox, Imazalil, Imibenconazole, Imidacloprid,
Indanofan, Indoxacarb, Iprobenfos/IBP, Iprodione, Iprovalicarb, Isofenphos,

Isoprocarb:MIPC, Isoprothiolane, Kresoxim—methyl, Lufenuron, Malathion, Mandipropamid,
Mecarbam, Mefenacet, Mepanipyrim, Mepronil, Metalaxyl, Metamitop, Metconazole,
Methabenzthiazuron, Methidathion, Methiocarb, Methomyl, Methoxychlor,
Methoxyfenozide, Metobromuron, Metolachlor, Metolcarb, Metribuzin, Mevinphos,
Molinate, Myclobutanil, Napropamide, Novaluron, Nuarimol, Ofurace, Oxadiazone,

Oxamyl, Oxaziclomefon, Oxyfluorfen, Paclobutrazole, Parathion, Parathion—methyl,
Penconazole, Pencycuron, Pendimethalin, Pentoxazone, Permethrin, Phenthoate:PAP,
Phorate, Phosalone, Phosalone, Phosphamidone, Piperophos, Pirimicarb,

Pirimiphos—ethyl, Pirimiphos—methyl, Probenazole, Prochloraz, Procymidone, Profenofos,
Prometryn, Propanil, Propiconazole, Propoxur, Prothiofos, Pyraclofos, Pyraclostrobin,
Pyrazophos, Pyribenzoxim, Pyributicarb, Pyridaben, Pyridalyl, Pyridaphenthion,

Pyrimethanil, Pyrimodifen, Pyriminobac—-methyl(E,Z), Pyriproxyfen, Pyroquilon,
Quinoclamine,  Quintozene(pentachloroaniline,  Methyl  pentachlorophenyl  sulfide),
silafluofen, Simazine, Simeconazole, Simetryn, Spirodiclofen, Spiromesifen,

Tebuconazole, Tebufenozide, Tebufenpyrad, Tecypirimfos, Teflubenzuron, Tefluthrin,
Terbufos, Terbuthylazine, Terbutryn, Tetraconazole, Tetradifon, Thiabendazole,
Thiacloprid, = Thiamethoxam, Thiazopyr, Thifluzamide, Thiobencarb, Thiodicarb,
Thiophanate—methyl, Tiadinil, Tolclofos—methyl, Tolylfluanid, Tralomethrin, Triadimefon,
Triadimenol, Triazophos, Tricyclazole, Trifloxystrobin, Triflumizole, Triflumuron, Trifluralin,
Uniconazole, Vinclozolin, Zoxamid
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Table 34. &/ 332 Z&Hel 7|53
=gtEel 7|5
di &FA 5.83°
Hli &8 4.17%
B 2HC 3.172

1) S8txol 7|32, 98 T

2) SYUs EAH= A|RZF xlO|7} EEHBIK| 2SS olo|gt (95% AFFF)

e ME 7Sk Zul= ofefel met Z*s. &, B "= ARZEe| ®elX el o]
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Table 35. &% 3&2 MF 7|3

AP & ot 252 PIEN
i BFA 7.0° 5.172 5.672 6.832 6.33°
HY 2B 5.0% 6.17°2 4.02 6.83° 4.83%
Hf §HC 3.832 4,672 3.5° 5172 3.67°2
1) M5715 B8, 78 A
2) SYs RAH= AlRZE AO|J} EREA| S 2o|Et (95% AMEFF)
ME 4
Telg
o HHEH(ZAH 70%
e PAUSFYUEEY 0.5%
- 0|2 &g 2L 0.03%

M|

e 100% =AIZ2o=2 ot=E ZLM MEF

o Sto, RIM, &xAN &
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* LC-ESI-TOF-MS / M

wn
i
I

,0

48 LElE 24X x)d=E2

- 05 ¢E AEAT | LC-ESI-T
7} ol m MENEl A2 FatE

e FAMo=ZHEH =elE F2 HEIE MPZ2 in-silico platform
ALESH0{ ACE 2| &dol tH3S== MEel A32|doll ALSE|

raghava/ahtpdb/)

[L||0

e In-silico platform& o|&8t A~

Hoz g5 E HERIEZ  AIPVNKP,
DEGRQFPFPRPPHQ, LEPGDMIHIP & PPNPHIGINS| & 6
BHad5t0l Aol

U ooy (Table 37), 2zt
(Shanghai) Ltd.).

rom F1_2 wiff (semple 13- P1_2 Expariment 1. +TOF MS (200 - 2500
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e 13 (P1 ¥ P2) (Figure 52)
} 228 BEfo| =0} 5

(http://crdd.osdd.net/

AHESH

Figure 52. Chromatograph of
LC-ESI-TOF-MS/MS analysis.

the

bioconverted

soya

bean

samples
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Seldol et Ao ACE AN ENC JHsMo| gt
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=2(GL Biochem
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Table 37. LC-ESI-TOF-MS/MS analysis of peptides (<3 kDa) in the bioconverted soya
bean samples.

Fraction Prec MW Prec m/z Theor MW Theor m/z Theor z Identified sequence
5482577515 549.265 548.2594604 549.2667236 1 AIPVNKP
907.437439 908.4447 907.4399414 908.4472046 1 EITPEKNP
737.4405518 738.4478 737.4436035 738.4508667 1 TTQVPPHS
1167.612305 584.8134 1167.613525 584.8140259 2 ANIELVGIK
1906.940186 477.7423 1906.943848 477.7432251 4 DEDEQPRPIP
2201.091064 551.28 2201.097656 551.2817383 4 DEDEQPRPIPFP
1557.838623 520.2868 1557.841553 520.2877808 3 DEDEQPRPIPFPRP
1672.867676 837.4411 1672.86853 837.4415283 2 DEDEQPRPIPFPRPQP
1447.757935 724.8862 1447.757202 724.8858643 2 DEGEQPRPFP
1489.736816 745.8757 1489.746582 745.8806152 2 DEGEQPRPFPFP
1323.639038 662.8268 1323.645874 662.8302612 2 DEGEQPRPFPFPRP
1194.599121 598.3068 1194.603271 598.30896 2 DEQPRPIPFP
1104.549683 553.2821 1104.550537 553.2825317 2 DERQFPFP
923432251 462.7234 923.4348755 462.7247009 2 DERQFPFPRPPH

P1 1095.51709 548.7658 1095.519653 548.7670898 2 DERQFPFPRPPHQ
957.4856567 479.7501 957.4879761 479.7512512 2 DERQFPFPRPPHQKE
1170.527832 586.2712 1170.530518 586.272522 2 DKGIGTIISSP
1299.626099 650.8203 1299.624756 650.8196411 2 EDEQPRPIPFPRPQP
1223.583496 612.799 1223.585571 612.8001099 2 EGEQPRPFPFP
924.4880981 463.2513 924.4916382 463.2531128 2 EITPEKNPQL
1199.674438 600.8445 1199.676147 600.8453369 2 EQPRPIPFPRPQP
1446.717896 724.3662 1446.717651 7243661499 2 ERQFPFPRPPHQ
1042.491089 522.2528 1042.490601 522.2525635 2 FEITPEKNP
993.5288696 497.7717 993.5283813 497.7714539 2 LEPGDMIHIP
993.5288696 497.7717 993.5283813 497.7714539 2 LEPGDMIHIP
1194.546875 598.2807 1194.551636 598.2831421 2 PPNPHIGIN
1906.940186 477.7423 1906.943848 477.7432251 4 QFPFPRPPHQ
1649.805176 550.9423 1649.806274 550.942688 3 SGDALRVP
958.4696655 959.4769 955.5702515 956.5775146 1 SGDALRVPAG

TPMIGTLAGANSLLNALPEEVIQHTFNLKSQQ
P2 6055.18457 866.0336 605522168 866.0389404 7 ARQIKNNNPFKFLVPPQESQKR
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® MEMH NELN HE T2 713 2B 55 7

O 4Eds AEAM M8 T2 7k2 22O FTEY BS in vivo B}

- 4EME NE2N 58 3 JkE B YIY &5

« WEMNEAELN HE 52 7t 2& AlMES BSBe 0| 50, 250, 500mg/kgol F
HE S AMEZS =AMIRSH, SHRoI MFAIZS Al A2 IAH Ha=ALD AlFZ2
SEZ0 w2t 250 2SS

43  RAolM AHEZS MF S SHR+50mg/kg, SHR+250mg/kg, SHR+550mg/kg,
SHR+captopril 2| SBP2 ZtZ} 30.85, 39.3, 42.25 & 40.75mmgH &4351%ieni, 1y

oF x| 22X Z M0|= captoprilzt A 258 LIEIH S &0l51%S.
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. y © SHR + 500mg/kg

1 2 3 4 ;
Week # SHR + Captopril

=20

Figure 57. Effect of the newly developed product on blood pressure in rat. Normal Control, Normal
500: Normal rat treated with 500 mg/Kg; SHR 50, 250, and 500: Spontaneous hypertension rat
with treatment 50, 250, 500 , respectively. SHR—Captorpril. SHR—-NC = SHR rat without treatment.
SBP= systolic blood pressure
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Figure 58. Effect of the pilot product on the feed consumption by rat
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Figure 59. Effect on the body weight of the rat after treatment with PP. Normal Control, Normal
500: Normal rat treated with 500 mg/Kg; SHR 50, 250, and 500: Spontaneous hypertension rat
with treatment 50, 250, 500, respectively. SHR—Captorpril. SHR—-NC = SHR rat without treatment.
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Figure 60. The effect of new administration on the gut microbiota of WistarKyoto rats and
spontaneous hypertensive rats. The yellow sections represent Firmicutespopulations and brown
indicate Bacteroidetes. Fecal samples were collected from spontaneous hypertensive rats The pie
chart represents the entire gut microbiome and each sector represents a major phylum identified
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Table 40. Top 15 most abundant bacteria in the gut microbiome of experimental animals. HIGH:
500mg/kg BW of BSB, MID: 250mg/kg BW of BSB and LOW: 50 mg/kg BW of product.

24.44% T 2 Muritrrce irtestinate Bi%

cudiense 3 (5%
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