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oe *  Improvement of cardiovascular diseases
1 = Starch * Slow down CKD progression

= Circulating growth factors

* Circulating inflammatory mediators

——us Esophagus :
*  Reducing oxidative stress

+ Liver

Rapidly Digestible Starch

—— Stomach
" Large Slowly Digestible Starch
e  Intestine } _
} I] —+ miall Resistant Starch
Intestine

CAFA ARo] FFE+= =9 AlA A /iA &3K(Yang et al. 2017)>

Ny

- RSE FHAN AWl W 542 ERH, REHoz =48 3 AARSI,
o, Wrlsh ERBL A AR AARSIDTE 23 Y 7R RSFFL HE wel7] 99
WA MAY B8 F WAAE 59 e ARERSIDE olgSAY, HE BIH AR
of Hot4 HelE Fal TEE WIAAAURSN), fA%e B FYL FEshel 7

(A3t HAEY F/6irt et al, 2013)>

Designation Description Example

RSI Physically imaccessible starch Coarsely ground or whole-kernel grains

RSl Granular starch with the High-amylose maize starch,

B- or C-polymorph raw potato, raw banana starch

RSl Retrograded starch Cooked and cooled starchy foods

RSIV Chemically modified starches Cross-linked starch and octenyl succinate starch

RSV Amylose-lipid complex Stearic acid-complexed high-amylose starch
l&d A dA(nsulin resistance)s A Aghz}o] A4

=™ AgAd(nsulin resistance)> 3= RFF+ AEHY 7|Fo] BolA Axrt &
e BT ALt Xt Ae 2

Jded AFAHS Hvy, ndt, AR, 25322 A 3 A o, ARER 29,
T T O A8y AddAE Aer dEA =
53] ded AYHor QA3 Wne AFo HEAZAA ded E87F HARE B
old A dF T 8clo= st Aasdd tis) Aol AVIHA Jded TS
skl Zatdle o Al 2% Jdie] fid

ol FEAd Y AAAIANE Hilo] ofstw ARl AAAIAA =g e
o] ded AFAgol EH Hgko] 11 djle® yEhd

Jed AFAY TEZQA dJS g3ts # AA 2T Aoln 53] &3 F57)
wE dusl x5 e 33 gdtEoly 9w AJAF A o7 9 dsol el



FEa A4S FAs oT AT PF HUI M5 1Ed
<

= .
AL AAE wdFo=zA JAedNsADY AFHS 2

28 F7HAA Q€Y A
a7

- oA QEd AGHOR Qs A 28 FuWoE AWHE AL dANT F Ax
N2AQ PHE AR BrHE AT B APo] FA3 S AL ABIE 2
o] B9,

Insulin
Resistance

Developmentof
~ metabolic syndrome

Natural history of type 2 diabetes

Insulin resistance
Insulin action
T—
Obesity IGT/IFG Diabetes
15 -10 5 o 5 10 15 20 % 30 35

Relative Function
88888
T S T

Uncontrolled hyperglycemia

Years of Diabetes

KLled AP E FE=«= A 29

O Zuiv =3 tAbd dekate) Aai

- Al vAETd #EE dAfe] ATE fste AT A AW mAETe =A%
54 #Eo] 93 Ao Akintestinal metabolism)E 83t &= =
AT7ATel A AFHe] @Yt e BV 2AH AW =T =4S
S AASL s AU mAdeTe AddEEnt ohyst SAHAR As/dEe 4

P AR BHOE WeaT QlE

ol

- mAEA oo o3 AU AYE WH3le 93 fald U= A(endotoxin) EH) 2 AEIT
=7} g A9 ded AZAHL oprlstn o o

o & 3 Usa T/ AV A%
A3 A 8-S oF7]3k= metabolic endotoxemias B3 HrHele] AR EE FHEl FUt

T AT tiAg dEs3 AUndEe] duAel Rud bk As.
H v= A A7 oste], AU Eo] AAikete tAHEAQ] acetatert HITHES
frested Fa3 93-S doe Aol WA AW FFol 12 Aol I FHo A9,
AWy Eo] FAo] mH =Y, oS0l 93| acetatee] AAlo]l F713la, acetated] 23 A]
ojzFe] HEA| oA Qed ERI7F SUh FHRISEE dde] E87E Skt AL
2 Yehd. ol U E s A= EFo] Ho| AEE Hyozx HT g o
AreZTtol Y-S 7A= As BoF= AAQ] (Perry et al, 2016, Nature).
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RS content (%)

el AAXN

ada

nassare

saza
. 2

BT M AR RN

* A g

WERI Sainzsn

con 0.5 i 2 3 4 5
Citric acid (%)
GraAFATddA @Griete ety 2z dAstd = i Zeold A%
WEIE R 2l BRAFATYT TEOE ATY AEL TR dasy An)
g gstel Bn A A B4 2 g ABAE Ao 5U7 ALALT HES
g F Ae &4 S NI S
T2 U
e s suz A
- AW 2 5% E 1100Kcal |3 (4 T E 50%, A9 25%, Bt 25%)
EM~CHAT 2 : 312 T 700Kcal H3 (74 THE s0%, X 25%, EH=EHE 25%)
52 700~1100 Down
2 = e
HE (@-3kg &) e (20% ZH4) IGF-1(15% Zt) ST (30% L)
o 1. ~ = T\ 200 T\ 3 150 T\
D es 800 150 §,100
= 50 o0 100 E’ 50
<Ml ERAE 2R E 229 5 all = AlE A e a2
- e E T Y 22 5 dll= AE M E AFSE st @A 500 3] k=t 15097
B AUAE At fEB FORA GFT AW F P A WA B ¥Y=
A9 A 7 A a9E g3k
- 549 dlE A A ARS T AF, €9, Y vlole miAY QS FlstA S
2 oolUel P 9 UAAY, Thd 954 A% 9 =4 Asko] 5Avke] ghaiE: A

s A
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O F=w A8 943 71 5HAELA AT BE A3 A7V & AP

- @EAEATYe] B ATHS A A8H BED w9, Fu, n@gd g ATl
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Fig. 2. Dry-heating process of paddy rice
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Fig. 3. Pre-treatments for wet-heating process of paddy rice
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Table 1. Food grade enzyme used in the enzymatic pre-treatment process
Citric acid: Tri-sodium citrate

Enzyme Condition Dosage mixing ratio
Celluclast 1.5L pH 3.0-4.5, 25-60C 0.1 g/kg ® 75:25 (pH 3.08)
Ultraflo max pH 4.0-6.5, 45-70C 0.1 mL/kg ® 50:50 (pH 4.0)
Viscozyme L pH 3.0-7.0, 50-60C 0.1 g/lkg ¥ 75:25 (pH 3.08)

sk He 7t 549 A4
o FA8k FHG60CT, 3AIT), 120CoA & == 108 2+ 9 &
%4 4?4 % 3% citric acid &N T2 FHYH60C, 1-3

=
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Citric acid soaking
Water Retort Citricacid Temperin Dryin,
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Paddy rice soa 120°C 5
e 1.5keflem? 60°C 00°L 90°C 5 min R5CI R5C2 R5C3
50°C 5 or 10 min 13 h Overnight 4h
3h Omin | RI0CI | RIOC2 | RIOC3

Fig. 4. Wet-heating process of paddy rice under pressure
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Fig. 5. Dry-heating process of dehulled rice
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U B A dA 2E3 4 AAF RS ARt &6A 9t

QD SAY AZE A Y 95 AA
b 985 A4 2L w3t
D A=

2 A= A MG

Table 2. The ingredient information of cooked rice samples

RS rice Brpwn Pol@shed Micellaneous Lentil Oat
rice rice grain
1 50 - 30 - 10 10
2 50 - 30 20 - -
3 - 50 30 - 10 10
4 - 50 30 20 - -

b 57} 3y

A= factorial design 01] 9] sH Bl R R RCE RSV PARY

o w3 WA
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Table

3 A HAFES sk

3. The ingredient information of cooked rice samples

Sample name

Composition (%)

Polished rice RS rice Oat Lentil Total
W 100.0 - - - 100.0
B 80.0 - 10.0 10.0 100.0
RS 50.0 30.0 10.0 10.0 100.0
(Wb SR A5 d9 2 2Rkt 4
D A=t
SAY AN 89 9 ZugE A4S A% anlx 2ARE F 208 Y AR
Foslgon, o]5& BT AA4Ed HO100mg/dl) e ANz dAF oo
7} 474(20.0%), 16™H(80.0%)°] At}
2) B

3

nd'
d

AT EAE 459 HFe=2 F 33 Ao HHEgew, Ass GdwAd
(single-blind), x kA &(crossover triaDoll }s] F2F9l= w4 = 2l chrandomized). =3,
Ad AHste o2l 'l mA= dFE Haslstr] A3 dxAEFATA FHAE
N AJAAE A FtRoH, 2A o]Foll= HI AHA] FHYHE RIS A
AFPAAE AL Ao A7dEY =4 7] (ACCU-Check performa, Roche)E o] &3}

BEGS =231, vjaE A S(hungry)9t 22418 H1 4 HS(want to ea)E 98 H
=(1=d9 wjzA &, 9=vl-¢ W IHE SFFIAT. A Fole SAY AR O
A, &, ub/ekn, =Z7HS 98 7] 3 A = (9-point hedonic scale,
&  AAE @8, 9-UwE FHE BASRAT. AAE 208 W9
2 29 4 AR GRS, A4 A%, 158, 308, 608, 908, 1208vit g =

A

A== fF=A &5, =15 7= H7Isid

o

, 53 ¥4 T= .
7135 &5 SA Alm 7 Aol EAHEA(ANOVA, analysis of variance)S 4343}
of ol FATE d= A5 Tukeyd tsrlnE T3l Fo&E 5% FFolA &4

9] texture 4
o} FYU3 o2 HAZA Fg F Il FEWS FHs Ao EA

o] = petri dish(35x10 mm)ol] 9 g¥ A& T 1A7HESH A2 A
71 ¥F2 Texture analyser(TA-XT Plus, Stable Micro System,

Y
X

1
o

"
-— O
RO
o)
o
o
B
ol
o 2
L. |o o
é_‘a
i}
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England)E A3} texture profile analysisS(TPA)E A AISFE T 27 o] 20 mm<l plastic
probeE Al8-35}ko] calibration height 20 mm, return speed 10 mm/sec, contact force 50
g o2 =43t o] 7 Z(hardness)2t &2}/ (adhesiveness)S v nl3FS3 .

&P S N8 in vitro 2354 £
W AgEE BEAAZX 3 BdEste] 80 mesh AE EFAA B A&

zagpe s =

Zy A5 E 2 mL-microtube®l] 30 mg® 2 %, sodium acetate buffer(pH 5.2) 0.75 mL
of EAHAIFOH, AME AA 107 &< 37TCAA BAstAT TR E AT E4 &
oB-2 pancreatin (P7545, activity 8 <X USP/g, Sigma-Aldrich) 2 g& S/< 24 mLo] Y11
1087 wwkslk H, ol AAEFIHIL500xg, 108) 45H 20 mLE FH3| F/F5 3.6

mL, amyloglucosidase (Sigma-aldrich) 0.4 mL¥} &&3ale] A=zttt 2 A5 HAEo)
=21 tubeol 0.75 mLe] &4 8BS B3+ F 37C shaking incubatorell A 240 rpm o2
£ AIZH102-120%) nwtsty Zhgeiae vhSS XPAIZL FH, 2 tubeE 108%F

849 7HEd REES AASAT olE dARESY A Fo TEY FEE

GOD-POD assay& ©]-&3sle] #2435+t

) ZoF Tf SAF ANAF ML AT AHA 2AL
b A s
RS# 2ok Ffste SAW AAFS Mty Hstd, Hds 2opde] FazFs
ARtz 2o i W AR &R 2ARE AASAT AlEE RSE, A, AET
oo} Lopo] nl &S gelste] offo] :®of o] FA ST

Table 4. The ingredient information of cooked rice samples

Composition (%)

Poiiiiied Konjac rice RS rice Oat Lentil Total

Control 60.0 0.0 25.0 7.5 7.5 100.0
15G 45.0 15.0 25.0 7.5 7.5 100.0
30G 30.0 30.0 25.0 7.5 7.5 100.0
45G 15.0 45.0 25.0 7.5 7.5 100.0
60G 0.0 60.0 25.0 7.5 7.5 100.0

ANZ 800 g& FtAm Z]1(PR-7A, Aiho, Co. Ltd., Japan)& FAg I, Fopa-S #)9)3
Az00m], RSE, Fg, ALY FTHFe 7IFo= 140M 7hste] A7<E(Twin
Pressure Master Chef, CRP-LHTR0610FW, Cuckoo, Co. Ltd., Korea)oll 4] F¢EE==Z H
WEt Tk FHuk & ofo] A3 AFS ARSI oF 25 g8 ABE Mo A AE(AE
x o), 90 mmx21 mmel @1 F4E Bob AFugAAA MM e, Hem
of AlEE H#st H7F Al WHe] &57F 50£5C 7 HES gt
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() o sk v Al59 texture E2]
A9t FYEE 2HoE ANSE FE F UbdH FEWS HAst Add EA 1023 Uy
stew, o]& petri dish(35x10 mm)oll 9 g& AE F 1AZHE A2 AX3FATh
Z; dishell &% ¥r& Texture analyser(TA-XT Plus, Stable Micro System, England)& A}
&3}lo] texture profile analysis(TPA)E AAISA T 274 o] 20 mm<l plastic probeE Ak
£-3}o] calibration height 20 mm, return speed 10 mm/sec, contact force 50 g o=
Z=A3te] ¥reo] 7 =(hardness)¢} & 24 (adhesiveness)S H] w8t}

(th &¥AF =A

D A7ad=

2 3 SN AAFE TS HS A¥A ZAE F 569 AFudAE Hed st

Roed, G Aol Z+ 178(29.8%), 408(70.2%)°11th ol 59 HFIHL 34.7+85
03%‘1‘4191 BEXE 2urEwd 20012k 300, 40t) ool z+ 179(29.8%), 29

2) 7P
AT A= AR AMAE]] 7sx, 93, &, sHEkn, 227 g rsxE 9%
7132 =(9-point hedonic scale, 1=th©3] &2, 5=FA T HAAZ &S, 9=tt3] %%)i
Brrslg A, 2 Alsel tish £ 3 48 He /ws A FE(open-ended question) S
SHEHSATE F7F A, AR digd AAES flofr] s Asdd 529 Al AE TX]”%
x71etF o, A5 AAEAE 42 SGH-

ﬁ, [‘

2~F#Alo] W2)(william latin-square design)
< ol&sty A7 dExaA o3 LAE HAssIAUT I, I Y AR
g AAskE x4 ®2l(sequential monadic

e WE 2F BW ¥ 1o AR
ordene &AL, AZoh AR Abo]o
AstaA stk

& AE ATt =3adE Al

A
AN
N
o>
flo
Ho

3) B
55 T 7t zpol= EAFEA(ANOVA, analysis of variance)S F3)sle] <o}
Bk, A7 e A Tukeyo GEHINE B foSE 5% FEANAM Z AR
Bgks vwsdnh MgE e Ao s BAsed, 4 A8 £ Mg 4
< Hog AFHE B4 F A gre doe 1’41 Al dol2 WFa(AE =
‘ ’ 9ol

i

= h= 9 = o H 9 = —— ‘1—'—_'"1
(textual analysis)= &8st RIEE dolH k) o] “ﬂ 5% o]’del &H|A7E AFE &
ojgto] olF EAFH} AR I #A ANaHo =z Qofstr] 93l SE4(CA,

correspondence analysis)oll AF-&%| STt
3} R-studio(RStudio team, 2020)Z o] &3} < £°P9113‘r.

@) A% AE3s F4 FE3 2 AAE ANE
OhH A% AAF N
B Ao MatE A AE F3 BRSES 3 g A oA Fxg A6k

rlo
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As A4 ot ¥ 2P 808U L FF Bl L AF 2USRT B
2 PRSI % 250 AWtk B ANFL ST ATAEYAL @HIISET

Mol Fate] A @ sk

G M d5d FF i S4T AAFA I L8R 2A

b A x
HAFZ o7 MEE SAN AAE F 993 =4E ATl I 28 2AES DAY
om AL v Zrh Wn] 37.9%, 2o 25.9%, RS 19.8%, ZHR 6%, T
5.2%, AL F 5.2%.

(Lh) &vzF ZAL
D A=
SAE A A F g &vA A= 40t o) e AFNEATY F 1T FAEA L
o, G ool Z+ 14%(18.2%), 638 (81.8%)°]ATt. ©]E9 oﬁﬂeg% 46.2+6.541<
I, ol F A ¥4 #E oy /AT VAL JE AFYAAE sHoer AA Y
6.5% F~=°| ATt

-]

2) B
ATUAE AR AWAQ JEE, o, &, W, 247 O 7 EEE 9%

7122 =(9-point hedonic scale, 1=th&3] &+, 5=FAE FAE &=, =03 TH=
BrretAal, Algel tigk 54 T F=9 v, 22 AR, ZVE 53 A9 AH=UAR,
just-about-right scale, 1=wj-¢- <Fg}, 3=23g}, 5 - ZA3HE ol &3t HristAh Z+

oF [}
Ao dg £ d de e MLE A F(open-ended question)o.2 383+t
Azl dig F7HE 2T vkl & AFdAE AR 71 A ) ok BRE AFRekal,
AFol gt Yo, FHYFS 5 A== Fristar, M2l AE|&FrtA o
3 St olw, AFHHIL e 7led WMEIERHA =] He e st
(1,9704/7N)< 71E7HE o2 3 Xﬂ Aletth =3 Al AR 7RIS Ba A7}
7, BIRbe, @ xde drhy =80 2 A 22X 53 HAEE HUiedth

RN

3) By
Alg7e V3%

ot r] €14

T2 Bapoes dotrta, AFidAte] At V|axe] ExYHE
2E 2 (histogram)e &-&3AT. Alge SEA4AE U3 24 9

3]

- 49 -
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A & A ), Wdy &4 (penalty
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‘717 Q1S o7 53HH), 9d2E EX(textual analysis)S &
EABRAS  Xistat(Addinsoft, Paris, France, 2020)%

o ARY AR B o) Baew 54 Wl &4

D A=
o A=

0 Has M dFe =AM 2 @stE o8& dF<l Bacteroides
cocktaile o) 839, §87F 2 &% Hrte= QA AoA B3 Lactobacillus & 2%
(L. plantarum, L. rhamnosus)¥ Bifidobacterium <% 23%(B. longum, B bifidum)3} ©]ol tj
S5l= WAAEFE Escherichia coli KCTC24418 o) &35t9th. #F5 ujstry] 93 v =
Q1 M9 broth+= BDAHBecton, Dickinson & Co., Franklin Lakes, NJ, USA), 43}-& W3 g
o1& 9 AF8¥  digestible starch and resistant starch kite Megazyme(Sydney,
Austrailia), &3lIEALE Ao ALEH &4 P A= Sigma aldrich(St. Louis, MO, USA)
2HE FAst AMESAT

(Wh A8 H&E 23t 2RSE)

A3tE B4S 98] 7HE =& RS o] AFFHJY A A s A3t AuAERSE)
, xR oz Fxg wWuo) 2 Fuj(Pucontro)S F&3HTH RE A A
AR zsle Bdsiel § ARSI T

(2 54 W3 &4

Oh A&dd A& s 2o 23k 2A =Y A g
A, 9, 2% S 239e Bo AAE 2AER 8 F 500 mL2 HHFst] ALEEA
o AR F BAe HIbske] 37COA S5&E3 WA F lE #9, dF &Y
A7vete] 24z} 37C oA 2413t & T8l &3 HAHS BARSIAT o] W 43 AAgdE
pH A= HCI# NaOHE #7bstel 2438t 24 @A $8 Algnd ARE 353
o, 100Ce 10% A s T3l E45 EZAFS) 3t¥L, olgA 42 AlEE A%
g 3 FAUxE IPste] -18CoA BHAsiH Fx24 E4S sttt &% 9A &
2 3 39 HoA BEdt BastE o] 8FF BIFEQ Bacteroides cocktail S o] 83+



Table 5. Composition of artificial saliva, gastric juice,

experiment

and intestinal juice used in the

Artificial saliva

Gatric juice

Intestinal juice

Inorganic components

10 mL KCl 89.6 g/L

10 mL KSCN 20 g/L

10 mL NaH,PO, 88.8 g/L
1.7 mL NaCl 175.3 g/L

Organic components
8 mL urea 25 g/L

15.7 mL NaCl 175.3 g/L
3 mL NaH,PO, 88.8 g/L

9.2 mL KCI 89.6 g/L

18 mL CaCl - 2H,0 22.2 g/L
10 mL NH,Cl 30.6 g/L

8.3 mL HCl 37% glg

10 mL glucose 65 g/L
10 mL glucuronic acid 2 g/L
3.4 mL urea 25 g/L

Enzymes and other compounds added to mixture

145 mg o -amylase
15 mg uric acid
50 mg mucin

pH 6.5 + 0.1

1 g BSA
1 g pepsin
3 g mucin

pH 1.0 + 0.1

40 mL NaCl 175.3 g/L
40 mL NaHCO; 84.7 g/L
10 mL KH,PO, 8 g/L
6.3 mL KCl 89.6 g/L

10 mL MgCl; 5 g/L.

180 uL HCl 37% glg

4 mL urea 25 g/L

9 mL CaCl, - 2H,0 22.2 g/L
1 g BSA

3 g pancreatin

0.5 g lipase

6 g bile

pH 7.8 = 0.1

m \Mo—urhl_“ Stomach | e || {
1] control G@ cq? ;j

|l RS
Oral phase
composition

- simulated
salivary
fluid =
salivary
amylase

- pHES

- simulated

gastric
fluid =
pepsin

- pH1

{

Small
intestine | Colon

Human
intestinal

microbiome
- Simulated - Bacleroides
intestinal wuniformis
fluid <+ - Bacteroides
pancreatin vulgatus
+ bile - Bacteroides
- pHT8 ovalus

i1 1

Characteristic & Prebiotic Activity Analysis ‘

Fig. 6. In vitro digestive tract used in the experiment
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423t AE 43S W &S 913 Megazyme digestible starch and resistant starch kit

Tdste] EA5AT Al 500 mge 95% EtOH3} maleate buffer® 37°C oA 5&3F
% PAA/AMG solutionS #7}sle] 371C 2] shaking water batholl4 170 rpme]
24087 HrgAF o BFEF O 2= glucoses ol &3FATE 2408 oW A SHE
& total digestible starch(TDS, A 4stAE), 2408 o] F % A4stEA] e 2
resistant starch(RS, A &4 Aoz EF{3ATh RSeF TDSE 2+2t 34kstar, F
o Fo R F Fhs kst RS%E TDS%E Al4kst ATt

O o e
>

Me o

3) SEM £
nAl Tz AARANE FARAE
AAstRoH, 1203 =53 & JFEAY 2.00 kVelAl Ao mA|lf+xE Inlens
detector¢} SE detector Z+Z} 1000wH, 20000]2] wj &= #zslA ).

2 AR AR A8 2 I A vA AM &% B
D) T2 4EF i A B FE mdolA RSTe A P AN &5 B}

b 5= 2438 =d HA
D 5E 243 e

18~25 go] C57BL/6 mF-9-2=(7TF%, 3=, 305 AP AR&SAT of=d Ao]x(45 X

60 X 25 cm)ol A ARFEACH, 2T AR} E0] THEHT AAR AdF === 124
kol ¥, ks ZA3ttHam 8:005H ). 181 YA 25(20~24T) 2 F5(45~65%)
E #FAAA FAT vk A0 HSetER JdFA AvEy FuFT|E fAs,
ol Ee At = HdPHole AREA AFNES e, 7+ ¢ AT
A7 dAsta AR FEwe AEsth ol % TFRE 13F7kA AR olE FF
sto] HiRk Bl B A @AE FET ts o wAEe o) A= FEE 10mE Y T
Aotttk ol % 14FHE 2057HA A& AAPGAolE FH AATA o] AT o)+
ArRE 30%; A o]+ A FA BRF(15%)w; LA A o]+ 4 A ARHE0%) T o= 107}
gy dde AP B olwe AAHelE 5T 10 E AHgsian. s= 4
dol ZT2EFL2 IAFATYE 7IH T vy 3 AL ede 3T (ACUC
<1 s KFRI-M-21030)

Table 6. Animal grouping and group name diet

No. Diet Group name Mice
1 Chow diet (A7d21o]) Chow diet 10
2 High-fat diet (ZLA]%2] o)) High-fat diet (HF) 10
3 HF+& vk 30% (@79 30%T) BR 30% 10
4 HF+RSZ"E 15% (RSZERF 15%) RS 15% 10
5 HF+RSZRE 30% (RSZER 30%) RS 30% 10
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SEAFA ARET nAGAelet A g A AYS EAT
(DooYeol Biotech, Korea)S %3ta] A 2Hah9 oM,

o AR AMES B AEE BT HEE & 52

Table 7. Composition of high fat diet and samples diets used in the experiment (g/kg diet)

High-fat diet

g, 60 kcal HE) HF+BR30% HF+RS15% HF+RS30%
Casein 265.0 185.50 185.50 185.50
L-Cystin 4.0 2.80 2.8 2.80
Maltodextrin 160.0 112.0 112.0 112.0
Sucrose 90.0 83.0 83.0 83.0
Lard 310.0 217.0 217.0 217.0
Soybean oil 30.0 21.0 21.0 21.0
Cellulose 65.5 48.85 48.85 48.85
Mineral mix 48.0 33.60 33.60 33.60
Calcium phosphate 3.4 2.38 2.38 2.38
Vitamin mix 21.0 14.70 14.70 14.70
Choline bitartrate 3.0 2.10 2.10 2.10
Blue color 0.1 0.07 0.07 0.07
Brown rice - 300 150 -
RS-rice - - 150 300

W A 2= 70 &5 B7t
D vkg-2=9] AF, AT W3 8 AHE 3
[e]

vheol AF WEE 159 1402 o4 W04 AFE S4skel MSsaon, 7

R0 FRE FYT BFRE 10FAA 7 HolTe AR HAFS FHRAL A
WIS hF e AR F ZHS] v @ vl HolFe Ao,

o2

2) whgzo F

)_l
[\)
>
li}l_z
)
> 4
ok
2
i

3) Ph-2=9 75‘—?5&3%1?—’5‘}74 AHOral glucose tolerance test, OGTT) ¥ AUC &4
A
AZE o] ARt ddsEe o8 99 A A 99 5 AAS glucoseE 2 glkg

o 30&
D5 HAAA g9 =24 & dg Wzl 349 W2 (AUC, Area under the curve)S -8
z il

a1 23T

O
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g PRS0 3E YY
A5 ed A4

resistance index)=

AEd AL 2 ExlFe A
A FEZ A HOMA-IR index(Homeostasis model Assessment of insulin
2 g 9 g Qed BEH|sS =45l &3t

_Vi

o}dﬁ

5 wpg-29 AA FA L AR ojn| A 7
kg0l AAY FA L AXY o|uAE FAsr] fste] olF YA AxHd g
AlZw(Dual Energy X-ray Absorptiometry, DEXA) =49l InAlyzer(Medikors Inc, Korea)
ZAHE &831% 2™, High 80 kv 2 1.0 mA, low 55 kV 2 1.0 mAZ ¥4 21S AA
sttt 548 Fol k=Y A Y3 exE WAS] fsted, mHEAIG%
[soflurane, VIV 2 &3 AAY. &F v ZF, vp¢2o 3y gygs oz we
M2 2270 A0 v X3t} InAlyzer softwares AREste] & R3S oln| A& F3 A
A ARE 53

6) I}-¢-29 I Z¢ v Z, ALT, AST, Adiponectin, Insulin 3% =4
A2~ 8f aAg2A o] El ?ﬂ%“é Anre] o] A 215 AlFolA 1241 35 Fof 3
Fole dF T 2EHE, AEE Fd2HE, 14E ZE2HE, AST, ALT 5 A
38t &4 AHl (AU-480, Beckman)& AhR&sted FA3tdth ded &S ELISA KIT
Instruction(Crystal Chem, ELK Grove Vliage, IL 60007, USA), Adiponectin® Mouse
Adiponectin/Acrp30 Immunoassay(R&D systems, Inc, Mineapolis, MN55413, USA)E A}-&3}
of E435tt

=

7) Hematoxylin and eosin staining
vhp-20] aApgAe] 8l A el o] HF 2154 o], 12413 & Fol & F-3)
of b g WS 10%viv) 14E i
gttt U@ ym»e ety zF dH
ot BE HHe 33t A (Olympus D970, Olympus Optical Co., Japam) 2.2 A AF3} ST

ol AR AR A Ao A AA AX 'S Fr}

D ARE A& 23 2o 3 a7 FHES 374
b AZd D Zsk 4 RS
7hold sEE ZAoE Azxd RSE A 22 AL&E}
L FFo uE AT B 2 AR
3t ATh

rr
A



Bifidobacterium 2&-& 0]%6}%{211], AU Fllde 2 Ecolie ©ol&3tdt. H7F Als 3t
AU #+ 352 &5 prebiotic activity score®Z B n3FH T

Wl 98l Lactobacillus 5% MRS HHX]E o] &3taL, ol wjiY¥=1d-2 pH 6.5+0.2,
STColA 484 AR miFAIHeH, Ao 27442 SVl T2 xRE B
AxzdgN A& 53l +F5 REANAHAY. Bifidobacterium 2 E. coli 75 5% sheep
blood®} 0.05% L-cysteineo] X3&-¥ TSA vjAZ wjFstH o, 37C 2 48~72A|ZF w3}
Ao, HAY FrIdHFoE FrixHoA wlgFstAaTt.

(th Prebiotic activity 37}

Prebiotic activity score #2412 3k wjF wjA]+= glucose 2 g/L, CaCl, 0.015 g/L, MgSO,
0.5 g/lLE #7138 M9 broths Al43tdth Aoz B wge Ay 7+ #39 Zzy
E ZF #Fol sigste aA Ao E=Eekar, 37C wi ] oA 24~48 AIZE 1xF WS o
£ o]E oA AAEA 10 mLol| HE3te] 37C HiET) oA 24~48 A|ZF 23} vl ST
M9 wj Aol o HiFN 1%(v/v)F} o) =T (glucose) 5 mg/mL & AFJB ARG HEF 5
mg/mL& St FAI0AZD), 24~48 Agto] At F wlo]A2 ZFHOlE Hr|E AHS
st 600 nmoll A FFEE &ﬂo}caofq o] ZFS ol#fe Ao st 7(1—14] ol
3+A (prebiotic  activity score) FX|Z Aot olwl, FANERTOoR ZHESIIY
(Fructooligosaccharide, FOS)& 5 mg/mL/] =T 2 o] 839 th

§ g i g (probiotic log O.D. on the prebiotic at 24 h — probiotic log O.D. on the prebiotic at 0 h)
Prebiotic activity score = = =

{probiotic log O.D. on glucose at 24 h — probiotic log O.D. on glucose at 0 h)

(enteric log ©O.D. on the prebiotic at 24 h — enteric log O.D. on the prebiotic at 0 h)
(enteric log O.D. on glucose at 24 h —enteric log O.D. on glucose at 0 h)

H3l+= pH meter(Orion star A211, Thermo Fisher Scientific)E o]
&3t 33 SAHsta B FTAE AHESART

TEAY T8 T AITES 12A AN ofo| RS o] &5t wlHE HE
o} F4E ANt HEHAA QAT dAes FuAZ F HS FE st violLw}
75 A%t ol &ttt A4 AFFEERH A AL HAEFstY HolE SAHS
qom, -80C ol A 1742 B3at o

(h & =2 i oad i &4
| =21-& Pro-prep protein extraction solution (Intron Biotechnology, Korea)<S 3 7}s}
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anti-claudinl,
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7h AR AR dFel A3dE S48 vhea g
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02N g

g7 EA4 &4
<571 A STk A& olF
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FEANA 8

I FEA

o]% A

g %
s,

Al BE

1=}
(Cambridge,

g+ A [anti-ZO-1,

anti-occludin,

uspet 2z &AQl
HRP-conjugated anti-rabbit antibody$} anti-mouse antibodyS ®WH3-A1Zl & A= Wil & o]
ZEE ChemiDoc XRS+ imaging system(Bio-rad, USA)Z &RI3s}At}t. p-actine Zhz}e]

A st A7 frro s AHFEAT

.

I~

of Fol YERIAH. B F
o

vl fojHow  FrbsEA

A 7+E 34 47
o% el $AYE © 53} 54 wWa
5% 7hE ¥ 4 54 W5E e
FHYELS U2 (75.2-86.9%)
B A7 Avsh e 2
stol 9% 3he “hEhiS

J

. olek o] 7t FA el

™
Rtk ALAE Al FAA A Hle)
%

FF At AS Azxstr] 97

Table 8. Head rice yield and gelatinization properties of wet- or dry-heated rice

Sample HRY (%) T, (° O T, (° O T. (° O AH U/g) DSG(%)
Waxy rice control 86.9+£0.7 62.5+0.1 71.8+0.1 83.6£0.0 11.7£0.7 -
(Dongjin) wet-heating 90.3+0.6 72.3£0.6 80.7£0.1 90.1£0.6 1.7+0.1 85.4+0.8
Normal rice control 76.0£3.2 61.9+0.5 69.0£0.1 77.2%0.3 6.6t1.2 -
(Sindongjin wet-heating 89.5+0.3 68.2£3.3 75.3+£0.4 83.0£0.4 0.4%0.1 83.4+0.8
High-amylose rice  control 75.2x1.1 67.9+x1.1 79.5£0.7 90.2x1.1 14.3+1.8
(Saemimyeon) wet-heating 89.7t1.1 80.1£0.6 86.1£0.2 93.4+0.4 2.0£0.3 85.7+£1.9
Normal rice control 76.0£3.2 61.9+0.5 69.0£0.1 77.2+0.3 6.6+1.2 -
(Sindongjin dry-heating 97.0£0.0 69.1£0.2 74.7£0.2 85.8+1.1 2.7%£0.3 62.7+3.4
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Fig. 7. Hardness(left) and adhesiveness(right) of cooked rice according to wet- or dry-heating

(th 7FEae] 0] B4 %7}

B4 4 A 2T FAE 4L ek 7d°,—5_‘7}1 S gste] Hu 3
stk tETS 3 e AwA 5=} A Mgl BriEUow B
=W A%, B84, S, B S FoH 'M% BolA go} L
Wt o AR AW Y B 54 YAt BH T4 G FEE 4E 8
A FAHOE (pK0.05) A B hHC], Fo) Bl FHHU EHL 1} 2 7]
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Fig. 8. Sensory properties of cooked dry-heated rice
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Fig. 10. Appearance of polished rice according to the different pre-treatment of wet-heating
process
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wet-heating process under pressure

C.A soaking 2h C.A soaking 3h

C.A soaking 1h

£
-
=
w
Ed
1
S
A
L]
&

Retort 10 min
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Fig. 13. HRY(line graph) and RS content(bar graph) of rice according to the
wet-heating process
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Fig. 14. Appearance of polished rice according to the steaming time of wet
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Fig. 16. HRY(line graph) and RS content(bar graph) of rice
process
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Table 9. Properties of cooked rice according to the type of organic acid

Sample Citric acid Malic acid Lactic acid Tartaric acid

S hls
AR
RS(%) 5.78+1.16 5.82£0.30 5.22+0.18 5.27x0.15
w744 9,000 /kg 11,0009 /kg 16,0009 /kg 16,000 /kg
(2021@)
2 7714 v =
Fr714ke w2 AEH vhgste] A& 44 -OH71E dAE + A= CO0079 5%
of AHAHoT AAHER, AAHY {74 FEF =575 7FEF3AH F esterification
2 o]& <213 cross-linking TF+2E FAT £ A= 737 =4 F oAk a2y
esterificationel] 3 WA B=r} /TS AR Lol UMt & 571 o
A = Jdon, mgetA Ao B& 9 337 oA wet Ik &y 2o w2
o] Z2YHA ¥ F UTh
T3 =2 w9 Ak o3 HAEe AbrbgEd|(acidic hydrolysis; lintnerization)2] 71s 4
Aol ZhrRsiEo] exn 7zt opd Repr] FejE Fo]
|

=
x5 FUkskr] dEel, &
B wgre] EF4o]
Ao A AR Fd#HFS AUE Y F AE G714 B2E Z2AHF)
et HAY W F714He] wxo wE A AR S AHsiia

o> 1o
okt
N,

N
N
52
I
off

Table 10. Properties of cooked rice according to the concentration of organic acid

Sample Control MA 1.0% MA 1.5% MA 3.0% MA 5.0% MA 3M
FHwk
A
Wl #3
0 5 4 4 0 0 0
wel Az et A Fosk A% Fegh fol B4 ol B4 AZn W
I EAR S R P Fo % Gs Rt BEY
RS(%) 1574002 3664004 5824029  684+0.30 5064016  2.67-+0.07
B = 0 1 1 4 5 5
(0-5)
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SR 71E AFoA BRud HF 203 fARRE 20| tHKim et al,, Combination
of rice varieties and cooking methods resulting in a high content of resistant starch,
Cereal Chemistry, 2020). 22y 3.0% ©l3e] fF714t w52 A8t Ax3 AoA=
A Aol WEs JFehAl Xt o]l HA s A2 #AFHUG o=

YL Ay gE

e

=
[e)
of A Aol ol oAl ad Aoz BREHAUD S
]

() 7FaRES Azbel WE AFHE FF 2o AW B4 @ A3 AR T

dA g FAHL F714F BApel g0 olF) anhydride Feje] EATFxE A, &5
%3 "3 2 anhydride acide} A& Ex}o] -OH~| 7t ester T+2E PA3lr] Y T4
Al @ FAolth. dAE FAe T8 ¥HTE 259 ARIH, ¥ 2EqANE ¥F
Hh-g-o] £QFHE Azlo] AYAA o8 AHW @53t £8FHE FAUAE
Z835] AFstr] olfgoh wetA gAE &9 e A9 AT AHE niR o R 3
o FEI] =2 &= FA U A A% AFE 7 UHE AN(AERT], E22H
BIE T8 Jhed 219 130CE 1A, Y 2504 FdE Ttk FEATH
e A Ao g 9 HRE EAS vasit

ob A EslA ¥e duk dujAl 5 (ConDE A ZSF e 1.57%2 AdAH AE =S U}
Ak A frlate] FHEA RS 53 Eol HASI YU FHOE FI AR
(Con 2)& Conl °f Hlale] A A A& FFo] &% FUlstAh wabA {714k Bl
o] 3 & dxywtorr SR g (Heat moisture treatment; HMT)2] & xtoll &3+ A
g4 AE FUE F2F F ASS FUsI

BEE GAE 2004 2 & F57 9 AW 54 Aole FAHA ko, A A
T aFe dAg Azt mEt 9420 msE e 74kl AR sk Adzd A
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Fig. 18. Content of resistant starch(RS) in cooked rice according to the heat treatment time
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Joﬂ fo& B3 E?Jrg P}i% Ao R AT, WMol ngREo] 21174549171

A A ) sk
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= F4F & A 2HY RS §F 4 A, A g FFHE S8E RS &
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Table 11. Properties of organic acid treated rice samples according to polishing and variety

=35 s (GHE) AlEz () ArlE (Lo 224
B ] o]

Sk

AR

il

=4 0 2 0 3 0 4
(0-5)

S8 F57} FE SRR EE e FRERE 0
ite) dolupx AL wWef,  dolkx 2L Wy, Ao el
Slg  wrob wtol  wrek ek wrol ol Wk Fejzh  aro} ol S e

97 g Ex i SR X Ax g H
RS(%) ! 1.02+0.11 el ! 1.62+0.05 u &4 5.82+0.29

() 98 2o EAR0) whe APy AR I #o) A 54
(chel 49 Aztel gaw, Arske G WudAE /b F Age] Furh nEER
¥l FHRE Al FREFFTE AAE wo] HA gk IRk o ® Fwl= winof Hs| 2
Zol AAT g Ho| PO WolseAm Uy WRel, N F§ A it
A Ada) B PHeRA EYEE 24 5 A
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Fig. 19. Process for production of “RS-rice”
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Fig. 21. Resistant starch content of “RS-rice” according to rice variety
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Fig. 22. Resistant starch content of “RS-rice” produced by pilot scale
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Table 13. Ratings of liking for cooked rice samples
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o, FAAHo R WulFAnt (.38 mg/mL, |v]=9F 0.36 mg/mL, RSF=% 0.33 mg/mL
FFOF, o]lE L A3EE AF A 76.1%, 71.7%, 65.3%= Al4rE AT}

o) SR ASE &3 7] BA 158 A™Y 25 SA 1208 AlHoA e & =
= 5% 1 F9A HolE Holx grolZt 0.39 mg/mL, 0.41 mg/mL), 10% A% el A
237 GEEe FoE AGEHJT W] SAte] HF Ut A5 WA 1F
T o &3E&(RE SRS A of 80% T ol2e AoE FAHAT

Moot AlgE WuSA A st b AlHolA ] B3] Axe A9 Hizstou, oF
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) 8% 259 T5¢ 039 mg/mLE Wu|SA5 A|5e] 1568 7heits] AT FYshd,
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of AEFH A T Faws EFFOEA &5 Wy giv] 9 2 3H4E 7Y

o

=]
RSFH=%E Alse 27] GAdA Zheai7 S5EdY 08 Ase g9 1207 5< A
Sl A Tl ASEHAY. B A ¥ E S Ol HF A8Eo] 724% FFEL
2HFT & 5T F5 037 mg/mb) B A5 B3] A ¥ gs At F, RS
Txo o3 HF AstEo] TAsAoH HHI AZEHE HAEe FE<QA SDS(slowly
digestible starch, A 433 HEB)EA S 54 =3 dF

0.5
i
0.4 _-; __________  S—
e e m----=" ;
- 0.3 -
=
g
1]
=
W 0.2 1
wl
o
(¥}
=1
]
01 +
—e— W --k--B — B -RS
0w , :
e 30 en s0 120

Time(min)
Fig. 24. Concentration of glucose released during in vitro digestion of cooked rice samples
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Ffots SRS & oW, AN Uuk wn) AN fAR $E Vs
FALS A, @8] A 5S4 o5 Ak 7EF FFS e o FE ol HATG
538 RS®E @ I BE oA sERe f9d o5 HolA gk, RS
Ao Zlo] AFY sl FFE WA e AR ATGHUG

Table 14. Ratings of liking for cooked rice samples
kA=t
/\]JE"‘ * *kk
A o) ¥ Pyasl Z2 2

W 6.55% 6.45" 6.30 6.25 6.25

B 6.05% 4.60P 5.75 6.00 6.00

RS 5.35" 4.65 5.45 5.75 5.45
1 98 71 AHAEA=-tT3] A3, 5=FAL HAE &3, =3 F3)
2 20 ©] 2u AL B4 Vx| HAgh
abe column ol A 78 alphabet2 Q% FEY
LT &7 K005, 1K0.01, 7€0.001 FECA gl 2tolst e

245 ASe] W@ M5 B uHE FEAA B4 A3t Bsh RS AR REGA ot
AR 5 9B FFo) HAUE FEUAZ OF AFH Re FEo B JzEE
Arstglon, o2 & VEHEE Tl AR ukel o] o3 o] AWtz J|s e
P dF 7oA AR AGE F+ ATt

w3l B9} RS A8 2% 73 $520x2 1438 gnjyf EXFHoZ AFHYT, ‘A%
A 2 o #4A a9 =3 $HHAT. 2w g3 Hzte] o oA
FAgkm, Azt AL oo PRl 2H% FTo| AF 9 WS FEIAAZ
5 AgEo] AnA Y(within) z2le]l= #ZEH AT

(3) 2ok FF FAL AAE AL AD 2 24
(1) o} §Hao] we RSuYHe] 2wlA ZA AT

D73x

2o 1 S AAE MEE SR 712 Ak R V|EE @5 AR B B
@ BAEY ARE ot Fol AASIAY. MRS FoEde F VEEE AR
RE 3% FERA SAHCRE Fou|dt Zol7l #AFHAOH, BE JVEE FEA
Lopgo] H7HE A w-s% dzx=a AB7F 7 =2 Br7rEgled, 156G 30G A5t A
Aog fFoud Aol AT TH U 45Get 60G A= A-S, T2 Al Al Hl3
ARt 7125 o] Aoz WA HrtERY. &, &8s 7128 AA e B
NA A& 7hed Lobde] A vlES 30% Weld Ao=w dAdE I,
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Table 15. Ratings of liking for cooked rice samples

A e
Zalsly R ¥ Plyiiasl e P
Control 5.48% 5.80° 5.20 5.48° 5.55°
15G 5.16% 5.48° 5.18 5.30° 4.86%
30G 5.05% 5.34% 5.14 5.21° 4.96%
45G 4.61° 4.55° 5.09 4.82%® 4,43
60G 3.50° 3.39° 4.64 4.04° 3.52¢
1 94 754 =0-dg3 45, 5=-FA% A= &5, -3 £9)
2

2 569 o] An|A7} B hE 7l§¢«l B
ac  column Well Al 2 alphabete 2o £&9
A E57F p0.001 oA 22l AFol7t A&

2) M E FEU

A=E 5% o] de] &uATE AFEd A B WS fFEJIAE Z85h Sl‘%éﬂ(CA,

correspondence analysis)S 4=3) &t éj, FAE 1°] 61.4%, FAHE 27} 21.2% =
2be) 82.6%% H9stanh =
2 52 U3 FFEOE ¥y

45G¢}+ 60G Alme Lofol A fidd l%ﬂllé
234 ¥al, Z7)7F itk oA o] A

CA map(82.6%)
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Fig. 26. Correspondence analysis(CA) plot of reasons for liking and disliking attributes and

their cooked rice sample loadings
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Table 16. Concepts of prototype products

M AA
A4 2 F8 FEed dg =4d (YY) AF =4 (21/B20)
A FE Sz F SN YA F
= g ApoF RS2 20 ~ 30%, =Lk 30% wwt, | RS2 20 ~ 30%, =<F& 50 ~ 60%,
718t = (AL F, A 71k &= @AY F, A
= 210g 150g
7t AAle) S-S ATelA A7E Yeg o R, Fyng A8F Beato ol
o) so wt AzYch B SAL AEI AP WY UL FAY AAEA A,
B AFE HlwstHS W, 34 #FAW Y FFo] &2 A AFo] BAIF HlE| HFA ol
Fretsor, Aex2dg SN FS ZAv Y vES TR FFAHES NS
At
Table 17. Formulation of prototype products
vl % mswen ARe N0 TR ee e
A (@938 33 26 25 5 5 7 9 210
B @49x=4d%) 35 25 25 5 5 5 90 210
C (U118 gizx=a) 50 30 10 10 100 210
D HAEez=4d8) 5 60 20 5 5 6 22 150
ALk 34, AL A7 B35 B4 2 AEAE 58 1Eske AstE e HE AEFY
ZEYE ARt FFAXEIE SEsAT AFolA dE RSELS 7E SAIT Al
FH dAAE et HEER] = g ®7]8 3T
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Table 18. Information of final products

HF NAF
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< ul BF e v wt

IL

Sekul et v L ofny
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W] 37.9, Lok 25.9

HEerdr 19.8, A 5.2
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Fig. 28. Manufacturing process of

“RS-rice”
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Hardness Adhesiveness

1300 0
1250 o |2 ek arat
20
1200
1150 40
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1000 80
350
100
900
CoHs|| EFH O] it EFHD| ok 420

FAZIHE B3l FAwerdv g} et obte] JYHYRE ofus} o] B4
sttt B #AAE Sl NEE AAFS T2 BRAF SARel HlE) o] 10% B W
ow wmAF vl&f gFstES oF 16% i thild g Ao|idfo] 3ol wimE &
< Zlo 2 EAHY W A @A s ddHel &old o E ATGHAT = F
ehilelE T Zopge] A% AF oyt tiu] o] 10% AR RS FAO FA ok
o A viwste) 71557 B Aew et 4E40l Aoty BEEUG
Table 19. Nutrition factors of cooked rice products
A E g (210 @ ek Erd v 2okt (150 @)
g (kcal) 139.99 | &= (kcaD 127.77
YEF (mg) 505 | YEF (mg 9.39
grstE (9 28.40 | &#3HE (9) 26.45
TR (@ 0 T @ 0
FEHE A7 (g) 139 | AW (g 0.77
(100g <) ER=A (9 0 Ed 224" (g) 0
Z3A % () 0.16 232 (g) 0.18
Y 2HE (mg) 0 FdY 2HE (m) 0
LR () 347 | & (g) 3.76
2ol A (9 4.64 | Aol (@ 7.19
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Table 20. Records of CFU and appearance cooked rice products for shelf life
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Table 21. Business model for prototype products
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Fig. 31. (a) liking rating and (b) histogram of overall liking score for cooked rice sample
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Table 22. Penalty analysis results of mean drop and penalties in overall liking and percentage
based on rating of selected attribute for cooked rice sample

£4 JAR scale AgWl= % A= Z/[I%%rll p-value  penalties
A 3 3.9° 4.7
7&?; 233 53 68.8 6.4 0.642
B 21 27.3 6.0 0.5 0.304°
oF3gt 2 2.6 4.0
42 4= A3 31 40.3 7.0 1.337
733 44 57.1 5.8 1.3 0.002
=3 15 19.5 5.9
7] 233 42 54.6 6.5 0.638
Z3 20 26.0 5.9 0.6 0.216
1 AR ¢ A avide] ANvEE B ol He 4% © AU ave] AursE
B el
2 AENlize] %7t 20% WY 7 ¢ mean drop2 AR RS
3 ARE B ok e AW B AU Ao AwA sswel fold 2ol(x0.05 K00l
7 1x0.001)
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Percentages for the IAR levels (collapsed)
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Fig. 32. (a) percentage for the JAR levels and (b) mean drop of cooked rice sample
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Table 23. Insoluble yield(%) of samples during in vitro digestion

Sample Digestive phase Insoluble yield(%)
Stoma 69.54+3.14
Polished rice S-intes 8.88+0.51
L-intes 7.02+0.56
Stoma 78.68+1.19
Brown rice control S-intes 15.27+1.48
L-intes 11.06+0.69
Stoma 65.39+1.66
RS rice S-intes 18.62+0.71
L-intes 12.55+0.39
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Ao, Mg A& FHFY Aol 7Idg niep o] RS A5V 9E, 9, &% @A
AN BF duk dinjel HuRT FHEFo] FolstAl w2 AS ISt 53 &% TA
o A RSZe] A3 A Tl FolFoE 4 AZHIUY ol& %= 4= S WE,
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Fig. 33. TDS and resistant starch amount of polished rice, brown rice, and RS-rice during in
vitro digestion
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Fig. 34. Percentage of TDS and resistant starch of polished rice, brown rice, and RS-rice
during in vitro digestion
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Fig. 35. SEM image of rice samples during in vitro digestion (raw, stomach, small intestine,
large intestine from top to bottom). (a) polished rice, (b) brown rice, (c) RS-rice.
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Fig. 36. (a) Body weight gain of mice fed experimental diet for 7 weeks. (b) Body weight for
mice at week 19 of the experiment
Significant differences were identified at #(p<0.05) as compared to the Chow-diet group, or *(z<0.05)

and **(2<0.005) as compared to the high-fat diet group.
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-6~ Chow-diet -@- High-fat diet (HF) -A—~-BR30% + HF —-+~BR 15% + RS 15% +HF -4RS30% + HF
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Fig. 37. Oral glucose tolerance test(OGTT) performed in HFD and/or RS-rice(RS) fed mice. (a)

Glucose level during OGTT. (b) Area under the curve(AUC) calculated from OGTT.
Significant differences were identified at #(p<0.05) as compared to the Chow-diet group, or *(z<0.05)
and **(2<0.005) as compared to the high-fat diet group.
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Fig. 38. Effect of RS-rice on (a) fasting glucose levels, (b) blood insulin levels, and (c)
HOMA-IR in mice.

Significant differences were identified at #(p<0.05) as compared to the Chow-diet group, or *(z<0.05)
as compared to the high-fat diet group.
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Table 24. Effects of RS-rice on serum levels of Total cholesterol (TC), LDL-cholesterol
(LDL-C), HDL-cholesterol (HDL-C), AST, AST, and Adiponectin

TC LDL-C HDL-C ALT AST Adiponectin

Groups (mg/dL) (mg/dL) (mg/dL) (U/L) (U/L) (u g/mL)

Chow-diet 114.67+£5.79 9.67+0.33 71.67£2.75 21.33+£4.67 57.67+4.33 17.82+0.45

H‘gh(‘IgaFt) diet o6 00+45.48% 232040747 10180+ 117%  171.40+20.6% 247.20426.15%  13.46+0.42%
BR 30% + HE 215504857 2320174  9440+254°  130.60+33.49 160.20+25.50°  16.14+0.66"

BR 15% + RS

198.20+5.84"  19.20+1.16" 88.90+1.55"  96.19+10.75" 102.89+11.36"  15.26+0.51"
15% +HF

RS 30% + HF  208.80+5.33"  19.75+1.03" 93.80+1.75"  102.25+12.79° 121.00+11.26°  15.06+0.56"

Significant differences were identified at #(7<0.05) as compared to the Chow-diet group, or *(<0.05) as compared
to the high-fat diet group.
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Fig. 39. Fat weight (left) and representative abdominal fat pad distribution(right)
Significant differences were identified at #(p<0.05) as compared to the Chow-diet group, or *(zK0.05) as
compared to the high-fat diet group.
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Fig. 40. Histopathologic changes of central vein and portal area of (a) liver and (b) white
adipose tissue in high fat diet mice
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Prebiotic activit
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Fig. 44. Prebiotic activity of rice samples on B. bifidum
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Table 25. Length of intestine of High-fat diet mice model according to the RS-rice diet

Length of intestine (cm)

g ol

Chow-diet (Normal control) 81.75+1.27%
High-fat diet (HF) (H?é?—?i e ) 75.40%1.20°
BR 30% + HF ar] fg@oﬁ °IE 80.80+ 1.44°

RS 30% + HF R%(ﬁ%ﬁgﬁ oI 81.70+1.47°

BR 15% + RS 15% + HF ~ O¥ g{;f;gg?ﬁ oIz 79.50+1.66°

Wh FRmAE AH T%
GoFd AUHAE F GAATHS AN BFHE AT Belss Ay fod
o= Az Y EutE ol MR HEe BASAT A oS 0.54%0] HH =
el ejobs Aol SIEY ;AW el A WANA gsron, u] 30% Aolie
025% FAu o) Shelssick W, RS 30% Holze) A 08 P&l stelso

I il = I I |
]
| - - - - |
=
Bifidobacteriales
1.60% <

=

=®

<

u o 1.20%

=

o
o

S 0.80%

3 I

2 o

5

=

@

e 0,00

& < ! e (%]
3 N %)
= & I &
.................... &
-

:::::,:,:: """"""""

Fig. 45. Relative abundance of Bifidoacterials according to RS-rice diet
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Fig. 46. Expression of intestinal tissue permeability (zonula occludens-1, occludin, claudin-1)
and inflammation-related (TNF-« ) proteins
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A2d B A wEF AN AxVe L 2 24T
L a7 3y 2 e

7h ZERY &4 AFBEFTDE AR AFAAE A3 AAHE4 AR(BBR)
Azsd HH3

D A AR 43t AAREH 459 A 33 &4
T A oA 2EY AAEA] dEE 8] AT dn JhE AsEs AEY] 54
I} EZANE AEY & 2o Z 7YY HBREE HENEN]) 2 XA

Oh A=
JolHRE e FFQ AuEILIROA 26.7%) A& Agddon, HE 23 =3
v G = ARgskth AR AR ?}é ‘ﬁ‘re HAsked MR f714E2 AF eH e
T-A4KCitric acid, CA) B FA4HHE&(Trisodium citrate, TOS AH&-3F AT

ol

Fig. 47. Brown rice of Saemimyeon

-

WD A g4 BEe 98 AFY AR 28 AR AZCIE 3H)
AuE dujs Z2E $£EE 23] AZEAa, Ao Fol 7=
TALE 8AB%, wivel HAAEFTE HATE AudE dvjE EFHd Ya HEEEV]
(PRS-03-1, Kyunghan, Kyungsan, Korea)& o]&3&te] 120, 1.2 kgf/cm?e] ZA o= 30%
F 7rEstth 71E 3 dry ovens o] &3te] 90C oA E1F AXRHEF HFo FHA
oF AAZE ¢ AXFAT HE FEFFC] 10% oldtel EEstis uf AxE ¢ssdth

(th A 82 d5e] 28t AAE e ¥3 A ML
710l Azx" 3t 3
HE 3 dx2EE 2T Ard dvles 52+ FxE 23 Aﬂxﬂ,o}%u, A ol
Fo] E715 AA F 139 FA £9GB%, wivT FANUE
50:50, 75:25, 100:09] ®l&= EFst] HAAsATh AT AvHE dvjs o] Y1
HEZEY]E o]&3te] 120C, 1.2 kef/cm®e] Z7o g 3083 714934t 719 3 dry
ovens o] &3&ka] 90C oA 4AZE, 120C ol Al 2A1ZH~2A17F 30%, 150C ol Al 1417 15%-~1
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T EaAT Ax HE 5 M *1 AzsA1, AF FEFF 10% ol
=3t7] #1af 90C ol
7} Oaﬂqﬁ] RS (150°C 30& )Oﬂ w2 Ao HE2 Hrlsdrh

A AR g XS Megazyme AFY] Resistant Starch kitZ AF&3IATh A& 100
mg< # 3t pancreatin o -amylase 2 37C oA 16A17F ¥H-3-A171 & Rad FR0LEA
A FalEA 2 FAEAHIFAE AB)S 47 IJFEtAant. AGAH AR g8 2 M
KOH solutions 7}sle] &4F 2 &S| A AT, 27 1.2 M sodium acetate buffer(pH 3.8)
9} amyloglucosidase& % 7}ste] 50C oAl 30% WH-g-AI1Z1 3 AHAHE glucosee] <ol ufz}
AR A& 7 AR &S A7 gbeta, 7 aE vEeE T dE ¢ v
AR AR FFE AR T

(‘1}) OﬂiEﬂei‘rH% AS=DS) 54 2 AF 4
17142 RS7+=z7F FAE B=E H7istr] 98 oz 23 ¥kg X&=DS) 54 %
Ak B8 AA3Y oHXu, Miladinov, and Hanna, 2004). A% 7]&2] 0.5 g2 AI&Z 50

‘.4

mL =FFo] ALl A 1A wytsted BEARAI AT 0.5 N NaOH 25 mLE ¥ 11 50C ol A
24Xy skt wHk 3 0.5 M HCIEZ pH 6.50] 2 wj7tA #AAskch 34 & (blank,
A7) FA O AYSH T DS a3 22 T tigste] AAEAG

1— [0'192 x (Vsample - Vblank) X M/W]

DS (Degree of substitution) =

Veample: T A4 A ] B7FFA 5o i3k NaOH 78 % (mL)
Vijank: B27FFA 50| thdk NaOHS] A4 =F (mL)

M: NaOH¢] & &%= (mol),

W: A5 AzFHF (9)

‘162 : Fo =T @99 A" (Mw)

‘192 : citric acid®] A7 (Mw)

(¥P FT-IRE ©] &3 2715 A&dg 54 4 2 A& 7% 47
A7V EE 12413 &< 40° CoAlA A=A 3, Azxd A8 KBr& 1110002 42 %
¢t=7](CrushIR Digital Hydraulic Press, Pike Technologies, Wisconsin, USA)E o]-&3}<]
pellet FENZ A =3t FT-IR Spectroscope(Spectrum TWO, Perkin-Elmer, Shelton,
USA)E o] &3} pelletS 400-4,000 wavelength(cm™) ¥ 9ollA Z=A3sle] xsd 3 g o
TZE5 9etstaith
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(2 A &9 71348 " 758 FFE A% A= (Formulation) 7}

O AdA A& AsaA e dFPLS
(Dol A Ak 7Aoo g thFBAE Al=stAnh 1 dx $ 23 Adzx7F 1
oAl o]FolFE HiEOE st dF WAFTHES AHH R F8IMeS EF roasting
(230C, 45 sec), A3} roasting®] WHO

(b 71540l B3k HAREH ABE 9% RAR B4 2 A%

D A

7h vy FE2E
AA@G AN g, 7d7 AB) 60 mgS H3I T 70% ACNol| &3)dte] 60 mg/mLE =
A 360000 ppm) 223 W&G7|2 20837 %<9 F 045 xm PVDF #E# <A ZEZ o
Hste] AlgEH o2 sHHY. EFEA(fucoxanthin standard) 1 mgeS 70% ACNO.Z £
alske] 1 mg/mL7F FA Ho] EFYN(3.906, 1.953, 0.977, 0.488, 0.244 ppm)S.& &},
Ze1 FEgr|g2 2087F 3¢ ¥ 045 xm PVDF #E#HQ JEE o7ste] gFgAo=
st 42 ILEAAIZETYRZE o] &t thgd 2 2o R HAA ST

B vl £-uf
AlZE ()
A7 Agilent 1260 Infinity II Quat Pump, CA, USA A (%) B (%)
DAD WR detector, CA, USA 0 83 17
g INNO C18 column (25 cm X 4.6 mm, 5 xm) 10 70 30
AheE Room temperature 25 70 30
FUHF 10 L 30 20 80
ol A4 Gradient Z7[A E(0.5% oF+EZLD : B ol EYEHL] 35 0 100
< 1.0 mL/& 40 0 100
Az 98 UV 283 nm (hespgretin), UV 330 nm (caffeic acid), UV 50 83 17
440 nm (fucoxanthin) 55 83 17

W) xdE FE5E
AA(EDLZ ANR) 5 mge #HI F 70% ACNo| &3)sted 5 mg/mLE =A 3(5000
ppm) 23 AE7]ZE 2083 52U ¥ 0.45 xm PVDF #EFR FEHZ A3t Ay
gH o2 3. EFEH(apigenin standard) 1 mge 70% ACNOo.Z £3[3le] 1 mg/mL
7V HA o 2FLA(1000, 500, 250, 125, 62.5 ppm)o.2 s}, =53 IHYI7|Z 208
F =<9 3 045 4m PVDF #HE#HQ ZEHZ odigsie] ZFLHO 2 3{Y. 4L 1
SHA AR EIYZE o] &t T3 Z& o2 HAASHATH
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45 =4 kAl
AIZE ()

7] Agilent 1260 Infinity II Quat Pump, CA, USA A (%) B (%)
DAD WR detector, CA, USA 0 83 17

A9 INNO C18 column (25 cm X 4.6 mm, 5 xm) 10 70 30
AP B Room temperature 25 70 30
oy 10 4L 30 20 80
, 35 0 100

IR Gradient =7[A =(0.5% °FHE4LD : B oM EYUEH] 10 0 100
& 1.0 mL/& 50 83 17
AZ7] 34 UV 280 nm 55 83 17

th Lo} FEE

AAD wjol AE) 50 mge FH3I F 100% Waterol &33te] 50 mg/mLz =4 &
(50000 ppm) Z-&3 7|2 2083t %<9 F 045 4m PVDF @H FE =2 o3}s}
o ANFgHPog &Pt EFEA(spermidine) 1 mge 100% Water2 g3sjste] 1
mg/mL7t FA I FFAME00, 150, 75 ppmOE dta, 2Su eI 2 2087 =
% 045 xm PVDF WEHS LEE oJfste] FFE&H0 2 3t £4L2 1459
ADZREIHREZE o] &3t g 22 2o = A

IR =7 S
AIZE (&)
GILSON 72, RUE GAMBETTA - BP45 95400 VILLERS A (%) B (%)
LE BEL FRANCE 0 100 0
24 YMC-Pack Pro C18 column (15 cm X 4.6 mm, 5 xm) 10 98 2
AGon Room temperature 25 9 5
oy 20 4L 30 90 10
. 35 80 20
ol 5 Gradient Z7[A E(0.5% oA EAD : B ol EYEH] 10 0 100
4 1.0 mL/& 50 0 100
AZ7197¢  ELSD ( =gz E # . 75C, A47k2~ ¢ 1.9 Limin ) 55 100 0

(th 7154 8 71%54d0] S8 A &9 Zag ol e

7Is B2 ARE rdF F2E, Aiot=E=9 HAdH S A4 st
g4 HiE st AAd 82 A4S(pBRE HlEoE 3o FEES

A7t we deAAE FHsAT. ol E 7S FmEHE olo] A L(RS meaD¥e| Bl

1

Eu{n
L

(2,

fru

() A8 AFS] FE5HE A 9 ASE H=E S
315 HA W WE/HANN EQ EI A 3R 9 HAnAES XSG, AHE 0}
AR 284S AT vHAE mde FHUT
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U A AR As AA 84 95(8BR)Y 48 F Bl 54 WSt £4

0 A=
g3 daE Q3 FF= d=Ad HoA B3 g@53tE o8& #F1  Bacteroides
cocktails o] &3¥ I, F8& =2 8% HUle QA7 HoA BEsk L ézcz‘obezal]usé“— 2%

@

(L. plantarum, L. r]zamnosus)# Bifidobacterium 2%(B. longum, B bifidum)3} ©]ol| tf-§
St WATHF =2 Escherichia coli KCTC24415 ©]-&3tdtt. #F5 wokstr] 93k wj=] <l
M9 broth+= BDAKBecton, Dickinson & Co., Franklin Lakes, NJ, USA), 4A3}& W3l &2lS
23l AH8-% digestible starch and resistant starch kit Megazyme(Sydney, Austrailia), 4=
A ARde ALSH a4 L AES Sigma Aldrich(St. Louis, MO, USA)ZHE T
sk ARk T

AFY AR A3 AAE4 9R(BBR)
238 B4S 8 7hollAM e dHoE AxE HF AEQU FBRS AMEEHoH,

HxFo® #HY WrAR 10045 ek

AR AR A5 AAEH 95 238 2A 2d AHE

A, 9, 2% GA LA Fo AAE 2PHEE 3 F 500 mLE A Fste] ARG
o AlgC 1F BAES HUbste] 31TCAA 53 BESAZ = QAF A, AF AFHS
HA7vsted 242y 37CAA 2AF WHES T3l 43t #BS BEASIAT o] o 43t AA4EH
pH ##+& HCIZ} NaOHE #7}5ho 7\7%}0%‘4 Zt A T8 ARART AEE T35
o, 100C 10% €A E Fal BEAE B5E43) slHA, olgA d2 AEe dAE
gl 9 FAAZE Y3t -18TC ol A E%é}fﬁ T28 EAL At &% oA ¢
T 5 3 Ao B3 gAasE o] &dF BFESQ Bacteroides cocktailS ©]-83}1¢]
g BE JAHLS mASIY Y. @43 AZl Bacteroides cocktails& M9 brothell &4 3%F 3
TY HEE EFst & dAE A AR HITIL T FUINHE AT GHE 3

= =
TColA 2477t Ea 5 dAEY 2 2825 A8t ANRE F53HAH-

43 A% BBRY 54 B}

Oh &she s B

ashg ks &3 A A B2 AEY F AR 3 F2dxE IA¥ste 4 o
A AHEE AEF oY FES

H.IO
I
[-'0
9‘114
el
o

Wb AP AR T 2

&3t A A A8 FH2 7] 7E-Del Zled niek o] S5t

(th SEM 34

A F2E AAMAE FAPEAE R 4 (FE-SEM, GeminiSEM 500, Carl Zeiss)S AF&-&}<]
ARG 9027 =23 T 7FEASE 1.00 kVolA A 29 HATZE Inlens detector
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9} SE detector zHzF 500u), 10008]<] Hj-&= ##3}9ch

(@) A 72O Absdo] £32) 4
43} Ao g dEe EATE e HES debranchmg A7l & opdZHE v}
A ArEdo] BEXE BA3le] wwdtdY. A& 50 mgS 90% DMSO 10 mLel| €+4d3s] =
?l H, ogbE 30 mLE H7bste Fetnh. olF Adxsted 9 mL SR A4
5 vortexingst™ #o] A3 & HEHE A X3YGcE ool 1 mL 40 mM sodium
acetate buffer(pH 4.00& ©gt #, isoamylase(Sigma-Aldrich)E 12500 U F&Fo2 FH7}s)
o 40C F2FFoA nwtste] 48A17F &<QF ¥HS-A|A debranching 3ttt ©]l & 1083
#o a4 WsS AAAZ F, 045 xm membrane filterE F3A|#A Carbopac PA100
ol w3 AH(@250%x4 mm; Dionex, Sunnyvale, CA, USA)o] 2% yAdFHA| I =20}
E g3 (Metrohm 940 Professional IC Vario system)ell sttt 100 mM NaOH &4
o] thglk 600 mM sodium acetate®] €= AIFIEREZ ZF7HAA 1.0 mL/ming £2& &

HEUWE A9 7HA Alsdo] #EF EASATH

o AEAE A8 A3 A8 9E(ABRY B A @A A =

off

37}

D =44

oh &5 A% Ms
18~25 go] C57BL/6 w975, tt=, F7)E Aol A&3Ath ofad AolA
(45X60X25 cm)oll A ARSE o, SR ALRel Bo| yFEHY A Ay =2 12

A7Ee] % =AstEtHam 800%E W, 11 AR LEQ0-4T) P F=
(U5-65%)8 FAAA FAUL WA BH] HASHES AFA Hvnn FAFNE F
Asta, ol 4WEL FASRAL. B3 APHolE AKEA HANES shgon, 13 5
o AW} QAT A% FEDLS PSR o] F TFRE 1357174 LA o]
g FFse] MW 2 P A BAE FES og Ao Aol o8] AR FEE 107}
94 ARG olF UFRE 05744 A% AW E FFH LAYl 1A
Aol Bl 30%%: A WA o+ BBRAS%ITE; AW o]+ FBREVMT O 109} 4
A9 AWk g

|ZomE A4doE FFE 001AE Assdt 5% A
2 8985 SUE BAGIACC
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Table 26. Animal grouping and group name diet

No. Diet Group name Mice
1 Chow diet (A7d2]o]1) Chow diet 10
2 High-fat diet (x]%2]o]#) High-fat diet (HF) 10
3 HF+& =9t 30% (A w%: 30%) BR 30% 10
4 HF+ABR 15% (A#BR 15%") A BR 15% 10
5 HF+8BR 30% (ABR 30%<) S BR 30% 10

b AR =24
TE AP A

]9_“:_'! (DooYeol Biotech, Korea)<

ER o

aA A olet dn] gl

SBRGEER) A S B3

Table 27. Composition of high fat diet and samples diets used in the experiment (g/kg diet)

High-fat diet

g, 60 kcal P HF + BR30% HF + gBR15% HF + BBR30%
Casein 265.0 185.50 185.50 185.50
L-Cystin 4.0 2.80 2.8 2.80
Maltodextrin 160.0 112.0 112.0 112.0
Sucrose 90.0 83.0 83.0 83.0
Lard 310.0 217.0 217.0 217.0
Soybean oil 30.0 21.0 21.0 21.0
Cellulose 65.5 48.85 48.85 48.85
Mineral mix 48.0 33.60 33.60 33.60
Calcium phosphate 3.4 2.38 2.38 2.38
Vitamin mix 21.0 14.70 14.70 14.70
Choline bitartrate 3.0 2.10 2.10 2.10
Blue food color 0.1 0.07 0.07 0.07
BR - 300 150 -
B BR - - 150 300
2 A 9= /M &% F7}
P vk A%, A% @sk R AHF 53
kg0 AT Wsle 15Y HFoE o 1044 AFs SAHsA 7S5 o
AtRol FRE BYT 13FHE 1957714 2z Aol Atm AFA s AT A

Wshge uF

e ARe Fg
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npe-2o] FE o 205 Aol 12413 A 3 "9 SAV|E d9S S5k
st
(th wp-29 AF 2R3 AHOral glucose tolerance test, OGTT) ¥ AUC &4

ATFEEGRS HAE v oA dd7](Accu-Check Performa, Roche)E o] &3lo] 12

4 &9 FH ¥d9S A% FH 8 F5AAR glucoses 2 glkg
0% A= wAgMoA g SAH3] FASATE G W
d 3 g W3 FA4¢9 WA(AUC, Area under the curve)S &}
ATk

(P v FE d93 AEd AFH 2L BEHlFe AHAAA
= ogdl A3JAe AFEA HOMA-IR index(Homeostasis model Assessment of
insulin resistance index)E &% 9 2 € Qded Evles S5 A=Atk

(mh) mp-2=8 AAL FA B AR ojw A Z7

k-0l AR FA D AXY o|uAE FA7] fsted olF AYA A2 F
A& (Dual Energy X-ray Absorptiometry, DEXA) ®-2]9] InAlyzer(Medikors Inc, Korea)
A E Zg3t9on, High 80 kv 2 1.0 mA, low 55 kV 2 1.0 mAZ 4 =1& 44
stk 54 Tl w2 AU g3 exE WASr] fsted, nHEAIG%
Isoflurane, viv)ie2 ZFvkH AlZ & via &, ope2o 3 gelE doz M
AA 2 220 A aol A ST InAlyzer softwares ARE-ske] SRS o|m|AE 3 A
A ARE 53T

(8P mh$-29] 3 ZF# 28 =, ALT, AST, Adiponectin, Insulin 3+ =3
nhg-20o] YA o] gl BBR(HEFE RS Aol HF 215 AlFANA 1243 &5 =
Hste] dF FIFY2HES, AURE ZY2HE, 1Us ZY2EHE, AST, ALT $5&
Astel B4 AH] (AU-480, Beckman)E AH8-3le] A 3H3 T
l&d ghaFe ELISA KIT Instruction (Crystal Chem, ELK Grove Vliage, IL 60007, USA),
Adiponectin Mouse Adiponectin/Acrp30 Immunoassay (R&D systems, Inc, Mineapolis,
MN55413, USA)E Ah&3te] 43t

(#h) Hematoxylin and eosin staining

oh9-2io] mA Aol B AT Aol o] ¥H 215 wl, 1247 FH Fol w5
of 2k B WA 22E 10%WN) 4 5 T2ode] 1T sepE %ao 1
Ao 29 G yme Avsln 2t Aue dnENY B e

o Mo PMsg
o}

ot 2E dHe 33-du] A (Olympus D970, Olympus Optical Co., Japan

o
sy
>
Pl
ol
ol
s
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2t AdY AL 23 A 84 d=(8BR)Y 17 A &% BT}

O ZAd 7Y SHES HIt
b 5 % ujF T
AU FdHoZE ARAS B3 FrAHe A Y A4S A felo
?‘J?ﬂ‘lﬂr ‘é% AAt, wWHeS =Hs WY ZZAN7=  Lactobacillus 2% 3
(@)

fu
=
\f}thﬂ
%2
o

Aok AW 2 prebiotic activity score :

i o2 213l Lactobaczl] T MRS A& o]&3tar, oluf vz pH 6.5+0.2,
37TColA 48AXF BA] vigAI RO, H4a 274 AP ol TAAXERE e
NExdEgN FALS 53 575 REANAY. Bifidobacteria R E. coli 45+ 5% sheep
blood2} 0.05% L-cysteineo] E3+HE TSA wiAZ vjeFsl o, 37C 2 48~72A1%F v oFs}
Row, #A FriATo R AUz wigstAT

(1}) Prebiotic activity 37}

Prebiotic activity score #4412 €13 #i<F wix= glucose 2 g/L, CaCl, 0.015 g/L, MgSO,
0.5 g/lLE 713 M9 brothE A3ttt FAIF oz B mjoke A7 74 439 Z24Y
£ 7 g3 slgste nAmA o =dsta, 37C el 24~48 AZF 12} kg o
S o]= oA AAuA 10 mLol)] HE3dke] 37C Hlkr| oA 24~48 A7+ 23} wj<kstdc).
M9 iRl o wiekl 1%(v/v)ZF thxT(glucose) 5 mg/mL Ex AFARARD AP 5
mg/mL-& &3gtstal FA(04%h), 24~48 /\]7}01 At 3 mlo]aAZEFHolE 7| E AHES)
o 600 nmollAl FF =5 SAHSIA oM, o= #he otdle Ao thdst] AW Fol &
“d(prebiotic activity score) FAE AATH oW, FHHETOoE ZHELIY
(Fructooligosaccharide, FOS)-& 5 mg/mLe] #%=2 o] &3}X T

(probiotic log O.D. on the prebiotic at 24 h — probiotic log O.D. on the prebiotic at ( hr}

Prebiotic activily score = - —
g {probiotic log O.D. on glucose at 24 h — probiotic log O.D. on glucose at 0 h)

_ [lunlx:rw log ©O.D. on the prebiotic at 24 h — enteric log O.D. on the prebiotic at 0 In}
(enteric log O.D. on glucose at 24 h — enteric log O.D. on glucose at 0 h)
(th pH &4
Wk A-5 wjx] U] pH W3}+= pH meter(Orion star A211, Thermo Fisher Scientific)& ©]
8319 38) SReT AP £AE A8

=~
;8' Zﬂ% M H7bE 9 Ao dds= B Aol WE&2 37ek Ltk

(W) @3t g7 A=

Aol FRH1, AYFEL 1243 AN F, ofo| ZAAL o] g3ke] nH s By
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2.

(%t

a7 2

o} Fe skt el AR dds SN F EH = L
7E 48t ol &ttt 44 dds=2HH A 22Ae AEsh dolE F4st
o

Ao, -80C oA A 7HA] K38} T

o)
BN
N

ol by 24
Pro-prep protein extraction solution(Intron Biotechnology, Korea)& 3 7}3}]
259 B35 st gst $ 4CoA 12,000 rpme2 15837F Y4225}
s Hoto] @E S B3ttt o] AlEE 156% SDS EgjotadolrtolE AL
o] g3ty HrjgdToezE BT o]F, 1x  &A  [anti-ZO-1, anti-occludin,
anti-claudinl, anti-TNF o, anti- #-actin, abcam (Cambridge, USA)<} 2z A<
HRP-conjugated anti-rabbit antibody$} anti-mouse antibodyZS WHSA|Z] ¥ @Az ul = o
=% ChemiDoc XRS+ imaging system(Bio-rad, USA)Z &13}A ). p-actine 2429
NEo FFe @ido] o A=A st {3 hxT o= AHESIATH

2

N
o)
)

Z_‘

o HT N
.~
o 2 o g

Rl

A

7} AGY AR A% HAREH NE (FBR A= 33 AA3

(D &4 AFIHEFDE A BBR AR A= 4 FHA3F
Oh A7b= BlE 3 2Exddd nE drrse RS & W3

CA 2 TCE HI&HE A F HEEZESY A A I 23t dn A 855 A=
ATk HIFE(CATOS Hl&dd ot pH 54 A¥ 50:502 pH 3.97, 75:25+= pH 3.00,
100:0 pH 2.02% CA 3ol FopdrE WA veyt. A3A8 A& Iq=F 538 2,
CATCe] ®]&o] 75:25 2 100:0¢4 thz div] A A& FFo] F7tatda, 7HE
o) wEldsE 90C tH] 120C 2 150C oAl A e HAE o] 7+AastETh CATC
o H]-go] 1000, AZL=E 0CoNA AHFAH HE FFo] 714 IA F7Ist9 ey, pH
AstZ Qs sslE whe] gk 9 o] et A A AL 0 Z A9 A Fsl of
ol AL ASZE AT wetA 7MY =& RS7F #EE WCE AR2EE 13}
1, CATCS HI&S 75258 3to] CAY HIES 3= ZAHS Ay

[e2

4
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12

RS content (%)
)

90°C 120°C 150°C 90°C 120°C 150°C 90°C 120°C 150°C 90°C 120°C 150°C

Control CA:TC =50:50 CA:TC=75:25 CA:TC=100:0

Fig. 48. RS content according to the CA:TC ratio and drying temperature

(W) Azxes 2A050C F7p W3l 2 An A8 RS heF 2 2 n) w3}
AjujE HAulol] CAe} TC+= 50:50 2 75:25°] Hl-&= FA|sta1, 7} A

Z 2= 90C

A& FIIE 150C oA Axste] e FALEe] 7R E FEs5ke] Aluks Aojsta

AL stATh Ad A3, CATC Hl &L 75:259 4 (B0:50t)RH]) A& HAE o] F718tH
o o

T, CATC vl &) #AGo Az 2Ho=z 150C =1L F713819
Fo] F7HEQ F7he UErA gdh ey, 150C =S FUhst A
oEly B8] Fu|E QI3 7]&9 o|v] o]H7} wiAaF(masking) =+ EHE UERAIIT
wehA 90C 7FEHEE & 150C F7F AZxFA S HFHo =z sk

6
| I I
0

90°C 90°C->150°C 90°C 90°C->150°C
CA: TC =50:50 CA:TC=75:25

o

RS content (%)

Fig. 49. RS content according to the post-drying process(150C)

(th At 84 AFHERDE A% 713 AR o 2H2F ABE B
TFARY DLWSE B Yehbe A2HES AW/ B5oE B E2EL O
AY W olUeh, WA A TSRS T3 ALl €% RS FF FLEANE Ao
S 4B Ak ABE B4 A%, P we ABEES UBh ARE J)E FRoE
AzE CAL00% AEFon, dAn dz A= o 28ue) £ dehjsch. BaY
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|4 AFSFEIFDE A8 Axd Ante] AojxHa Fu|Zl FdH AEAE
(CA:TC=75:25, 90~150C)2] 7%, CA100%E th tha w2 23 =(0.098)E HERAA ST o]
= A AL FF A4 Aok A Aol ARH o=, pBR AR AxE
A3k A FAHAME Fu|3 FFo = L RSy} FAFS AP FT-IR &~
HEY 24 A3, control AR 2l oxH =23 X@r2 s Yerts 1738 cme
carbonyl =7} 712 34 2 fFL(BBR) FAHANA 25 BFHL s

Control

CA:TSC(75:25)

CA100%

4000 3000 2000 1000

Wavelength (cm™)

Fig. 50. FT-IR spectra of rice flour samples

h AGY AR F3 A Az AF T
B AT Avel w44 e BEES A e AF AFEAL e 2] B3
stgon, oo utet HEE B AT 54 3 &
© " FBRGEES WEEE) = A5 o
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=
= =
A s 9 A wA A 8% AF 2 A3 A 5% 2E 59 FF AT AHg
&t
i 40| 24 ] ©AwE dn Ag A
x Yy @ 13 & 91 A+ FAMMVES g4 AUt
o 7| A Sofo EX
#2714 80| Il (75:25, 4 = 3% wiv)
¥
HEZE 7Y @ 120C, 1.2 kgf/cm?*e] z=x o2 3083 714
L]
12 Ax @ 1zxpA=x: 90C, 447
T 224 %: 150C, 30&
dH R TEs ® Jeow Y7 ¥ s

Fig. 51. Process for production of “ ABR”
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Q) AAg A9 7138 R 758 $3E& 9% A=Y (Formulation) 7]
Ob A& AE A3 AA S A5 A 2 AAE S
(Dol A 7iEE Lab scaled] AzFAS & HAAFC)E vedn] AzFA) Ayitekel

o #-&, scale up test® %3} ﬂﬁ“ﬁ’& ANAEFS Aistd o, @&FaFeE &3 o

e 22" VIHES LT EN AAFY B 549 i AFE AESIAH

Pilot scaleg %3 *349 et m o HsHA A3 AR ASH(FALEY FiPoll &
&

o of
ox o
tlo o

A gt Ao et auu A% F 2299 Age Wedn gue
A AN Ao Uehton 53 %ot #o A% B 1540 AA
Z71SITh 2ame] PH@EAe] Pl WE WAl Aol UEA gttt
Wetd $F BFE AAA ZAY D goldel mek A 2y IS AEtur

o

ST

HE}S0)2 MADH

( Pilot scale)
‘ AT ZH| | 0| 17
7|-_'_ HK|OH - 30 1 . s odi ; - 7.
© 7| A2 OH EX|Y - 3% LS4k 3% trisodium citrate = 75: 25
(F712H8%)

| IS | +=2 38 4=
| 12 5 9z | eznocs

a—;F'— gl Dry oven : 70 °C,, 5hr

Roasjng Roasting a) 25 (230 °C, 45 sec) b) H3}
[ =4 |

Fig. 52. Process for production of “ #BR” in pilot scale

(A) : HIEFR0[1 & TSC (B) : HIEFSO[2 jclIl"“ (TSC 20%)
CTR (A-1) : 7|E&X]| + %% roasting TSC (B-1) : new&X| + £ roasting
CTR (A-2) : 7|ZEX| + 23} roasting TSC (B-2) : new&X| + A3} roasting

Fig. 53. “ ABR” products produced via various conditions
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Table 28. Consumer likings for “ #BR” products

CIR (A)  CTR (A-I) CTR (A-2) TSC (B) TSC B-1)  TSC (B-2)

Taste 3.2 7.5 8.3 3.3 7.9 8.1
Flavor 4.3 6.5 6.2 4.1 6.9 6.7
Color 6.5 6.6 6.5 6.2 6.5 6.5
Acceptance 4.3 7.6 7.7 4.0 7.8 7.7
b 7154 243t AAd 82 s fg Fds g4 9 AA
n3EE, TAREEE 9 UiolrEEL g5 A F dE RUERRY
7Hs/dol AERHO 7Aool A3td AFY dwdA a3l ds Ay 8 559 AT

D vYFEE9 7|54 E(Fucoxanthin) &
Fucoxanthin®] 7Z$ wv]d, ndq A4 AZE Q42 0.005 mg/g extract, 0.074
mg/g extract), 53] v|FA A Thi A A= Ah EI Hesperetin 2 caffeic acid®

745 v, vdH A sl AEEHA FUt

Fig. 1. Calibration curves of fucoxanthin standard

Fig. 2, HPLC chromatograms of fucoxanthin (A), 0]% sample (B), and

8= sample (C) (440nm)

2) A2 F=59 754 E(Apigenin) &
T FZE9 apigenin 2 96.318 mg/g= 1= AT
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Fig. 1. Calibration curves of Apigenin standard e
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Fig. 2. HPLC chromatograms of standard. apigenin (A), 2% 2 sample (B) (280 nm)
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9] spermidine 3= 3.807 mg/g= SIEH U
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Table 29. Consumer likings for “ #BR” products according to the addition of functional
extract
TSC B-1 0.1% 0.25% 0.5% 0.75% 1%
Taste 7.2 7.5 7.5 7.2 6.4 5.9
Flavor 7.0 7.0 7.1 6.5 6.8 6.5
Color 7.0 7.4 7.0 6.9 6.9 7.0
Acceptance 7.8 7.5 7.5 7.2 6.2 5.8
2) AAT A AE] G Az I 2 A5
71 AAEYE AA &2 A FA, A FAHoE AAE ABRMENET) EEE AR
E Ay, TEFEES 0.25% H7IgE gHg oA o2~ g7 d AAEFS MLEA
o 71EAFHY vl #sAAE AAE A, 71E AlFol ¥E) roasted HWEFAR] o] &
AFZEY 0.25%5 F7Ie gngAFel #5doE 453 AoE Yyt F7tE B
BRUNEIEY]) 2ol Agy AR FFe 2718 918 BALZHANM, A4 F AH
3 glol M2t e Ba B N&HE AT B WA ATE FYFolnk
SHOf| o] X[ Zof| A= 2| EHME
Hijz d4EE Hi2H| & (%) HHE 3 4522 Hi2tH|E (%)
1 22| CH STt 46.8 1 22| CH 5Tt 46.8
2 LASHTEAEE 13 2 Ay EdAEZ 13
3 HlEFS 0| 10.11 3 HEbe0)| 10.11
Suppor :
4 Tego 9.42 4 =5 9.42
5 EZgFxERY 0.25%
Fig. Formulation of “oj|o]X] &2~ ” product
HErH 0| Wiz HErH 0| Wiz
( Pilot scale) ( Pilot scale)
= =H| LR oz =H| LR
7|-_J'E AlX|oH - 3 A 1 i T 7|-_J'E AlX|oH - 3 A 1 i T
(-.C-’.—7|*,_1'-g-°—.H) Al X|ot ; 3% YA : 3% trisodium citrate = 75: 25 (-.C-’.—7|*,_1'-g-°—.H) Al X|ot ; 3% YA : 3% trisodium citrate = 75: 25
458 33 A N
719 = Wzt 7] :1271°C, 302 719 = Wzt 7] :1271°C, 302
;ﬂ_JF_ gtl Dry oven : 70 °C,, Shr ;ﬂ_JF_ gtl Dry oven : 70 °C,, Shr
Roasing Roasting a) 8% (230 °C, 45 sec) b) =& Roasing Roasting a) 8% (230 °C, 45 sec) b) =&
=4

Fig. 54. Modified process for production of
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Fig. Promotions in 2020 on products
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Fig. 55. Promotions in 2021 on products

2) JHYE nAES /M 9 &8
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Ao F)ERAL oA B AL FYAAL Fa A
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MCT HI|CH®™ Service 15 (¥)

217 Aeh
ZHoIX| HH 4E

AL HE 7S 23t Detailing Service H|CHH Communication

v 37l v ANBE IS HS v Zum$s 9|8 (HIC|H Detail)

v HEXE Archive (B4) v S84 29

Customer E-Detailing

v E|A AN AR v OiE 39
M3t Customers g my v HEAR p v HoE el
v HHE 7ty oLy (3H Meetlng/Zumo)
oty BEE O — LR R,
v USA W2 Y o
LI = s - AET
(e-detailing) v HZ Detailing (Mall)
AN R AR HE [PR—

Fig. 56. MCT ‘Untact’ service model

U A AE As AA 84 45(8BR)Y Eeled 54 W

1)

24

(1) Insoluble & W3}
7t 23l GAE AMEE AEYF di¥] FEE vud Ae oty EQ} 2o gz
of Mg A A3 &A1 BBR A& A7 in vitro &3 AAES 7 g
gt A3, A 9 GAZAE BBR AlETF &3&0] ¥ & A
_Q_

U 4%, o dAE AXEA @R AlEE 67.45, 84.50%, ABR2 58.31, 70.70%=, A3
l

AR B8 247} £ag0 gD Re A SANH, ok SBRA A
o o] s AFA AR Gl FNHoE ZAFel wek &, oA wit
AR Ao ARHUG, FBR AAE £ ARAH FAHSE Lot AQH 2l
AN FERANE 34 B% 5 4 A7 =80 ¥ Zoz susHth
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Table 30. Insoluble yield (%) during in vitro digestion

Sample Digestive phase Insoluble yield (%)
Oral 11.25
, Stomach 20.89
BR(Brown rice) S-intestine 67.45
L-intestine 84.50
Oral 39.09
Stomach 50.34
A BR . .
S-intestine 58.31
L-intestine 70.70

@ AZE AL 4s

7t asaAE AsE ARAY A & Uste ofle] :meh Zol, v dxT AEst
ABR B5F 233 S AAWA RS o] frold oz Frishs 2o A=A AV
ARE A=2E( 137%)E_ﬂr 28RS 4EAS W2.20%) RS FFe] Lewf F7hsh e
o, ABRE 7%, d=ef(6.94%) T L3S S5S W17.14%) RS o] oF 2.5
o 71k 1t S R K welso] gEFol ashs W, A
A AR AU a3tasdd o8] & BsiEHA 7] "ol Ao o] FUhsh=
Aoz AsHUG. & A9 A7E T, AFEAE 43 &A9] pBR A7} in vitro
gty F aELE A8l Z 9FE A dE ZAoE AdEy Ar gazeEg
duid o= Fesx ol B B A

= %

o2l
tlo fo

Table 31. Resistant starch content (%) during /n vitro digestion

Sample Digestive phase RS content (%)
RAW (9%&) 1.37 + 0.09V%
Oral-insol 1.29 + 0.02°
BR Stoma-insol 1.70 = 0.05°
S-intes-insol 1.59 + 0.18°
L-intes-insol 2.20 £ 0.08°
RAW (=) 6.94 + 0.34*
Oral-insol 9.04 + 0.24°
S BR Stoma-insol 10.83 + 0.15°
S-intes-insol 15.68 + 1.90°
L-intes-insol 17.14 £ 0.30F

YValues are mean + SD.

YDifferent lower-case letters(a, b, c, etc.) in the same column indicate a significant difference according to
Duncan’ s multiple test(2<0.05).

*Different upper-case letters(A, B, C, etc) in the same column indicate a significant difference according to
Duncan’ s multiple test(2<0.05).
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(3) SEM &4

dr et fBR AR TAE mA Tz WIE FE-SEMS B A743 A= oo 1
Holl 2+zt Al A sk 50081 5L 1000812} Mie2 =2 54 ¥HItE QT 2y, dn
Aot BBR A= BT &sAAe AAEA T2 FEHVE H3tEe Ae Sdsiiat
T AR EF dedHe 79, Bd¥ e dEHzE & dAsc] F2 #aFEe e, &
SEAZE gl et FEjvt vEEo 7Y, B dEugs AEsta BST JdErt F
2 #FFHY =23 F AR BF de AHe] A5 xdo] Ao mime s HAA
T 23 A e dRIe e 2Ade] 4R Z7F A eR Fopxl= oz 8l
HAT fo a3 ARY i FF BHe Tl A AE #dd Fx27F AU
o2 FHA R HollE Aer AdHM, ¥ F7HH Q] FE-SEM &4/ A= &
Lo AIbe =8 10008 o)/de] vle= AAsloF & Zoer ARHAT
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Fig. 57. SEM image of BR rice samples during in vitro digestion (left: x500, right:
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Polaroid 545 CBNU CURF

EM Lab,

stoma

Signal A=SE2
Mag= 500X

CBNU CURF
EM Lab.

(4) EATZ=OA Abedo] #3X) &4
dr et BBR Al29 43 GAE 7HA] Aol X ¥
TFS vt ofg o Fol AABIAT ARE FAnE=
6~12) 2 FXt Zo] A& DP 13~24) &Fo] =& HFH
TEZE UetdY. FBR Alme w2 A<=DP 1-5)
Rom FIt Aol AFEDP 13~24) =g AT o=
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63:0; daE™, 7 A3 JF DP E3F A
43} #A Oﬂ 46H 7}%] Al Zo] B
ABRE 4% 51
A EE DP 13 o] A& Hgo] Hutxoz Zhasty
4] ‘ﬂ@fa Ueh e, #BR A 4

sF 51 DP 25 o]de] Abg &0l S7lshe

2l
rlr
to
ol
A
O
o
(@)
o

Table 32. Changes in branch chain length distribution during in vitro digestion

3} BH(2X0.05).
2 W3 24

Sample Digestive DPY 1-5 DP 6-12 DP 13-24 DP 25-36 Dp =37 DP,
phase

RAW (98) 0.71+£0.39°®  27.08+0.16° 52.66+0.72* 11.75+0.15* 7.80+0.46* 18.79+0.16
Oral-insol 2.45+0.36°  28.08+0.22 51.45+0.63" 11.04+0.05° 6.98+0.32> 18.11+0.11°

BR Stoma-insol ~ 12.67+3.09"  42.55+253* 36.69+3.26° 595+1.87° 2144042 13.17+1.03°
S-intes-insol ~ 10.86+1.04°  29.14+0.09° 46.09+0.83"  9.42+0.06" 4.50+0.34°  15.77+0.23
L-intes-insol ~ 16.68+5.81°  26.38+0.54° 43.95+3.92"° 8.76+0.96>  4.23+0.47° 14.86+1.16

RAW (&&) 2.43+0.29%Y  28.83+0.19% 49.12+0.60* 12.15+0.06®° 7.46+0.61® 18.33+0.20*
Oral-insol 2.59+0.34°  29.23+0.50° 4853+0.75* 12.14+0.21° 7.50+0.76° 18.29+0.27*

ABR  Stoma-insol 529+0.23°  32.72+0.48" 43.81+£0.47° 11.42+0.86° 6.76+0.67° 17.25+0.13"
S-intes-insol  21.68+4.96"  18.72+0.55° 30.10+3.60° 16.58+1.57* 12.92+0.36* 18.49+0.94"
L-intes-insol ~ 22.54+3.50*  17.80+£0.66° 29.59+3.00° 16.87+2.17* 13.20+1.16* 18.65+0.48"

YDP, degree of polymerization; DP,, number-average degree of polymerization
?Values are mean=SD.

SDifferent lower-case letters(a, b, ¢ etc.) in the same column indicate a significant difference according to

Duncan’ s multiple test (2<0.05).

“Different upper-case letters(A, B, C etc) in the same column indicate a significant difference according to

Duncan’ s multiple test (2<0.05).
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Fig. 59. Comparision of branch chain length distribution during in vitro digestion between BR
and ABR
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Fig. 60. Changes in relative area of each DP during in vitro digestion
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Fig. 61. (a) Body weight gain of mice fed experimental diet for 7 weeks. (b) Body weight for

mice at week 19 of the experiment
Significant differences were identified at #(p<0.05) as compared to the Chow-diet group, or *(2<0.05)
and **(2<0.005) as compared to the high-fat diet group.
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Fig. 62. Oral glucose tolerance test(OGTT) performed in HFD-fed and/or A BR-fed mice. (a)

Glucose level during OGTT. (b) Area under the curve (AUC) calculated from OGTT

Significant differences were identified at # (p<0.05) as compared to the Chow-diet group, or * (2<0.05)
and ** (7K0.005) as compared to the high-fat diet group.
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Fig. 63. Effect of ABR on (a) fasting glucose levels, (b) blood insulin levels, and (c)

HOMA-IR in mice

Significant differences were identified at # (p<0.05) as compared to the Chow-diet group, or * (7K0.05)
and ** (<0.005) as compared to the high-fat diet group.
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Table 33. Effects of #BR on serum levels of Total cholesterol(TC), LDL-cholesterol(LDL-C),
HDL-cholesterol(HDL-C), AST, AST, and Adiponectin

TC LDL-C HDL-C Adiponectin
(mg/dL) (mgfdL) (mg/dL) ALT (UL)  AST (UIL) (pgimL)

Groups

Chow-diet 114.67+5.79 9.67+0.33 71.67£2.75 21.33+£4.67 57.67+4.33 17.82+0.45

High-fat diet

HF) 226.20+5.48%  23.20+0.74 101.80£1.17%  171.40+£20.6% 247.20+£26.15%  13.46+0.42%

BR 30% + HF  215.50+8.57 23.20+1.74 94.40+2.54"  130.60+33.49 160.20+£25.50°  16.14+0.66"

BR 15% +

BBR 15% +  203.40+4.01° 19.20+1.12° 91.40+1.49 58.80+6.88" 90.60+15.69" 14.97+0.61
HF

BBRSIS% T 155.20+10.90°  17.60+1.07" 78.80+4.26"  100.00+11.16" 117.00+13.24"  15.34+0.61"

Significant differences were identified at #(2<0.05) as compared to the Chow-diet group, or *(2K0.05) as compared
to the high-fat diet group.
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Fig. 64. Fat weight (left) and representative abdominal fat pad distribution.

Significant differences were identified at #(p<0.05) as compared to the Chow-diet group, or *(zK0.05) as
compared to the high-fat diet group.

6) IAHA o2 AGFRE FET vl-2oA It WA o)A 253 ¥}
AEH 1 MRG0 FEEHA WHIlE Hlwstr] Y8 H&E @45 Ab&ste] 1 9
Hn/nﬂ;qu}zzlq]/\-]g] 2 22 vlwstgoh ofg] 1o vERA H}Q‘r 7EL | A2

wste] A AGA o] ol A Tk Wi AR 2 H|
(ﬂBR) 15%, 30% wolwollA 23 WAz YA A A FHo] AHEE AT F
At

- 124 -



Chow-diet Chow-diet

i

High-fat diet (mr) BR 30% + HF High-fat diet (HF) BR30% + HF

# ! A

Fig. 65. Histopathologic changes of central vein and portal area of (a) liver and (b) white

adipose tissue in high fat diet mice
The liver and white adipose tissue sections were stained with hematoxylin and eosin (H&E staining)
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Fig. 66. Prebiotic activity of BR and ABR on L. rhamnosus
Table 34. Changes in pH after incubation of Lactobacillus rhamnosus for 24 h
Lactobacillus rhamnosus 0.1% 0.5%
Incubation time(h) 0 24 0 24
RAW 6.97+0.01 6.51+0.01 7.00+0.01 6.44+0.01
Oral-insol 7.02+0.01 6.78+0.06 7.00+0.01 6.74+0.00
BR Stoma-insol 7.01£0.01 6.80+0.01 6.98+0.03 6.48+0.08
S-intes-insol 7.02+0.01 6.62+0.01 6.98+0.01 7.04+0.00
S-intes-sol 7.02+0.01 6.83+0.04 7.00+0.01 6.46+0.02
L-intes-insol 7.03+0.01 6.69+0.00 6.97+0.01 7.05+0.01
RAW 7.03+0.01 6.80+0.01 6.89+0.01 6.43+0.01
Oral-insol 7.02+0.01 6.80+0.01 6.88+0.01 6.58+0.02
SER Stoma-insol 7.03+0.00 6.75+0.03 6.86+0.01 6.36+0.03
S-intes-insol 6.98+0.01 6.87+0.00 6.88+0.01 6.97+0.01
S-intes-sol 7.02+0.01 6.58+0.31 6.96+0.01 6.07+0.13
L-intes-insol 7.01£0.00 6.79+0.01 6.99+0.00 6.97+0.01
L. plantarum & @v]ol] 0.5%2] =2 AF £33 2d HEIAL ] o, 9 &3
=g vl Ay g =doiA  Zbzb 9.226+0.610, 10.261+0.113°.2 prebiotic

activity &4do] =4 4= AeH, pH =3 6.48+£0.002 6.42+0.01= A SAHFHIATC
o1& @A Aol YA PV} HAE A2 AYRAL, R AAZAAE 9

9 Al Hs 58 2%t wA ANE 05%9 FEolA ZHZ 7.277+0.361,
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Fig. 67. Prebiotic activity of BR and ABR on L. plantarum

Table 35. Changes in pH after incubation of Lactobacillus plantarum for 24 h

Lactobacillus plantarum 0.1% 0.5%
Incubation time(h) 0 24 0 24
RAW 7.05+0.01 6.45+0.00 6.99+0.01 6.45+0.03
Oral-insol 7.05+0.01 6.87+0.04 7.01+0.01 6.69+0.05
- Stoma-insol 7.06+0.01 6.52+0.20 6.98+0.00 6.61+0.00
S-intes-insol 7.06+0.01 6.75+0.01 7.01+0.01 6.48+0.00
S-intes-sol 7.04+0.01 6.62+0.02 7.03+0.00 6.34+0.01
L-intes-insol 7.06+0.01 6.77+0.02 7.03+0.01 6.42+0.01
RAW 7.06+0.01 6.81+0.06 7.02+0.01 6.78 +£0.00
Oral-insol 7.06+0.01 6.79+0.06 7.01+0.01 6.76 £0.00
SER Stoma-insol 7.04+0.01 6.82+0.01 6.99+0.01 6.48+0.01
S-intes-insol 7.05+0.01 6.82+0.01 6.97+0.00 6.56 +0.04
S-intes-sol 7.05+0.01 6.87+0.01 7.06+0.01 6.57+0.01
L-intes-insol 7.05+0.00 6.79+0.07 6.97+0.00 6.54+0.01
B. longum v+& @R A8 0.1, 0.5%°] #=2 Q¥ A3t# 2l &S o Av-F
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Fig. 68. Prebiotic activity of BR