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Effects of High Amylose Starch on Gut Functions in Rats”

Seol, So Mi - Bang, Myung Hee - Jeong, Mi Kyung - Kim, Woo Kyoung§
Department of Food Science and Nutrition, Dankook University, Seoul 140-714, Korea

ABSTRACT

This study investigated the effects of high amylose starch (HAS) consumption on gut functions in male Sprague-
Dawley rats. Experimental animals were fed an diet containing HAS for 4 weeks (0, 125, 250, 500 g/kg diet). Stool
weights, transit time, the pH of cecum, Bifidobacterium growth, short chain fatty acid production, and prostaglandin E,
production in colon mucus were measured. HAS intake did not affect body weight gain or food efficiency ratio during
experimental period. There were no significant differences in kidney weight, epididymal fat pad weights or spleen
weights, but the weights of the liver and thymus were significantly lower in the HAS100 group. The length of the large
intestine, the weights of the cecum wall and cecum contents, and stool weights significantly increased through HAS
intake. But transit time was not affected by the experimental diet. Although Bifidobacterium growth in the cecum
increased through the HAS intake dose dependently, there were significant differences in the HAS50 and HAS100
groups. HAS intake increased the production of short chain fatty acid in the cecum contents. In particular, acetate and
butyrate concentrations grew significantly. And the production of prostaglandin E, in the colon mucus significantly
decreased through HAS intake. These results demonstrate that high amylose starch intake significantly improves gut

function. (Korean J Nutrition 36(2) : 109 ~116, 2003)
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o] UukARe] HENE W 43Ex] g2 Bl U
o2 dol7hes AL 35 oE BuHD Stk

Al A315R) o P ozt AE-L W
A ¥-aE = Fo)A Bifidobacterium©] HASE 23E
g ok Baskar Yok Algel glojA AR A
F 35079 £aEnE Z7M7IE )RS tiFgellA
ol WEE g £ 5 on,” ol LaE WA
A 9) GRS (short chain fatty acid, SCFA) 2] A4t

718 92712 pHE A0t I 1334 ol

& SCFAS) e 3 758 #asly, BoXg 5
S3AF]H 10 o A AT gl ot &
< AWEAS A 4 ks Zavt ok’

J8EE B A7 B2 AF A AEFgdoE AY
ARl & FEQl HASS o] H7ieEe] A7)sell 1)
e 57 FAste] HAS A0 d& A7) Mg
HASY 3R ATl digt AR AFstns she A
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1. ME%FE R 4|

olf-E% BY M3F 459 Sprague—DawleyF 33 F
R 400k E Ak Ho|2 13U ASA F ATl v
g dyos 72 1004 vrel 2840l 457
ARSslgich Adaol= AIN-93G diet'®E 7120 3}
Stk 2ol ARFFL 499.486 ghkg ©1x, APA0]
ALY AL 9sl] URFE o) F ARCR &
FEAET A, YA AEEEL £ high
amylose starchs ¥AF ¥ Ariesich. HA251-E 4
ol ARk F 25% (Ao)1FAT 125%) &, HAS0T2
Aol AEF F 50% (HolFAZ 25%) &, HA100T2
o2 100% (2e)F-AF 50.0%) & HASE 333}
Atk Aol A" HASE amylose &80] 70%°1/4<!
HS-7 (¥, Fd)ola, ¥t AE-L amylose 30|
ok 20%%) HAarsis AES AMESIReH, ACACH | 9
& RSE £A31%2 o RS o] Uik 4.9%, HAS
£ 16.5% et JAok 2 EE AF Aol HA
Q1 RS ¥k U273 HASE &3t e Al APT
o] 7A¢ Zp7] 2.4, 3.9, 5.3, 8.2% ©1t}. AA AP
o] 24 Table 1% Zth A% A 7|3 5 34 40]
Ag Qlo] TF3A) o] L wiF 23], AF
AFde] 1318 FFsA1 AT F7ket o] HHF
202 o] F&& AT

rflo rir

(o]

Table 1. Composition of experimental diet (g/kg)

Ingredient Control HAS25 HAS50 HAS100

499.486 374.615 249.743 -
124.871 249.743 499.486

Starch common starch
high amylose starch”  —

Casein 200.0 200.000 2000 200.0
Sucrose 1000 1000 1000 100.0
Soybean oil 70.0 70.0 70.0 700
Fiber (ceilulose) 50.0 50.0 50.0 50.0
Mineral mix” 35.0 35.0 35.0 35.0
Vitamin mix® 100 100 100 100
L-Cystine 3.0 3.0 3.0 3.0
Choline 2.5 25 2.5 25
Tert-butylhydro-quinone 0.014 0014 0014 0014

1) High amylose starch (HAS): 70% amylose starch, containing
of 6.5% RS

2) Mineral mixture: Calcium carbonate, anhydrous, 357 g; Po-
tassium phosphate, monobasic, 196 g; Potassium citrate, tri-
potassium, monohydrate, 70.78 g Sodium chloride, 74.00 g: pota-
ssium sulfate, 46.60 g; Magnesium oxide, 24.00 g; Ferric citrate,
6.06 ¢: Zinc carbonate, 1.65 g: Mangarous carbonate 0.63 g;
Cupric carbonate 0.30 g: Potassium iodate, 0.01 g; Sodium
selenate, anhydrous 0.01025 g; Ammonium paramolydate, hyd-
rate, 0.00795 g; Sodium meta-silicate, hydrate, 1.45 g; Chromium
potassium sulfate, 0.275 g; Lithium chioride 0.0174 g; Boric acid,
0.0815; Sodium fluoride 0.0635 g; Nickel carbonate, 0.0318;
Ammonium vanadate, 0.0066; Powdered sucrose, 221.026 g

3) Vitamin mixture: Nicofinic acid, 3.000 g; Ca-pantothenate,
1.600 @; pyridoxine-Hcl, 0.700 g; thiamin-HCI, 0.600 g; Riboflavin,
0.600 g folic acid. 0.200 g; D-biotin, 0.020 g; Vitamin B-12 (cy-
anocobalamin) (0.1% in mannitol), 2.500 g; Vitamin E (all-rac- e -
tocopheryl acetate) (500 U/g). 15.000 g; Vitamin A (ali-trans-
retinyl palmitate) (500.0 1U/g), 0.800 g; Vitamin Ds (cholecalci-
ferol) (400., W/g), 0.250 g; Vitamin K (phylloquinone). 0.075 g;
Powdered sucrose, 974.655 g

2. N=RR 2
1) NE M3

AYFEL ) A7 2olg AL FFLURIL et-
hyl ether2 wiFAIA Aol g AAFste] A
o} zH #4673 A%, BngAw, Bge A3l £
AZ F3393, 237 e dolg A3

2) B PN R fBYT 50

AFEES IHASIA 24417 B¢t vl = divE 3§t
2o 23] £l SA wet weightE S350k =3
B RS 105CoAAN F2l 28 w7HA A2 Fol
dry weight® 5431903, wet weightolM dry weightZ
W AL SR PR Fch

3) YA

Ao 43 F 3FA FEHAE FHsICE A
FEL 1817 AN ¥, A% 50%, carmine red (Si-
gma, USA) 0.5%7} EE o}5 10 g F] ol o ¢
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E g the AEA0)E 22 A1 Yok Az

g (208 2.2 WFo| marker’} YEhEAE check
1ol markerg 598t7] A1ZgE AlZt} marker7t ' &
ol A& Jeht7] A& Al7E 24 E 71831 o8 A%
Akttt

4) W 8BS O1¥E 34

WRHEES AF3 F e vlgyad 8 33
33tk A Ao] A7 09 454 Hie dol A¥FES
A% T WAYLE 0.5 g2 AFH8 4.5 mle] B
phosphate buffer (0.2 M Na,HPO,, 0.2 M NaH,PO,, pH
7.0, 0.1% polypeptone) o] o] & &3 7|1 A 3
Atk F 2 BL viRE AMSIG Y, vYAdS
bifidobacterium &g wjx|Q) BSHiAE AREsIIct A
FE gl it HA8AS 50 pI¥ FH wixe] =T
s, E718 wWike 93l anaerobic jar (Difco. USA) ol
ol 37°CeliA 72A12E wieFslich 72417H5< ¥714e
2 ojst Holl vt A=Y & AFstn 7)o 34
WS F3lo] B4 1 g9 ¥4 (log cfu : colony forming

unit/g wet feces) & Yehjiglch

5) ¥ Uig= pH
B JEES 0.5 g AHAR F 1089 FF5E 314
313, pH meter& o] 431 pHE &35}k

6) B¢ 4882 Short chain fatty acid 573

B3 WEE 05 goll 10% phosphoric acid 200 !
H7bska 2837 vortexdlo] 2 338k ¥ 47T, 13,000
rpmellA 30 Bt RS AEY 1 puiE FH3k
DB-FFAP silica capillary column (30 m X 0.25 gm
film, 0.25 mm ID, J&W Scientific)©] & gas chro-
matographyol| 5310] SCFAZ #43}5ic} AR5 gas
chromatography (Varian, Star 3400CX) 2] ¥4 =7
< injector temperature 2507C, detector temperature
2607C°l1, ovend 25302 70TA 183 oE F
6TC/min® & 200C7HA &8 687 AT 248
carrier gas (30 ml/min) & ARE-3151 1L, split ratio 10 : 1
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ojgd o flame ionization detector (FID)ZE peakE A
Asteick, WU SCFANANE B39 & FAZ gl
o] EAIBFAE

7) 48 39 W prostaglandin E, &3

WFE AFs] HAL ¥ ice—cold PBSE 3 W&E
& A3, PFHHL slide glassZ olg-so] Fojulo] 1 ml
9] ice cold buffer7} §°] & tubedl] ¥ sonicatorg
o83} 10 sec, 50% 2 cell a3tk 4°C, 12,000 g,
108 %9t 9483 & supernatant® Yo prostagl-
andin E; (PGE,) 8] 4+& 57438151t PGE,+ £49Y
& 0183 kit (Cayman Co., USA) 2 ELISA reader
& o]g3lod 490 nmeld EFEE =451t} Prostagl
andin E,%9] FAl= vl o g ddgo s 3

Ak

3. B~

SAS program® ©]&3t 7} £ HEHY EF 24E
T3+, ANOVARA S o § BT HEae] vlie
Duncan’ s multiple range test® o]-&3lo] o4& A%

aiict.
oREL 9 T%

1. MiZHH21et AOKNF

AgAolE MHHs) A HHFEY FAE= 2490 g
o= AFTFY FFA 2ot giled, A7z Ft
9] AFF7IE APT Fe2A o7t glof AF F
AlelA APFZE] {-2AQ1 2Jol7} YeRER] okgiet. 1]
U Ao dHFE tlzTelld fojes @ty HASS0
TolM FoF o7 dgkoL} Holg g2 2lo]o] g
Al ¥t} (Table 2). HASYE 431 38402 dojut
A 3 A taly oluz7} A7 Aol 1g
F 2.8 Kealo]=2? Aoz o 24 HASS H37t 2
HAFE AFZ7PE A& RoE J|UsR oy HERA
o F2AA xpel7t YeEpA] sttt Jeongs & RS3H
H2 w38 Srdig HojRA 9 10, 20, 30%2E 3

Table 2. Initial weight, final weight, weight gain, food intake and food efficiency ratio (F.E.R) for 4 weeks

Group Initial weight (g) Final weight (g) Weight gain (g/day) Food intakes (g/day) FER.
Control 90.4 + 37" 302.6 + 13.6"° 7.1 £ 06" 183 £ 1.1% 0.56 + 0.05™
HAS25 90.5 £ 3.1 292.8 +10.7 6.8 +04 17.3 £ 0.8 0.57 £ 0.05
HAS50 90.7 + 2.8 306.6 + 22.3 7207 17.0 £ 0.6° 0.60 £ 0.04
HAS100 90.7 £ 28 2949 + 47.7 6.8+1.2 17.6 £ 1.3% 0.56 + 0.06

1) Mean = SE, 2) NS: not significant

3) Values with different alphabet within a column are significantly different at @ = 0.05 by Duncan’s multiple range test
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Table 3. Organ weights ()
Group Kidney Liver Epididymai fat pad Thymus Spleen
Control 2.0+ 072" 141 £ 0.8% 31+077® 0.61 £ 0.12% 0.69 + 0.10%
HAS25 21 £0.19 124 £ 1,07 3.1 +060 060 £0.M 0.65 £ 0.05™
HAS50 22018 134 £1.2% 29 +0.52 0.62 + 0.06 0.73 £ 0.09°
HAS100 20+ 0M 114 £1.3° 3.1 £097 052 + 0.07 0.58 + 0.04°

1) Mean = SE, 2) NS: nof significant

3) Values with different alphabet within a column are significantly different at @ = 0.05 by Duncan’s muttiple range test

Table 4. Length of intestines, weights of cecum wall and cecum  Table 5. Stool weights and transit time

contents Stool wet  Stool water  Dry stool .

Small large Cecumwall Cecum Group weight content  weight Tra?s't_ time

Group intestine intestine weight content (g/day)  (g/gstool) (g/day) min)

length (cm) _length cm) (@) © Control |2.6 + 06" 0.52 + 0.30%2.1 + 0.4 773.0 + 104.6*

Control 187.8 £ 129" 13.6 = 1.5 0.47 +0.07° 1.9 + 0.13° HAS2S 120+ 0.8® 053+034 24+05°7203+ 445

HAS25 [90.2 = 12.3 139+£08° 074+0.14° 38+ 12° HASS50 |41+ 0.8® 098 +040 3.1 +05 7628 + 42.3

HASS0 941 £13.1 145+ 1.8% 110+020° 60+13° a9 14516 1204074 33+ 10° 7580 + 76.0

HAS100 [96.7 £ 13.9 167 £1.1° 180+ 0.16° 92 £1.2° 1) Mean + SE

1) Mean *+ SE 2) Values with different alphabet within a column are significan-

2) NS: not significant
3) Values with different aiphabet within a column are significan-
tly different at @ = 0.05 by Duncan’s multiple range test

7HigE W Aol AF AF T, Holmgel FoHa
Aozt e B AT sk ik

2. FIEH R Ao

HASS} 371 3719] FAI9} Aol mxj&= s &
olmote of WY RyFA, FAFAE APFN #
QA o)z} Qigtek. et 2k u)Fe} FAl= HAS100
oA F2F o7 Wt} (Table 3). 4£%¢] Aol o)
of o3l FES ¥R dskont, gizke] doj= oy HAS
Fo] Z7gtel wle} dose dependent 3HAl ZF7}3lgith &
3 el v} a8 AE HASYO) 715l wet
dose dependent 3} F213 27 F71819c} (Table 4).
Topping5*’& ¥ oUx|2) 50%5 AL Z AF 3
AE-& HASE 50% ciAI8IS Wl o] Aoyt 2e]
HAS 3=kl vlglsiy Z713tcka B 18192, Demigne
57& Ao] B9 25%, 50%F HASE AL o
cecum®] ARTIL =) ol WRNNY wEI} F
ZHESITHE S 2ElFa 929, HAS A3 el w2} dose
dependent ¥ ZA3E 2qF1 )

3. B 2 R AL

35l widsl= thie] k& HAS 437} 27180 u}
2 32 F7lsle] HAS1002S Wzl vls) 70%
old& HlAdsl) HASAHZA T sildde F7M071= a3}
&0l YERSTE (Table 5). tifu) 888 HASAH
mpe} STk Aol FY93AQ1 Ajolr) QI AZRTA

=

ty different at @ = 0.05 by Duncan’s muitiple range test
3) NS: not significant

€ FY3o2 FU18te] A Wi S FE39)
F7METRE 1¥E9] 712 Q% Ao »r) w3 3
THAREE HAS AHS71) adet ZFashs 33 Kol
U R Ao|x)= sttt Ferguson$™L AP EFEA
APAPAR, HAS, alpha—amylase treated HASE A3
AFE o BE AETEA e FEReY A%
AR 239 ZAAART FolEQ 2o)7) Yrka &
£ d72A79)l X3t} 181 Heijen$"& Aol
179 &<t RS29} =3H8 2E<Q RS3S 37 32 g¥
AFERE o =22 AT dlzFel njsl RSEAT
9] WujdPo] thxFol vld F1EHl o, RSEF o
€ Aele gt sisick

4. %Y U881 DI¥E 3N X pH

HAS AFel mE Bolxie] o] BE 4o njX= 93
A3NZ A8 APA0] HF 45 FE vlwste] dopust
. F @€ BL WAIE ol&3Ed AEAR Al
ABT A7t YR L, 4F Folls BE HPFAM F
7RIl et AEEzIl 2lol7t qllon, Z AP eA
A& A 45 FE B REgls Wl fA Aol
HehtA) sttt (Fig. D). Z22iu BSHIAIS o] g3le] 1)
HeiAge] S48 FFBNE vle AFANRA AP
el AL AJol7t AR, 45 Fell= HAS d#H7t
F7Fel w2t wisoiage] F4o) fojHeg FIekA
o (Fig. 2). &£3 z} ATelA AP2o] 4 A5 at
ol th2T3 HAS25T M E FAZARL Ajol7t gl ovt
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Control HAS25 HAS50 HAS100

wmEBESL L 3602 :109~116, 2003/113
(log CFU/g cecum confents) [ Basal line After 4 Weeks % [ [] Basalline ] AﬂerAWe?ks ]
35 80 q, +

ab, +

Control HAS25 HASS0

Fig. 1. Growth of total microorganisms in cecum contents,
NS: not significant.

[ Basailine After 4 Weeks

(log CFU/g cecum contents)
35

3

25

Control

HAS25 HAS50 HAS100

Fig. 2. Growth of Bifidobacteriurm in cecum contents.

Different dliphabet represents the significant differences among
groups after 4 weeks at e = 0.06 by Duncan’s multiple range-
test, NS: not significant at baseline, +: Significantly different bet-
ween basalline and after 4 weeks at a = 0.05 by paired t-test,

HAS50, HAST100F oM E AFol #2129 AolE Ko
HHYAFY] F4& fsME HASPE 50% BEE oA
Holof & Zog AzZtdT) w£d F oo tiE vy
279 HEE ARBSIE WE A8 HH ¥ F A5
of gt vlF A vlgo] tizTtel H)F fHos
7V, 7 APTelA B v Aggelagl 7o)
HAS50, HAS100FeilA +22Q1 2jo|7} vebsdct (Fig. 3).
ARFENA Bifidobacterium™ HASE 87 HHANRE
uf 42 3] BifidobacteriumS] vl"do] HASHE Al 64
Z7V819,%? in vitro 8N Bifidobacterium?t HASO
Haste] BalE A 43E sty st HASYL Bi-
fidobacterium®l| 3 EaE 5 Qlvha £ ¢ Uk £ A
T = HASA#H = Bifidobacterium® &322 dose de-
pendent3A £7MX|#H HASZ} prebiotic propertyE 7}
A1 ol FA% ATE £ T US AR B 7 o,
olg1dt A= HASE F AE9] 50% ooz diAsld
o)A} 25%% Hojof F2lFA xlelF Ho|m Q).

Fig. 3. Percentage of Bifidobacterium to total microorganisms in
cecum contents.

Different alphabet represents the significant differences among
groups after 4 weeks at ¢ = 0.05 by Duncan’s multiple range-
test, NS: not significant at baseline, +: Significantly different bet-
ween basalline and after 4 weeks at a = 0.05 by paired t-test.

(pH)

HAS25

Control HASS0 HAS100

Fig. 4. pH in cecum contents.

Different alphabet represents the significant differences among
groups after 4 weeks at @ = 0.05 by Duncan’s multiple range-
test.

T3 Wz pHE HAS 2371 $7124% dose depen-
dent3tAl A& om, o= vlFpiAe] e 9Tt
SCFAS] A7t W02 & 4= 9lt} (Fig. 4). Kishida
TE B A7s) vl 2 HASAHA Al B3elA ] pH
ZH4s BT 9™, Engelhardt™ & Aute) pH #W3}
= A £ swellin®| Y} mucin ¥4], mucosal blood
flowell W3l 71x|9} A7)5l 4dEE & AoE Hys)
2 Sl

5. W3 4882 Short chain fatty acid 53

WAy SCFASY & B acetic acid, butyric acid
9] %= HAS A3l "t 3o S71819 o pro-
pionic aicd YA 7S Bolx] Usk1, A 7k SCFA
£ B8 T HASAHF O mel foal 718 RojF
I 3t} (Table 6).
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Table 6. Pool of cecal short chain fatty acid (mmoles/cecum)
Group Acetic acid Propionic acid Butyric acid SCFA
Controf 63.1 = 366" 339+ 17.9% 64+ 44 102.7 £ 50.58°
HAS25 1468 + 69.6° 438+ 205 53+ 5.1° 1945+ 70.2°
HAS50 253.4 + 105.7° 111.2 £ 1404 142+ 82° 378.9 + 168.6°
HAS100 357.5 + 101.3° 630+ 313 29.2 £ 10.5° 4461 + 73.9°

1) Meon £ SE

2) Values with different alphabet within a column are significan-tly different at @ = 0.05 by Duncan’s mulfiple range test

3) NS: not significant

tigelA A=l SCFAYSS d3ahd, div-29 SCFA
= acetate, propionate, butyrate® HASE A33pa 1
229] SCFAQ] WL 35%7} 7 stk Karsta Q)
t}* Brown® & HIX|Al % oUA)9] 50%7}t HEE
HASE F9X bifidobacterium longum= 37 BEA A&
o oz o] SCFAQ widsko] 7kttt acetate e
zto)7} 9.2, propionate$} butyrate) %ol Z718Igich
1 3] & A9 butyrate?] FAE7H= AX3HA 9L ac-
etate®} propionate At E HihEE AHE Holx
ek 22y} Jenkins P& 24789 32 AJAg dide
Z 2F B HASE o183l 3150l 30g8] Aol
3 2RE AFIRE ol HASHF ol dizTtel His)
Z SCFA°l digt butyrateZ} AA|8h= vl&°] 57k,
CummingsS*¥& AlgllA] RS2E &FFol] 17~30 g &
15978 AFARE 9 WA acetated] H]&o] F713k
gy 3 2 A7} 4Aso 283 Moritas?&
HASE Aol¥A9] 65.5%% 4R3I d9ad& 25%
FF07 FUE 9, casein?} A A succinate”}t
F2 SCFA oj3lov} oy A diidz) &) HF st
%S ul= butyrate®] AAate] PolX|BR o] AHdh=
gl o] Fiel etz A EE SCFAY 771 2
AL Busa glo] SCFAY AL AFshs A&
ule} go] gtk 28 ¢ 5 itk

6. 98 34 Prostaglandin E. &3

Aol 459 X EE PGE,9 555 SA%IIE
bl ezl vls] AP PGE,Q w5+ dAH 7

Aoz Zadgn, AEEWE Aot AsiTt (Fig. 5).

tdellA SCFAS @712t 752 9] hypoplasiag
do, A7) BEL colitisE Qosl=wf T2
oA FAAE A3k - Fulelxe] SCFAS At
ArE Qs HAlel gdd 79 colitis7h VER R
Aoz RuERE® T3k SCFAS BEL (acetate 60
mM, propionate 30 mM, n—butyrate 40 mM) o2 F
79 A% 8T 5 UF' D FEZ, o] PBrPER

{pg/mg protein)
q

g

HAS100

Control

Fig. 5. Production of prostaglandin E: in colon mucus.

Different alphabet represents the significant differences among
groups after 4 weeks at « = 0.05 by Duncan’s multiple range-
test.

RE] AR SCFAE tiFelr 855 49 & A& A
o7 Alg@r}l E3] n—butyrater UIRAENA LR
€ AT A olglo 5 Ak aHrt YAt
AL BuHT JleH ol d4F5E Y& cyto
kined] WAl A4S ] WEolgtn #th® B A
FAME HASS] 37t F718Ha digAlE Hetelix e 4
2 dQolekn &R A& PGE, Ailo] Zsisl,
ol= HASAHH ol 23t SCFAQ] AAE7), 53] butyrate
o] F7kel GAgte] HASAHATT tigolrel |58 A
g ¢ AS Ao ALzt 78y BKA micediAl 1 ml
9 butyrate® FUNEE 9 4AAE Hoj dose de-
pendent3td] @] AP T= ke Bt glemg
olel) gt A7} gol Hojop & Zojrh*®

o2l AFZ Hol HASAHE W9 FAIE F7H7
o u|AEe] Fo 53] H|HyAge] F4E 7iR 9 )
SCFAZ2] B2+& F7M1711, pH Z24E 7H42 9 PGE,9
e AEAA Z 715 59E Ve vk O
21 HASS AFFES v W 74 571 pH 32,
PGE,9 Z4¥ dose dependentdtA] YERIX|RE SCFA S
A vlEE Al ST & HAS509 HAS100




o BTl HHsH WY 50% ole] dhAHAL
W &3} bk 2 o 4 ok

B dre FHA 8-S AolFAY 50%2 353
WA HASS dukaE9] 0, 25, 50, 100% (Control,
HAS25, HAS50, HAS100) 2 thAst o2 453 AL
3o}, BHFA, ZE5HARY, WU vEg AT S, 93
u pH, *3 W&E9 short chain fatty acid, tH3 2o
Y prostaglandin E, & 3715 % #d" AAEE s
o HASAF7} 715 WAdel vxle anel 45T
& A5E AFs] A3l AAEHSA AR T2
ANFF7t HF FAS o) agS 2ol PTE WA 4
%t A%, FuEA, F49 FAe A8l 5409
Q o7} gilevt 3 vl FAlE HAS100T 14
Ao g Jith 472l Zdoli= Hojo) os) S
A ke, g Holst W a WANEES FA
£ oyl HAS%o] 5718l wel dose dependent
Al FeA oz F7kskGith kel widsie u k2
HAS A&7 2718l et 783 o0= Frlsiel HAS100
T2tz 13l 70%0l 3 widsisled, A5 Azt
2 HASQ] A3l ule}l Zashs BE¢E Boluy f940)
A dskth HAS Al oet 33u & 752 vjgd
278 Faol FrFH o HFHEAFAARE 72
F717F veR I, HAS50013Y o 303l 33l
acetic acid, butyric acid®] &5 HAS A3 wet &
o3& o 7 713191 91} propionic aicdE A% A%S B
o)z} ¥k, Al 7kX] SCFAE &3 FFHE HASAH
ud} f-eH o g F7lskeich HAS A3 A PGE,Y 55+
A8 FelHog AsIsitk o4 A7z Hol HAS
AFHE "EA F7 vEgage] 4, old] wE SCFA
9] g7t pHE A, PGE, B4t A4% 716 A &
B} Qe Ao R AlgHY AHeES dFske Awe
50% ol (2o FAe) 25%) & tAlEIAE o EH7T 9
= A07 Alg "ok
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