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The Effect of Dietary Pectin on the Upper Gastrointestinal
Transit Rate in Rats
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Abstract

The effect of dietary pectin on the upper gastrointestinal transit rate was studied. Rats fed fiber-free diet
or 10% pectin diet were offered 51-CrCls, a transit marker. The movement of 51-Cr dose through the gas-
trointestinal tract was measured at intervals from 20 minutes to 6 hours after dosing. Pectin significantly in-
creased gastric emptying rate upto 3 hours after dosing. Pectin also increased small intestinal transit rate
from 3 hours to 4 hours after dosing. The results suggest that delayed gastric emptying is not likely the im-
portant aspect of the mechanism by which pectin could flatten the post-prandial response of serum glucose

and insulin.
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+= A &9 A (the sum of the various indigestible
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ol Algujakel ZA7Atel, A’ Aole Tt ¥
o, Ab-2-% HEl o] 259} gastric emptying rate®] 373
weie] @heh 42 e Az e debd 4
g A A F ol 2JsA] H=lo] Ao]e] AFF-A3TY o]
4% (upper gastrointestinal transit rate)el] @il
g a7 Baie] Ardd.
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o v & e ZASIRAL gk B AF= M=ol
A 223 AP TS5 WAE Y
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elo| gastric emptying rated H3HAA a3t 2344
ol A7) 7] o dAE FHetE bl 2% & Aotk
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AHEE U AEAol

A2 110~120g2] Sprague Dawley®E 471 313 80 =t
2] ol Al 10~259 7+ F-44-5-4] o] (fiber—free diet = FF diet)
2zt A4 0l 8 =42 Table 13} 2o,
Aols} B2 AfZol AHAHE FEL stainless
steel wire-bottomed cageel| & wl2]4 43¢ o],
EEAGA L &5 (20~24°C) ¢} FE AEl (55~65%)-
2 zAd95, 3L 1247} cycle %9 (0700~1900
light and 1900~0700 dark) &2 slgich. FA-f2]e] &

Table 1. Composition of the basal fiber-free diet

Ingredient Amount (g/ 100g diet)
Soy protein' 20.0
Corn starch? 70.0
Corn oil® 5.0
Salt mix* 3.5
Vitamin mix® 1.0
D,L — methionine' 0.5

' Teklad Test Diets, Madison, W1, USA.

2 Corn starch from Miwon Food Co.

3 Corn oil from Baeksul Food Co.

4 Rat mineral mix, provided : (in mg/100g of diet) CaCOs,
725 ; CaHPOs, 1130 ; Na2HPOs4, 651 ; KCI, 730 ; MgSOa,
230 ; MnSO4.H20, 15.4 ; CuSOs, 1.3 ; ferric citrate (16.7%
H20), 15.1 ; ZnCO3, 2.1 5 KIO3, 0.1.

5 Vitamin mix prepared in glucose, provided : (in mg/100g
diet) D-biotin, 0.20 ; choline bitartrate, 100 ; folic acid, 1.
00 ; nicotinic acid, 5.00 ; D-calcium pantothenate, 5.00 ;
pyridoxine HCI, 1.50 ; cyanocobalamin, 0.005 ; (in 1U
/100g of diet) retinyl acetate, 1,000 ; ergocalciferol, 125 ;
D, L-o-tocopherol acetate, 5.00.
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F717H(10~259) 9] mhA9 347}, LS FEeAA
Ao] & A TR ggten opAel Alels} 0.5mid
10% A e8¢ FF34ch Aol daabelwt AHr
2o] A2stA 84} (daytime train-feeding). A5}
W Alole] o] BEEE 2R A, TEE AL A
Z W FAF 17592 7 F T2 M & T
L& TAHAe], & FL 10% HEA]e] (10% pectin
diet=10P diety & FE2tt Tt BN ol= F
A4~ o]o) = E (pectin, grade I, from Citrus fruit :
Sigma Chemical Co., St. Louis, Mo, USA)& 10% &
o 2 A7}sto w9} #A €] polygalacturonic acid
% 86%0] %12 methoxy contenty= 9.9%% t}.

Aoje| Mg asiahl o|EHEe £F

NESEE 2N AL, FEAA FHFA ] =
E ARAlel & J5 TFE A HEdde Ao)E
FFshA @l ogd o3 288 FARA ) B
€A o) & FFech FEo) 289 A& AHT
= (eF 40% £ 8), 1uCig} 51-CrCls(Chromium (I1I)
chloride in 0.1M HCI, 400mCi/mg Cr, 10mCi/mf,
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Fig. 1. Dosing protocol.
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Fig. 2. 51-Cr counting efficiency at various heights.
Counting efficiency of 51-Cr standard solution of 0
5cm height was defined as 100%
Efficiency (%)=101.5892 — 3.06439 X height (cm)
R?=0.973478
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Amersham Co., Arlington Heights, 1, USA}E <] 0.5
mie] 10% Adet-gA& petri dishell Fo} Al 3¢}
(Fig. 1). dedg-o] el AR 5550 ALHL
251-CrAdg 49 AAT 7 (F 58 48), 189 F
AfrAle] me H1Alo]E o] FF3dd. FEo] 51-
Cr doseE A1 3% ¥ petri dishel] ZH-F%F 51-Cr& 5ml
2} 10% SCAT-20 x -8-<Y(Nacalai Tesque, Inc., Kyoto,
Japan)2.2. 24A17 gt &84t FE9S APH
o] €744 y-counter(1282 CompuGamma CS Gamma
Counter, LKB-Wallac Instrument, Turrku, Finland)2 %}
Aeg FAse . $E0) A3’ 51-Cr dose (con-
sumed dose)x= FEo A Al-&§ tuCie} 51-Cr dosedi]
A petri dishel] 25 3& 4 gt o2 Aot 5
Eo] 51-Cr dosed AT A|AE YA 2 31w, 20
B, 40%, 60, 90%, 120%, 313}, 4A17}, 28] 2L 64]
b BE& A AAAL 9, 2%, 3F, A 2=
3 g A sted 27 Aol 7 F 2 Fol &
223} 3 y-counter 2. WAL 58 23 81 o}, ¥-counter
2 A ge walsg 24% d, counting efficiencyx
A &S Fol7k F7hgel uhe} awch Folzt 2]

& 51-CrCls RE4-92) WAbs$ FH 33, 0.5ml
o] #&490] A @FelA A3 Fole 0.5cme]
germa o7t 0.5cml £42] counting efficiency
2 100%2 253yt 019} counting efficiency®]
BAE AAFA Yo ol A4S Aok &3 2o
(Fig. 2).

Counting efficiency (%)=101.5892 - 3.06439 x

height (cm)
R?=0.973478

meba BE A7 WabeE goldd ©E counting
efficiency?] #o] g zmelsle st rh. 7 Algd
45 51-Cr dosed] of& A 89 YA5E FE A
33 51-Cr dose?] W &£ (%)2 A3}

BAlXE|

£ 47 =€ Ade F+RFUAE FA S
o} #8e] Alo]e) A3 AT | FEE WA E &
A5 golrnr] st 2k F7e 2l AAL two-
way ANOVAE AHg-s}4l ). Tukey’s multiple range test
(@=0.05)E follow-up procedure 2 A}-8-3} g c}.
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A 747 A Al M = WAt ge] A& A ¢t 208
38| 64171712 2} A) A ol T4 Aol 23 gl A o]
Foll A ztz} gk vte)e] B B8-S Adsld e A s
1 remaining carcass (334§ A ¢ FEALANE ¥
dstgch 2 B4R AANE NPT F F
AHeg 23Y At 51-Cro] A2 EA31A st

wzba] 51-Crd AP ol e5x RAE-olet ¥
T glo). H"e] A3F o] TS xo F= YL 2
Alsl7] S8l A= Aol HKle] o]EEE AR
A7 o EAstedof gt 2oz £ Y=
FES 35 AolE A FR2A1 H, FEol
AAF (3g)e] FAfA o]l v AR E AHY o
A st o] 5452 Apo) o) dfEte 2AES T

Table 2. 51-Cr dose past stomach’

Group n’ 51-Cr past stomach
(% of consumed dose)
FF’ - 20min 5 28.2+ 4.8 (a)
FF —40min 5 42.3410.6 (ab)
FF - 60min 5 48.7+ 8.0 (bo)
FF - 90min 5 50.4+15.8 (bc)
FF —120min 5 63.3+11.0 (cd)
FF —3hr 5 70.8+11.7 (de)
FF - 4hr 5 99.2+ 0.6 (g
FF - 6hr 5 98.9+ 1.5 (fg)
10P * ~ 20min 5 57.5+ 7.7 (bed)
10P - 40min 5 81.4+ 5.8 (ef)
10P - 60min 5 87.5+ 8.0 (efg)
10P ~90min 5 84.5+ 9.1 (efg)
10P ~ 120min 5 90.2+ 4.0 (fg)
10P - 3hr 5 95.8+ 2.2 (fg)
10P - 4hr 5 98.3+ 1.3 (fg)
10P - 6hr 5 99.1% 1.4 (g)

' Vaiues are means +SD
Values were analyzed by two-way ANOVA
Tukey s multiple range test was used as a follow-up test
Means differ significantly (p <0.05) if they do not share a
common letter in parenthesis

* Number of rats per group

! Fiber—free diet group

*10% pectin diet group
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Table 3. 51-Cr dose past small intestine’
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Fig. 3. 51-Cr dose past stomach.

Each point shows mean =+ SD for the corresponding
group of 5 rats.

Aol 9] AlR 43} o] FL4E = gastric emptying
rate®} small intestinal transit rate2 ¥ A]3}g o). Gas-
tric emptying ratet= 51-Cr dose® A 3 F A x| 7}k
T HE FHEA 2L o) FR} 51-Cr(51-Cr
past stomach)®] ¢}2 2 el gic}. Small intestinal
transit rate= AA-S E3}sted 5o g o] &3 51-Cr
(51-Cr past small intestine)®] oo 2 FE A}, 51-
Cr past stomach¥ 43, A3} d)&el -5 51-Cr
dose?] oz A5}t 51-Cr past small intestine
& 23 Aol ¥ 51-Cr doses] o g viehll
ot A1 Zke) 3ol w& 51-Cr past stomach2] w3}
+ Table 254} Fig. 3¢ Yebudlgic}. 51-CrE& 43T ¥
208 ot HR Ao FME 57.5%2] 51-Cr doser}t
AE Bt ot FAFA ol TN = 28%te] &
sl e} 408 Al o] Fell A= 81%7} 91 & 5%
oot FAFA ) TAME 42%REe] FHHt
2023} 4050 Aol FAHFA o]l vlsl %
2w1 8} 51-Cr dose7} 915 &332, F TAtelele
Fro)Ade] glglt) (p<0.05). 40EF 58] 51-Cro] HAH
AolZel 912 St S5 HA LA 602
87.5%, 28]l 3 3A1 71 %ol 96%7} Y& B3t}
Afralol ol A= 60F-F o 49%7t $1& FH3H
3ARFNE 71%7} 912 Eehich 51-CrE A AT
60, 904, 1208, 283 32 %] 91§ §34% 51-
Crdosed] o}-& dlgl Aol Fo] SAfAlolF M) o] B
otk (p<0.05). 4417k} 6 A HF- ol &= Rl A o| F3} T
Afraleld BF 98%o] 42 51-Cro] 915 FH34
3, HR o) F3 T4 fA o] T Aolel| F-2] Al Apo]
= et

Group n? 51-Cr past small intestine
(% of consumed dose)
FF’ - 20min 5 0 @)
FF - 40min 5 0 (@
FF —60min 5 0 (a)
FF —90min 5 0 (a)
FF —120min 5 0.4+£0.1 (a)
FF —3hr 5 209+5.0 (b
FF —4hr 5 464+6.0 (s
FF —6hr 5 87.6+9.1 (e)
10P* - 20min 5 0 (@
10P - 40min 5 0 {a)
10P —60min 5 0 (a)
10P -90min 5 0 (a)
T0P -~ 120min 5 04+ 0.2 {
10P - 3hr 5 407111 (0
10P —4hr 5 70.6x 55 (d)
10P - 6hr 5 89.8+ 6.1 (e

Values are means + SD

Values were analyzed by two-way ANOVA

Tukey’s multiple range test was used as a follow-up test
Means differ significantly (p<0.05) if they do not share a
common letter in parenthesis

Number of rats per group

Fiber-free diet group

10% pectin diet group
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Fig. 4. 51-Cr dose past small intestine.
Each point shows mean £ SD for the corresponding
group of 5 rats.

21o] A2 e gastric emptying half~time (/2 ; 4]
oJAAFE A WLEY 50%7t &AL o] F3) A
o ele AZhe FA skt Heale] e u/22 20
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Al 7k2) A 3ol @& 51-Cr past small intestine2] ¥
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3} Table 33} Fig. 4o Jehiidd). 51-Cr& AHF
% 1208 54t FAFAo| T3} AR 2 A 51-Cr
dosets Ao 248 $3hshA ¢keh. INZHE WA
ol Fl M & 41%9) doser} 248 FH3tg o}, 74
FAlel Al A e 21%7F E3std et 44T F =4
o] TollA e 71%, FAFAelTolA = 46%7] 523}
et 34243} 44 Zhell 2 & AR 51-Cref oF2 4
g Ao]To] FAFA o] wla WA gtk (p<o.
05). 6A1ZtF M- Ao F3} F-A{Alo]T F 88 %
o] 49 dose7} £4-& Ao, F Tkl
2| A ol f At

olH e ATEol i F2 HRF} 2L HA o]
7h&t A S gastric emptying rated F}AAlicky B
2= glot, Age st 226l g2} gastric empty-
ing rate® F7HAIFIAYG WA 7R dsttie ARE
Bl dubd ez Ay FRez 4N
ol 5]} 8-98 (liquid solution)2] gastric emptying-& =] <l A]
A}, A A} (solid phase)= o A A} (liquid phase)
Bop =2 SE2 98 EHUD. A So] A&
7sh A Ade] 7t fdo] Hi= d], o] £ FAHFK
2ol vla] A el o} FALSHA AshRbell A el A
ol 5% 4 slg Aelrh. 221t Rainbirde} Low' 7} #]
A A AP W nYAtRel A% A, 2 A
Hel g A gYol Foigk A9} ohE 5 S Ao
t}. Tadesse”+= low-methoxy pectin- gastric emptying
& 7} A1 7 24} high-methoxy pectin® o] & 2]« 4]
ek ¥ wdyich a2y g A7RIEL
W 5o HEg Al e BaustA] ddgict HY
A2} A7}l = €l o] gastric emptyingel] vl X & &
ohg A 4 Aok DL A7 bt gastric
emptyingg A< Azl 21}, dumping syndromegz}ol]
A e o1& 715ARA. & AdolAde A7 Fel
A high-methoxy pecting 333 of AH4-43i3h o)
X &5 Z gastric emptying rate®} small intestinal tran-
sit rate7} Z71E ¢}

HEel e wgido] Haluz HelAolE A FE
o 9 Y852 TR E AT FEol s B
o) 2 Qs 2 $97) 3ch AA HA"Ao] T8
e FARAe] FE8ug FAZ FAUL H9 $3
£ gastric emptying2 7}&5A| 71eb?. HEeldlol= FAH
Alo] B}l 92 o] #3A) 7] 3, upe}A] gastric emptying
& A5 A7 4 9 Heoloh.

Hunte} Stubbs”= 91 Wl-4-82] ohixd=s} S71d

5 AL o2 Yg-Eo] 4 Azhidl 9E Tl
T 2uslgich delale] & A 552 3] $4e] A
A ¢ HEE2 UL Es) oA, B2 9
W&-Eo) 4A Al 918 E3she] Aty o]
45743 5 9l e Aol

Zr g PR o 7R e AolA et F
Ale] QRPN Fodrko. ajeli] o] Ay 43t
W o] T4 g AAIFY, 221 - 0.7 goFae] F4s
=5 AAAZ 4 ek 2y £ Al s o] 4]
o] 2] A-43tgh] o] 4 EE & A Fich aepA =
o|ut guar gum3} ZHE A o] 7FEt A fivl Aol 2
3 Bl ¥ 443 dsshe AS g8k A
qle}, A Ao} 7% A7} gastric emptyingS 2| 2 A} 717)
W Folebe 7ML A YR e A A o] A&
Rainbird®} Low2] B ol of xjgic}.

el g AA7} 8] Bl FYA 2 o] 4E X o
g, t}E o 9f 4 2] bioavailabilitysl] <388 & 4 9lch
w3 ok 9ol bicavailability& |78 7ol &3]
7ho g Qo4 g FH3ty dA A7t Hell Aol F
g oS St ubH & AHERc) o] 33 Y& AHS-E
o HElo] £37) of ok 9] bioavailabilitys] ¢l x) & A 3}-E
A7 de delg ANg T3 AF A g Foh A
oA 1 dofae] AT ol TS e dA st
7133 g} o)2iqk AollA HEle] B3] %ofi9 bioa-
vailability & 7}4 (& Z7hAIZcE 295 9A € A
%, D72 2 A7 A o] 4314 o =it
g tsld M Elo] &4 bicavailabilitysl] 1 88 Fo] 18]
3 AFzE veld £ A2, o2 o2 = Hrle]
@2 2 gdofie AL o) EHEE A (EE
Z7HAAA dA A7 B}l F2(Ee B2) 9
od ek a7} F 42| (absorption site)ol] EAE1A Ho]
#Hg A7} vGeld 5 Q7] g Ee]c} Branch®} Cum-
mings? = k4o FHAEE SAY o AR-AsIy
o] B4 x 2| Ao7} shtel WStz A3 3l% o} ulelA
= elo] ch& ¢ 9F 2 9] bicavailabilitys)) 1 X 3 -2 7
Hal Al & A%, Aol % oFie] L3P ol F
25 9] 2ol st AE A sof & Aolc).

2 %
Alo] F-o] H o] Ao]2] AR AT o] F Lol

vl x| & o3 e FAEIEY AFH A A A =
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A4l 51-Crg Fo31 e} 51-Cr 3 208-3¢ 64
7R AR Az A& 532 FEL YA, 51-
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ARF a9 Qgdxe] G437 $715 ¢34 7]
£ Adr} Hdo] AR A3 A o] FEHEE A A4
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