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Abstract

The present study was conducted to evaluate the effect of resistant starch (RS) on the large bowel function
and plasma lipids in rats with constipation induced by Loperamide. Animals were divided into six groups: normal
control-5% cellulose, constipation-5% cellulose, constipation-5% pectin, constipation-5% RS-type 2 (RS2),
constipation-8% RS2 and constipation-5% RS type 3 (RS3) groups, and fed experimental diets for five weeks.
The results from RS groups were compared with those from other dietary fiber groups. The groups supplemented
with RS3 or high level of RS2 showed significantly increased counts of bifidobacteria in the cecum than the
other groups. The production of total short chain fatty acids in the cecal contents was significantly high in
pectin, RS3 and high RS2 groups. The pH in the cecal contents of the RS supplemented groups was significantly
decreased compared with the cellulose supplemented groups. The production of prostaglandin E2 in the colon
mucus of the RS groups was higher than the normal group; however, it was significantly decreased compared
to the cellulose or pectin supplemented constipated groups. The thickness of the mucus layer and the production
of mucus from epithelial cells were significantly increased in RS3 group compared to the constipated cellulose
group. Supplementation of resistant starch significantly elevated the ratio of HDL-cholesterol to total cholesterol
and significantly lowered plasma atherogenic index compared with cellulose or pectin supplementation in
constipated rats. The results of the present study demonstrated that resistant starch supplementation may help
in improving the large bowel environment by stimulation of bifidobacterial proliferation, reduction of pH and
inflammation factor and by increased production of mucus. It has also been found that an additional health

benefit is improvement in lipid levels of serum.
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Table 1. Composition of experimental diets (g/100 g diet)

Ingredients NC CC CP CR2 CR2-H CR3
Casein 20 20 20 20 20 20
Sucrose 10 10 10 10 10 10
Corn oil 5 5 5 5 5 5
Vitamin mix" 1 1 1 1 1 1
Mineral mix? 35 35 35 35 35 35

Choline chloride 02 02 0.2 0.2 0.2 0.2
DL-methionine 03 03 03 03 0.3 0.3
Polysaccharide
Corn starch 55 55 55 51.7 46.7 43.3
Cellulose 5 5 - - - —
Pectin - - 5 - - —
Hi-Maize 1043 - - - 83 133 -
Novelose 330" - - - - - 16.7
Loperamide — 003 003 003 0.03 0.03

Abbreviations: NC, normal control; CC, constipated cellulose;
CP, constipated pectin; CR2, constipated resistant starch type2;
CR2-H, constipated resistant starch type2-high concentration;
CR3, constipated resistant starch type3.

VAIN-76 vitamin mix (g/kg mix): thiamin - HCI 0.6, riboflavin 0.6,
pyridoxine HCI 0.7, nicotinic acid 3, D-calcium pantothenate
1.6, folic acid 0.2, cyanocobalamin 0.001, retinyl palmitate 0.8
(500,000 1U/g), DL-a-tocopheryl acetate 20 (2,501 IU/g), cho—
lecalciferol 0.0025, menaquinone 0.005, sucrose to make 1 kg.

Y AIN-76 mineral mix (g/kg mix): calcium phosphate dibasic 500,
sodium chloride 74, potassium citrate monohydrate 220, potassium
sulfate 52, magnesium oxide 24, manganous carbohydrate 3.5,
ferric citrate 6, zinc carbonate 1.6, cupric carbonate 0.3, potassium
iodate 0.01, sodium selenite 0.01, chromium potassium sulfate

_0.55, sucrose to make 1 kg.

J“HI-MAIZE 1043 (National Starch, Seoul, Korea) is a natural
high amylose maize starch and contains 60% of RS2-type
resistant starch.

P“Novelose 330” (National Starch, Seoul, Korea) is technically
classified as an RS3-type resistant starch mixed with oat flour
and contains typically 30% total dietary fiber.
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Table 2. Microbial counts and pH value of cecal contents of
the rats fed experimental diets

Microbial counts

Group” (logiy CFU”/g cecal content) pH value
Anaerobes Bifidobacteria

NC 891+0.03"™  872+0.05"° 7.63+0.06™
CcC 8.90+0.03 8.64+0.06° 7.84+0.08
CP 8.91+0.02 8.75+0.06™ 7.38+£0.14™
CR2 8.92+0.03 8.81+0.04™ 7.22+0.08°
CR2-H 8.94+0.02 8.90+0.04 6.79-+0.06"
CR3 892+0.03 8.92+.0.03" 6.39+.0.14°

USee the legend of Table 1.

YCFU: colony-forming unit.

YMean+SE (n=10).

“ns: not significant.

IValues with different superscripts within a column are sig—
nificantly different at a=0.05 by Duncan’s multiple range test.
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Table 3. Short chain fatty acid value of cecal contents of the rats fed experimental diets
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(uM/g cecal contents)

Groupl) Acetate Propionate Butyrate Total SCFA?
NC 183.79+31.337* 1821+1.11% 2758+4.15" 225.26 +30.20°
CcC 112.35+1.06" 13.99+1.66 21224512 145.34+6.35"
CP 117.85+11.75% 27.44+7.17" 36.14+8.70™ 220.87 +12.82°
CR2 116.90+17.29 20.92+3.40™ 31.58+5.26™ 170.29+£15.87"
CR2-H 150.29+30.45" 25.25+4.70™ 43.07+7.73" 219.64+2351°
CR3 138.14£6.90™ 22.60+3.90" 50.72+12.17° 209.63+16.72°

See the legend of Table 1.
“Mean+SE (n=10).

IValues with different superscripts within a column are significantly different at a=0.05 by Duncan’s multiple range test.

PSCFA: short chain fatty acid.
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Table 4. Thickness of mucosa, submucosa and muscularis of

distal colon of the rats fed experimental diets (mm)
Groupl) Mucosa Submucosa Muscularis
NC 0.2420.017™%  0.0940.00™ 0.12+£0.01™
CcC 0.19+0.02° 0.11+0.01 0.13£0.00
Cp 0.21+0.00™ 0.11£0.01 0.12+0.01
CR2 0.21+0.01™ 0.10+£0.01 0.13+0.01
CR2-H 0.24+0.02" 0.09+0.01 0.12+0.01
CR3 0.25+0.01* 0.10+0.01 0.13+0.01
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Table 5. Crypt column length and crypt epithelial cell density
of colonic mucosa of the rats fed experimental diets

Crypt epithelial

» Crypt column  No. of cells/

Group length (um) crypt column (No.Cgfllc;il‘lss??Otg m)
NC 188.57+9.487%%  22.60+1.17* 12.14+0.67°
cC 170.48+4.63 17.13+0.85" 10.13+0.63"
CP 170.24+11.10 17.67+0.41" 10.51 £0.50°
CR2 172.86+7.55 18.07+0.92 10.44+0.48"
CR2-H 19524+1073  22.17+163" 11.39+0.62"
CR3 184.29+2.45 22.07 +.0.82° 12.11+0.35°

YSee the legend of Table 1.

YMean+SE (n=10).

YValues with different superscripts within a column are sig—
nificantly different at a=0.05 by Duncan’s multiple range test.

“ns: not significant.

USee the legend of Table 1.

Mean+§E (n=10).

¥ns: not significant.

YValues with different superscripts within a column are sig—
nificantly different at a=0.05 by Duncan’s multiple range test.
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Table 6. Production of prostaglandin Es of colonic mucosa 1 EF5o] ZolxH AU FYAH 2 X Hlo] Z71E
of the rats fed experimental diets o] EWMASE Jom AT A vy o] glolo] B
Group” Prostaglandin E» (pg/cm )le;rge intestine) 2 ot BuET QTH3R) B AR A Aa Ao W7}
e Ssordlo” B A9 Aol WulfE Aol 5577 Foid A7 BF 24
Cp 131.32+4.97° A2 A”-(CP)Z 3 RS2 FolT &0l EZ Q24 RS3TE
R Hadeea, o Hs) frejH o vgton, FEH 2 EHE FEES BE RS
CR3 90.07+3.53° FATET HETo] ME] AER e T Hs| f9
USee the legend of Table 1. Ao wgtn AAEsH v FES HEh
“Mean +SE (n=10). S . (Table 7). o]¢} 22 A FANZTI HulHL7e 2
il iforent ot o005 by Druncan’s mulile range e, C1EES Aolo] BE AFTAF Holo] U3 A1 3
d = 9t} Nishina 5(39)2 B84 Ao d/FE Ao

To| B xX)= 93-S =33 AFH(Table 6), CRIZNA A o 5% 7} Al BF FH=EE FE dFS PAA &
HEFNOTH A8 4702 dei) e dgzsd w o238 SA2HE $ES ka2 0895, Garcia
) Az ARG Sof =23 YAo] /b AL Ao 1} S0 AR g 84 HolH/E 5-7% H7HAE
Ehgth CR2-HT# CR2T | A= PGE,9] A4to] 723k o 5'—fﬂl*\iﬂi FES YEga Rustel B Ao A
CCato|L} CPFo] Bl Goj@ oz we 2220 nyr y) 2T(CC)ol Hlal] ARS T3 CPx o] S &HE
Aol A T A uake] Bo)7k BES FHule] MgH AL o 7P A e 23} 9T 84 Aol dFY
oFm As|7ke] BEL gFAL 2o 7= (35) BB XﬂLH S 2HE AR TAE HoldR AT 95 &
Fo| A FAAZS A2 ste A G oA T A At AZF glem g2 AAE) o A A4, o)+ 4
ARy s olste] AAlel thakst 229 Yol e o] T FHZHEY FrAM o3 aHRETE FFA
£ RoE RuEh36). B AN BFo] oy AFT WA Expell 2 7ol gle sles Ausn gl
z50] AUe 2183 % 9vk= Scheppach 5(35)9] B1 (42). AFHEL BE&A HoldF=Z BFEU 7843 2ol
= Ao|egg e rE AAE x| ate] giA o] A< Aot vl3 A E V)5S e AoE Ba(9)9 1l
LS e & g o Z 7gidn. 53] n-REE onzZ o8 FAS VS B EF FHZEHE FEE
e AT GRS ATHE R olollx gBg e AT A%E BAEM Vanhoof Schrijver(1) RS2%
A= Tt AR ek A 9ol A BaET g o) RS3 Zt7te] FHE 2o FA 9] 50%= FF A AdFH A7
Gz 2o AlolEdle WM Aeo s qr DA RSERA me BHE vasge W Rs3el 44 A
ol Aoz Ay Yrk37). B AT HNE RS3 P RS2 A3 dut A | F FdzEE, 2 FHE2HE, I 24 T
A ORAE Heele] el f0E A Qe PGE, ) D¢ o0 HEATHL BASHIE L Seol TADS Al
o) AAto] 2123kl T, o= RS Az o] o)k vz A Akl A& RS20 &3t HASE AAstE 89 F Ado] A
WAZ S8 BEl2abe] Z7tsh QA sk RS A7} o) AT Baste] £ Aol A AR T/l AR
Folrel 9% AP 4+ A Aoz FHA, o) 99 T S A Fel A E el (i AR QA
At AFAEL helical structureE 7FA L QoA BFAE
HEAXE s I Ao wor THEAe wjd S ST A
HEGEH 7} A&EH A2 wjEEolor & FH2HEH Ao g 3 FYULHES Lo 2 o|FAA A2 FFA
AW Fol groz yrtA xZstar ) AF{AITke] A E o = AT EZN 5 FHZHE FFS FaATIE RS

Table 7. Plasma lipid concentrations and atherogenic index of the rats fed experimental diets (mg/dL)

Group” Triglyceride Total cholesterol HDL-cholesterol ~ HDL-C/Total C (%)” AP

NC 135.05+1.47%% 132.76£2.21 52.07+2.88" 39.30+1.89" 157+0.12°
cC 134.96 +0.09" 173.35+4.81" 52.48+1.94° 30.80£1.29° 2.27+0.13"
CP 120.96+1.75" 135.03+£7.88° 50.70+2.21° 3814+1.94° 1.50+0.15"
CR2 125.86+2.37° 134.08+9.72" 63.94+0.66° 50.34+3.68" 1.05+0.16°
CR2-H 126.22+2.55" 118.31+5.08" 63.18£3.89" 53.50£3.17" 0.91+0.13°
CR3 135.86£2.12% 121.02+3.08" 66.45+2.50" 55.78 +2.07* 0.80+0.06°

1)See the legend of Table 1.

YHDL-C/Total C (%): (HDL-cholesterol/ Total cholesterol) x 100.

VAL Atherogenic index=(Total cholesterol —HDL-cholesterol)/ HDL-cholesterol.

“Mean+SE (n=10).

Values with different superscripts within a column are significantly different at a=0.05 by Duncan’s multiple range test.
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