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Abstract

AIM: To evaluate the effects of resistant starch (RS) fer-
mentation on colon health-related indexes, including bowel
functions, luminal short-chain fatty acid production and toxic
compounds excretion.

METHODS: Fifty-seven healthy male SD rats were ran-
domly divided into 5 groups based on body weight, and
given basal diets with 0%, 6% and 12% RS, or high-pro-
tein diets (36% casein, HP) with 6% or 12% RS,
respectively. After fed for 3 wk, gut transit time (GTT) for
rats in each group was examined; at 5 wk three day feces
samples were collected and their contents were assessed;
at 7 wk all rats were killed. The morphological and histo-
logical characteristics of caecum were observed and the
caecal function was evaluated by determination of the
weight of caecal wall and caecal digesta, detection of cae-
cal short chain fatty acid (SCFA), ammonia, phenol con-
centration and pH value.

RESULTS: In comparison with those in rats fed with 0%
RS diet, shortened GTT was significantly shortened (601 +
49 min vs 700 + 58 min, P <0.001), stool bulk was in-
creased with more moisture (1.04 +0.22 g vs0.37 £0.12 g,
P <0.001), and weight of caecal wall and caecal digesta
was also increased (1.12 +0.14 g vs0.73 £0.13 g, £<0.001;
478 +1.449g vs3.00 +1.12 g, P= 0.004<0.01) in rats fed

with 12% RS diet; the concentration of SCFA in caecum
was two- to three-fold enhanced by 12% RS (35.5 + 11.4
pmol/g vs 13.9 £ 6.7 umol/g, P =0.003<0.01), while the
concentration of ammonia in both feces and caecum and
phenol in caecum decreased (0.26 £ 0.13 mg/g vs0.59 +
0.15 mg/g, 0.35 £ 0.13 mg/g vs0.63 +0.13 mg/g, 2.03 +
0.42 mg/g vs3.15 +0.55 mg/g, P <0.001, respectively);
caecal and fecal pH value dropped significantly (6.26 +
0.36 vs7.46 £0.28; 5.67 £ 0.31 vs7.24 +0.31, £<0.001),
and the variation of pH in feces was greater than that in
caecum (P <0.001), suggesting extended fermentation in
distal colon. Rats in 6% RS group had similar but inter-
mediate variances in fecal ammonia, caecal phenol and
intestinal pH value (P <0.05). All indexes mentioned above
were dose-dependent (P <0.01). For rats fed with HP,
GTT was prolonged. Fecal bulk and caecal SCFA level
dropped in HP+12% RS group (659 + 47 min, 2= 0.009
<0.01; 0.80 £0.29 g, P= 0.005<0.01, 24.6 + 13.6 umol/g,
P = 0.043<0.05), compared with 12% RS group. The con-
centrations of caecal phenol in HP+6% RS and HP+12%
RS group were 3.20 + 0.49 mg/g and 2.71 + 0.55 mg/g
respectively, significantly higher than that in 6% and 12%
RS groups (P <0.001); fecal and caecal pH value elevated
as well. However, as RS intake increased (12%), these
negative changes above were attenuated (P <0.05). There
was a significant interaction between RS and casein on
fecal dry matter and caecal pH value (P <0.01). Histologi-
cal observation showed no abnormal changes in caecum
tissues of rats fed with RS.

CONCLUSION: RS is beneficial to sustain intestinal health-
related indexes and has potential protective effects on
bowel functions. Adequate RS intake could attenuate the
negative effects of high casein on colon by improving bowel
habit, acidifying intestinal tract, promoting SCFA produc-
tion and decreasing intestinal inner noxious phenol.
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4588 il 0% RS A ARHUAEL, 12% RS 4H KR, GTT B 248
43601 + 49 min vs 700 + 58 min, P<0.001), ZEfFEE.
B B N AR BN 1.04 £ 022 ¢ vs
037 +0.12¢g, 1.12 = 0.14 g vs0.73 + 0.13 g, P<0.001;
4.78 + 1.44 ¢ vs 3.00 = 1.12 g, P=0.004<0.01); EMHN
SCFA i1 2-3 £%(35.5 = 11.4 Mmol/g vs13.9 + 6.7 Mmol/g,
P=0.003<0.01); & . BN LHEKE FFR0.26 +
0.13 mg/g vs 0.59 = 0.15 mg/g, 0.35 = 0.13 mg/g vs
0.63 = 0.13 mg/g, 2.03 = 042 mg/g vs3.15 = 0.55 mg/g,
P<0.001); B A HIZE{E pHIER{K6.26 + 0.36 vs7.46 + 0.28,
5.67 = 0.31 vs 7.24 = 0.31, P<0.001), HZ{E pH T
T B pHIE(P<0.001), HE7RRS Lzt i & e .
6% RSLZEZ . B Sl pHIEIME T EE T RR(P<0.05).
VL B 4808 SRS EAFTERH A AR SV R R (P<0.01).
FIAHR Z 505 RS 4HAHH., HP+12%RS 2H KR, GTT IEK:
(659 + 47 min, P = 0.009<0.01), FERF/0.80 =
0.29 g, P=0.005<0.01), BHINZEY SCFA FEK(24.6 +
13.6 Hmol/g, P = 0.043<0.0 5 ); HP+6RS% HAIHP+12RS%
HAEHHNEH G AR 3.20 £ 0.49 mg/g, 2.71
0.55 mg/g, P<0.001), HAziE pH 7. {HREE RS FEA
BN, X—BIG A AR, HP+12%RS HZE(EKSy, B
[i7 SCFA. & Bk} pHIE) S HP+6% H A BE R
(P<0.05). RSHIEETE A0 28 T B B i pHEA BE AL
HAEH(P<0.01). HELVRELT) A B R SCE AR R SIS R
=7l A g e
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BEM, £17, 15, TEiF. @18, T8, FIEEnSINEEN ARzsR
EREVEID. WRECNHERE 2004;12(11):2618-2622
http://www.wjgnet.com/1009-3079/12/2618.asp

0 SIS

Blash HZEL. BERFRA. BASERER. 1
NI P A B RRAE 1 A A= . B RORS Atk A
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STTERT BRI EER . RIS RIS BE g /N N B DE R il I
AL, BRUNPETE RS TAEAL (EURESTA)FI FAO
1 “ R AN T AL T B R S
YLHETEHT (resistant starch, RS)m. HTF RS AL “dki”
/NTEA T RIEE i AR, PRIHCRE R X i A (R
X, FRARTE S A E S . MR AR EREET , JERZE
AV 5 7B (R R OC R A B BURT VAL . FRATINGE I N e
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JiiEA i FREAR = ) AN R 2 A R IR, ik RS
3 R A R TE AR A

1 #MRRGEE
1.1 AR EE TR f L T WA TR IR B v
By, 3% Champ” 5 #3022 RS 80 0%; Hylon VII H 32
B E R A /R AL, A ERE T LIk, 4
FE RS BN 50%. 57 HAEFERAE & SD KR, 4,
A 140-180 g, W4 A H [E ER 2F Rl B s 8 ol
HEA R F T NPT 3 d. AR (A FEAT UK R
SRS, Hh3H 94T RS EN 0%, 6% F112%
HYFERIREL, 7342 H KRR T & 6% RS 12% RS
A B AR HP+6%RS, HP+12%RS). falRHA 7 HiHa
AN BEVERIRE. FERBIIRL 22000 5 2 0 H (e ke):
HEH 180, JEN 594.5, YN 50, DL- FEAR 3,
LYEE 20, IREGHAFK 10, IRAET Y40, HHF 0%RS
ZHARDEL R B TE R A R FHRE S TE K ; 6% RS2 Tl 129%0RS2
AR A BB 12% F1 24% (1) Hylon VII, H4H
HSE FERTEL T m AR R R R S 360 g/ke,
TENTA 414.5 ofke, HApor[FIERE AR
1.2 F ik KL s+ RN g, =ik
HEFFTEQR4 + 2 C), MXHEEEHRIZEGO + 10 %), W
BHRF R 12 ¢ 12, s HAlE shi A it & Kik
K, BRICEHAER, B3 dIERR 1R 525 3 wk
HATIAE R B [ (CTTR S SE 8, 45 40 K AN it 7%,
FIRHIE R A FHET 2 mL BV AR
(200 /L), kR E N RPTIRE IEE KRR, WEE
FRMGIE 5 T 4 2 HE D ek SR A IE] . SE38S whE A THE
fESCE, %4k 3 d WEE KRR, e 2 e,
KAy, pHAH. E&E. L7 wk, SEAEKHT
IR, EEw, WEEmEE. &5 IUEhEE
AT kA BUS I N 250 pH L B )
HENRWT R (SCFA) B A () & . 2808 . B, Bk
KNy o R PR B s pH AR R (pH 1);
SN E % A B BT Helen MeCullough 7732, BUEURE 4]
WWEEA G, WS, R 55680 | 5
A 1S A Na,HPO,, NaOH F1 HCIO0; Y 2 457 2
JR, HeESE; SCFA SR GC &M, Bkt F B R )
Fr I E SR HPLC 5P

BT F IR AR PR L meantSD . 41 1H]
2= SR S T 2SR S, W 25, 4k
225K one way ANOVO #1700, W AT
P J5 AT A, R AT R H 2 R R T 25017,
AT R F Pearson 325, K236 7K#E O 4 0.05. B 4iit
22T R SPSS AR

2 BER
SEEG RS AR BRIR IS S IEHR , 12%RS i &&=
FAR T A T s, (A5 HAAb R4 3h BE
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P2 R (R 1).
2.1 RS &P 5236 K R T B w9 %+h RS Beth W7
Wi N SR (R HE SR, B IS & (il
KA S IR RS EA. H 129%RS 4
GTT, ZE{HT S FKor & m¥I M 0% RS A i 5  2=
FE(P <0.001), 6%RS AL —EL, RS X465
HISZMAE R 035 1R F N 26 2R (P<0.001). FIARR 55
& RSAHME, SHEAMFE KR GTT K (P=0.009
<0.01), Z{HETFREFILP = 0.005<0.01), K4E=
/(P =0.011<0.05), HP+12%RS 215 12%RS 4145t
A o S 2 S U I o R R T R i R FRL E  HEE
M. HEEE RS BRAYEIN, X —BEH TR ).
2.2 RS BRI E MG Hm FIO0%RS AAHLL, 45T
RS IR B RS S, JCit 6%RS 4Hif 2 12%RS 4
B, BniEie. B /Rl a
BN Ay R R, HA 6%RS HHE
INZE T A 12%RS 45515 5 0% RS 4 o 1k 2=
FH(ER2) W H LY AR A R LA T RS KR A 4 57
W IHLVE. SN SN2 RS AR, SEAAR

M ERTEREE B ELER, RASEARENEBE
FUKAE W E .

2.3 RS sFEEAR = 4 A AR 129%RS KR E BN
e, AR, T M SCFA YR EERH & &5 F 0%RS 41F1
6%RS ZH(P = 0.003<0.01), 452 0% RS 411 2-3 1%,
B~ SCRA YRS 5 RSEEA Z[A7AE IR 5 R K R
(P <0.001), ZR - NIR - THREE/RIL N 36 239 125
(0%RS 217 29 < 51 < 20) (& 3). FI SCFA #HZ, 6%RS
U 12%RS AR FRAEE . BN AY & s Ak g
BIE 0%RS 4 8 FFFIR(P <0.001), . Bk -5 RS
BAL R EOMX, 2555 B AR R EH G S 2R
BN AEY SRR, 1 W 6%RS 4 12% RS 40 KA
B HE B S 0%RS 43, 1278 RS X
ENAFCED YRR TR, FAR &R ERIRS
M, SmEAAKRRET N SCFA KA AR,
B A (B G R Ey A B B . REIZR R £ 5
Br, R AR ACE S i N B & s i
E(F=32.28, P<0.001). {HffE RS HEARIE I, SCFA
HOEARE BT, HP+12%RS 4 Z B F T Rk

F1 PMEENXARKRE. FREZKNFESRNZE(meantsD, g)

il n L] B HEEEK HEE GTT(min) HMETIRE /A 2K (%)
0%RS 11 335 + 35 169 = 14 167 + 33 15.0 + 2.5 700 + 58 0.37 £ 0.12 305 £ 7.3
6%RS 12 324 + 23 168 + 15 156 + 28 14.6 + 2.3 662 £ 53 0.45 £ 0.16 35.6 = 8.0
12%RS 12 360 + 46 168 + 13 188 + 47 175 + 3.3 601 + 49™ 1.04 + 022" 448 + 8.8™
HP+6%RS 11 331 + 31 167 = 16 164 + 38 158 + 1.9 673 £ 55 0.71 £ 0.19° 298 + 5.4
HP+12%RS 12 355 + 29 168 + 13 187 + 25 16.8 + 1.1 659 + 47° 0.80 £ 0.29° 36.4 + 8.2%
2P<0.01 vs 0% RS; “P<0.05, “P<0.01 vs 6%RS; °P<0.05, 'P<0.01 s 12% RS; *P<0.05 vs HP+6% RS.

Fz2 MENNAREBRENE(meantSD, g)

il n B EE HhhERE HIGEE [ R E (%) WY &
0%RS 11 373 + 1.14 0.73 + 0.13 0.22 + 0.07 3.00 £ 1.12
6%RS 12 4.96 + 1.62° 0.82 + 0.26 0.25 = 0.08 4.14 + 1.78°
12%RS 12 5.90 + 1.49" 1.12 + 0.14% 0.33 + 0.06™ 478 + 1.44°
HP+6%RS 11 4.14 £ 1.05 0.86 £ 0.15 0.27 = 0.05 3.28 £ 0.98
HP+12%RS 12 6.45 + 1.25 1.13 + 0.16' 0.33 + 0.05' 5.32 + 1.23
P <0.05, "P<0.01 vs 0%RS; °P <0.05, °P<0.01 6%RS; 'P<0.01 vs HP+6%RS.

=3 MMENNERNE SEEYERNFIE(meantSD, Hmol/g)

Vanil n 2 ] T 4 SCFA
0%RS 11 46+ 3.2 6.1+25 32+£22 13.9 = 6.7
6%RS 12 6.8 £ 5.0 7.1 +52 46 + 3.4 18.5 = 13.0
12%RS 12 124 + 46° 139 + 63" 8.5 + 3.1 355 + 11.4°
HP+6%RS 11 54+ 34 59+ 2.5 3.7 £ 23 15.0 = 7.7
HP+12%RS 12 9.3 + 6.0° 8.9 + 4.3 6.4 £ 4.1° 24.6 £ 13.6°

PP <0.01 vs 0% F1 6% RS; *P<0.05 vs 12%RS; “P<0.05 vs HP+6%RS.
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F4 PHESNESRBYEMNEN(meantSD, ma/g)

= B
ancl n
HHNEY 2EfE R E Xt F REp

0%RS 11 0.63 + 0.13 0.59 + 0.15 1.05 + 0.15 2.10 + 0.43 3.15 £ 0.55
6%RS 12 0.51 + 0.22 0.42 + 0.17° 0.78 + 0.11* 1.67 + 0.29" 2.46 + 0.36°
12%RS 12 0.35 + 0.13" 0.26 + 0.13" 0.59 + 0.16™ 1.43 + 0.30 2,03 + 0.42™
HP+6%RS 11 0.52 + 0.13 0.44 £ 0.17 1.05 + 0.19° 2.15 + 0.39° 3.20 + 0.49°
HP+12%RS 12 0.35 + 0.07" 0.29 + 0.11% 0.86 + 0.15" 1.85 + 0.42' 271 + 0.55"%

P <0.05, "P<0.01 vs 0%RS; °P <0.05, °P<0.01 vs 6%RS; P <0.01 vs 12%RS; *P <0.05, "P<0.01 vs HP+6%RS.

B ET HP+6%RS 4 (P= 0.018<0.05), HEMKEE TE
F(P=0.001<0.01), ULHIIEH RS AIHEA (12%) R DI
e B 5 RS B B W S i R 4).

2.4 RS 3t ik pid R ERIE G e SLIG S G RS
WA, BN EYRZAE pH 8E T B PR
ElE RSAAME, BHmEDFE LK EREE pH &
=, (HIEM RS $EART LUB SOt 2R X — 81k, B BT
AFPAE R, EBNAEY pHAHLE, 45T RSHY
LA K R pHAE N RS £(P<0.01), $#2RK
s R R FT R i, 2 B LT K (3R 5).

5 HMEYXFE oH EHFM(meantSD)

ZefE
21 51 n BHNEY
0%RS 11 7.46 + 0.28 7.24 + 0.20 7.24 £ 0.31
6%RS 12 7.18 £ 0.31° 7.23 £ 022 6.12 + 0.20"
12%RS 12 6.26 + 0.36™  7.20 £ 0.14 5.67 + 0.31™
HP+6%RS 11 748 £ 029°  7.20 + 0.25 6.52 £ 0.24%
HP+12%RS 12 7.14 £ 032" 722 +0.15 5.93 + 0.34

:P<0.05, °P<0.01 vs 0%RS; “P<0.05, *P<0.01 vs 6%RS; *P<0.05, ‘P<0.01vs
12%RS; "P<0.01 vs HP+6%RS; P <0.01 vs 2520 B IFH N A4

25 RSEBANT L B F5Ar e 48 A PR A 5 K Pearson
AMRAHTIER, ZEARFREEEHN, RSEBARZRSEW
BB B EH AL (P <0.01), 545 mEfE i
AP0 i A B (3 IR AR 6 (P <0.01), S5l%6E pH
I 2 B~ M AR (P <0.01). ZIRZE T 404
F=W, EARRE D ER GTT, b miE NNERA
(P<0.05), FELEMRSSE, HIMEHNEG & 2K
FtE i pH A (P <0.01). RS FIHE [ i X 208 1 i &
HI pH B4 B E L HAERH(P<0.01).

3 e

TEMIERAE £ A, BB EIGIE E RS s iE
WOREEAR L SC B, AT AR R, EERER.
BB NS SRR & A S YA, e
FELBAFMRELE S, aR. i, BESEE

VI A S IR IR 25 98 2 AR fE B e A SE BRI 2,
Wi TSR MR KAL S Y (elycemic carbohydrate) 3 AJ
e 5 A A HR M.

KA G AR B R S T/ N I TH A R 2
YA, ATHALERIK Ab &8 (indigestible carbohydrate,
IDC)AT iR/ NIZTEAL, HEAZE IR, TR AN TH ALY
— MR O=, AETEM Z2HE . RS, (RERME
&, BUHALIE T IR | IRTE O RE R AER, FTYE R
YR B EE TR, DRI GE . SCFA 2
IDC B FZEL Yy, AT RN b R 4 ilie, T
WEFNAILE A, VE NS5 N F 2B, SCFA i L%
HRFA X Il b B B AR IR AT i pH , 4E
P IARE B A BT I S B 45 A R3S, 545
FRA G, o TR 2 o B 3 I B 4 S 52
B, AOGRMLRER, HOW Y 408 A9 A 1 R a ™,
AEFFPAMIEA, R 4n i ) AR 4O e A
. BT SCFA A] DASIE i B 18 e g s FrK e e, B T
O — L6504 SCFACIN T BREMTE NG IRZ M iR
SR RAE . EE", MR iE FAREUGIE S R
FIHERE T EE T B2 (E R R T R AN
BT A R o R A 45 T E5E AN
JRIE SCFA A= U RAF T B 52 GTT. MRV, 24
Y. HAbE SRR, AREKAAS YN
SCFA FEAHAL . B . RS s fr A,
RIS B YIRS B2 B 43 HUARXTE =i (80%). FH Al
FAIIDCARLL, RSTESSH IR Fiek, Sl FUEk. M
ARFIATEEZPEE A A ANRTRE, B AENE N R
RS TEA, AREEIE 949 DL R R SCFA
AR IR Y, N ERA TR EE R T X —
FIRFERA TR S RNIESD), X454 FUIHe %
M AT EEAR KL S —Jr T, FIERM AR EG, RS ATLASE
G o AR B L, AT IR | X oy e W 41
WL re R 2 REAS A T B AR AT S AT
JERE A G R

A RS iz B (@R E AR Rk B 2 ks, 3
S HX R F R A EY L - BARE . B
N- RS AE RS, TR FIGY T 45 B P EF v
BHEP PR &L B B, IR R
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F 7RSS I S W £ 2771, E(NHa) BRI 45 i e iz
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K, ARt B 8 S A e e A 13 s | e B B A 2
HogY, (HH A H B ECE. A TF AR EA ST T A
EPFREAACE, DR RS MHE N, B
. 25 RR, AEEAFRBEAMRIMNELR N, & RS
AfEAIE A . B NI, X ATRE2 T RS MIEHN
PR HE T A MR & iR R IR, (2 0F T4
FER A PR E AR TR E AR AR, N
DL L B YA R AN B AR 22 W T B R
AW XA, W T S W A AR DL BB X
Wi, [RIEBZAE PN SCEA FIERPE PR % B3 R i & X ik
We, MR IR IR, 76 R R i ZR e
KEWHIEHN SCPA B2 TR, BrikE A, Z4E R
EAAL, 12%RS BeB S ik s AR b, —SLikdR R,
REEARNERBEASSE R LEERX, HEARK
AR AT M A S AN ARSI s R, BREE AT
DIEHE SCRA 177 A, UiPHER A AT LU A SR b
FIETR, MImAEst & ™ (B e — s b= H50E A0
B o Sl i A MR SRS B 1 SRR AR B B L
EHASERMNIEED. REEANSIYES L
S ELARA TR T U e B 2R A B R RE R I B A
KR, (BXE pH 215 RS B HEM, $2R 3
Al BesE A AN R s AE e il A, R I I HE
R 1 I B 1 R S W iR &R AR LR 2 S B AR
S A KT B2 9%

Rz Ah, SRS T RS AT DLEIT-Hb vl 25 17 18 3
J1, HEImERR, EmEA R E e, 45
Wi MR EIASR. TS R T2 R BRIl pH
TRE0.5, ATREIRE ARG, RS A AT LIRS 18
pH, B pH 2K, 2Rk T EN AT iEB H
INIGHE IR TH AR TR ST, A it B O I R
Z RV E K. T LR R 2 W
FARuE s, B RS X AR pH 120 B 45 5 H
BEER L. KT RS WG B R & . 4efiinilE
TERMEFIMBLH, UIKA RS S5EA K. Iehif koK
&Y 2z (Bl 22 BAE it — 2o
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