TR B g R 29(7) 1 738~746, 1996

In Vitrowgoll &g Ao A2

= 2 @A 5 A9 25
o] A o
HE QR

Retarding Effect of Dietary Fibers on the Glucose and Bile Acid Movement Across
a Dialysis Membrane in Vitro

Lee, Kyung-Sook - Lee, Su-Rae

Department of Food and Nutrition, Ewha Womans University, Seoul, Korea

ABSTRACT

In order to anticipate the physiological function of dietary fibers, glucose and bile acid
retarding effects were experimented by using én vitro methods based on dialysis for commerical
fibers and dietary fiber residue of food samples. The glucose retarding effect in commercial
fibers increased in the order of alginic acid, guar gum, CM-cellulose, citrus pectin > apple
pectin > a-cellulose and the effect in food fider residues increased in the order of sca mustard
> Korean cabbage, apple > rice bran, barley, soybean, and tangerine. The bile acid retarding
effect in commercial fibers increased in the order of citrus pectin, guar gum > CM-cellulose,
alginic acid > apple pectin > a-cellulose and the effect in food fiber residues increased in the
order of barley, rice bran > sea mustard > tangerine > Korean cabbage, soybean > apple.

The higher the retarding effect of glucose movement through the dialysis membrane, the
more effective the control of the human blood glucose level. As the retarding effect of bile acid
movement across the dialysis membrane increased, the human serum cholesterol level
correspondingly reduced. Consequently these % vitro methods can be used as a preceding test
before undertaking animal and human experiments to predict the physioloical effects of fiber
residues from diverse food samples as well as commercially refined fibers. (Korean J Nutrition

29(7) : 738~746, 1996)
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2. Glucose & X4 51}

1) Glucose &2 24

Somogyi-Nelson®¥*'*el| we} ZAsgc}t. &
1% sodium azide $9¢] 2212 glucose &4
mlol %] copper reagentE A7 F boiling
water batholl A 10 &<t 7FE 83T o)A 3k B
Al WZkA17] ©h2 arsenomolybdate color reagent 1
mlE & g8t o] HH 0.1% sodium azide &
4 10mlE #7tske] 84221 o8 spectrophotome-
ter(Spectronic 21)& ©]43l9 500 nmolM FF=E

=459}

0.
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(Sigma D7884 : M.W. cut-off <1,200)& AM&-3}
o £ Yol 3.2cmel FA4%HE 10cme] Ho|2 &
0.1% sodium azide -§-%ol| 328} 9 thdof ALE
Frt. FAute] % 2 AR dustA B &
Auk o A AR 0.2 g& ¥ glucose 36 mgs
|3 A2 0.1% sodium azide £ 6 mlE o] Y
7 FA 2 998 F2& T 70 v 150 ml &
go] Algdel £71(274 4.5cmxZo] 10.5cm)ol Heol
14X2F 5 ARE FEAHY. Controld] Z-9&
glucose S5 B A4 ARE AAZT. o] 7]
o 0.1% sodium azide §9 100 mlE 7} & 37°C
water bathellx &717b 2714 sl 100 rpmo 2
2477k E<F shakingAlAh 44 A7 1A &
A 9 1 miES FHslo] glucose TS B8
Glucose &5 oA A= ofg)e} o] Aatstdtt.

Glucose retardation index(%)

=T T < e 1= M o O O S«

B Total glucose diffused from sack containing fiber
=100- Total glucose diffused from sack without fiber > 100
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1. Glucose &5 X &1}

EMute o] &3k Ao df9 glucose &+ AH &
2 17| 93 302, 605, 1208202 o] AHESE
) Aol 848 HrbstA %2 control® HlwatHE 1
NE 7 AME B2 Aol frol A glucose T AQ &
7} 9= Aoz vehdtHp <0.05). Glucose F3&
& Ry 27)ole F53) o|FARY FAA] B
2 Ejlgo] "ojgon ¥4 %719 glucose re-
tardation index(%)¥ glucosed &+ x4 238 %
gt A g7 4 Sl

ANog 2o]d49 glucose F5 ARG E Table
13} 7t} =84 A o]AdF-5 alginic acid, guar gum,
CM-cellulose, citrus pectin®! 30% FEo= =A 1
Bl apple pectin® 20% $Eo2 wluwH vA
gt g B84 o)Al ecellulose® BFE
10% 5202 vl WA ekt <0.05).

AE A D HolAF9 glucose FF AAATFE
Table 2¢+ 2t} 1|89 B 30% T8 7P &4
UERG T w3 Abke) 9 15~20% W92 wlaE &
A vehgon A7, nad g9 B9= 10% Hel2
Bl A BA ERgT

o]7]o A citrus pectin®] A% 2 &rt 2A e
Wi F(27D) 9] A$E nad v Yebgth ol

Table 1. Retarding effect of commercial fibers on the membrane transport of glucose

Dialysis for 30 min Dialysis for 60 min Dialysis for 120 min
Sample Glucose Glucose . Glucose
Glucose in dialyzate retardation Glucose in dialyzate retardation  Glucose in dialyzate retardation
index” index index
(mg) (%) (%) (mg) (%) (%) (mg) (%) (%)
Control(none) 8.89+ 1.13"" (24.7)” 0 14.92+ 1.54° (41.4) 0 23.08+ 1.61° (64.1) 0
Alginic acid 6.09+ 0.98° (16.9) 31.5 9.99-+ 1.63¢ (27.8) 330 1533+ 1.61° (42.6) 33.6
Guar gum 6.18+ 0.89° (17.2) 30.5 9.99+ 1.32° (27.8) 33.0  15.42+ 1.48% (42.8) 33.2
CM-cellulose 6.18+ 1.02° (17.2) 305  10.21+1.54° (28.4) 316 1555+ 1.26" (43.2) 32.6
Citrus pectin 6.22+0.98° (17.3) 300 1030+ 1.63° (28.6) 310  15.94+ 1.48% (44.3) 30.9
Apple pectin 716+ 1.16° (19.9) 19.5  11.66+ 1.80° (32.4) 218 19.03+ 1.70° (52.9) 17.5
a-Cellulose 7.96+ 1.16° (22.1) 105  13.86% 1.45° (38.5) 7.4 21.04+1.35° (58.4) 8.8

1) Values are mean=+SD of 6 replicate trials

2) % Ratio of glucose in dialyzate out of total glucose added

3) Glucose retardation index

= mg glucose dialyzed in control — mg glucose dialyzed in fiber <100

mg glucose dialyzed in control

Means with different superscript letters in the same column are significantly different at p < 0.05 by paired t-test
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Table 2. Retarding effect of food TDF residues on the membrane transport of glucose

Dialysis for 30 min

Dialysis for 60 min

Dialysis for 120 min

Sample o Glucose o Clucose o Glucose
Glucose in dialyzate retardation Glucose in dialyzate retardation Glucose in dialyzate  retardation

index index index
(mg) (%) (%) (mg) (%) (%) (mg) (%) (%)

Control(none) 8.84+ 0.89°" (24.6)" 0 14,96+ 1.63* (41.6) 0 23.13+0.70° (64.3) 0
Rice bran 8.00+ 0.36° (22.2) 9.5 1355+ 1.28" (37.6) 9.4  21.08+1.26° (58.6) 8.9
Barley 8.13+0.31° (22.6) 8.0 13.20%1.06° (36.7) 118 21.26+1.96" (59.1) 8.1
Soybean 8.04+ 0.53° (22.3) 9.0 1219+ 1.10° (33.9) 185 2091+ 1.22°(58.1) 9.6
Korean cabbage  7.20+ 0.18° (20.0) 18.6  11.794 0.66° (32.8) 21.2 18904 1.39° (52.5) 18.3
Apple 751+ 0.76° (20.9) 150 1245+ 0.79° (34.6) 16.8  19.95+ 1.22° (55.4) 13.7
Tangerine 8.00+ 0.44° (22.2) 9.5 13.16% 1.50™ (36.6) 120 2073+ 0.65° (57.6) 104
Sea mustard 6.31+0.67% (17.5) 286  10.43+0.48° (29.0) 303 16,59+ 1.05° (46.1) 28.3

1) Values are mean£SD of 6 replicate trials. Means with different superscript letters in the same column are significantly

different at p < 0.05 by paired t-test

2) % Ratio of glucose in dialyzate out of total glucose added
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Fig. 1. Passive transport of glucose /n vitro in the presence
of commercial fibers.
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Fig. 2. Passive transport of glucose /n vitro in the presence
of food TDF residues.

1€l £ 3 o) & gel ?J_E Hgsle] B
d Bslel HEY glucoseE 7HFE o % 1815371
%o]a} Agz}ﬂu} u}u:] H_g_/ﬂ /xlo]/\q (¢] ul ;( o] \;(‘r
T84 AolHR A¢ 1 ZArt ¥A dehded
Ir2E 249 Hgrt Hof Aoldf 729 A
FA A glucosed 7HrE 530) 37 “HT°] o}
7t A7k} 22y Johnson52& Aol e &
4 Heldfret sttists st 2FolEs ;‘763
Hol H4& A 5 2 glucose B AAanst A

> O

o £

—r—‘o};]O

do (T o g



742 /In Vitrod o] 2§ AlolAd-fo] vk W wHAl

N2

>
i,

sk

pIREAEE

>,

Ao)Adgol 9o} glucose?] 5
24NZNA AHAA AwE A= Fig. 1,
EMuks 23 glucose T 447 AT
85% olFo1zlor 8AIZF A= 100% 5ol =
el Aoz yepgdch w3k Aol diE Arte s
ol 8AIZt AAlE T L =A vEs
acid, guar gum, CM-cellulose, citrus pectin % ¥l
QA2 AYdlare glucose 1}501 95% o]l
galdet. 2ol fr9l glucose F5° A A Bz A2k
o] Azshel] wel zkAs}o] 24"]71_}77}1] AFAHE o

)
&
moo e R

oo o K

[N}
S

1o

alginic

1-ﬂ

n‘.lol‘

F Ad &3

H oA

o

ol o

ol Al AL in vitroell 9% glucose F5 A
A Zar} AA AW Fdo] A8E F YeAE LT
w7 9sle vz AAAd Azlel vlws) X Axe
Table 33} 2t} Glucose &9 A1 E37F A vet
Y glginic acid, guar gum2l 7

0 0]}.“/\]‘640“}\11:
o g3yt 2

AoR L}E}‘)'Otﬂm CM-cellulose,
citrus pectin® wheat bran, apple fibere] 7%= ¢}
AAGA 2wt Aoty w0 wabq 4
-8 o] &3 in vitroHol AF glucose F5 AD £
o} AAAY A 22 A% Yehle Aow ad
e},

= Aol d47t F7He A$-ol % glucosert A9 HE F N =
5= R0z ettt 2. Bile acid &% XI! &2t
AR AT EAULO olad Alo]AdSo id &4 3
Aol i&r}% FARE B9 gucose 131 2 TAE o187 Helde bl acd F A E
pu =R v 3 = . - -
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Table 3. Comparison of in vitro test and human trials on the effect of fibers on glucose transport
Type of dietary fiber Glucosi(;drg)t(ardatlon Blood glucose Feeding conditions” Reference
Alginic acid 315 Significant decrease 5.0 g/2 days/7 diabetes 7
Guar gum 305 S?gniffcant decrease 16  g(+pectin 10 g)/1 day/8 diabetes 8
Significant decrease 14.5 g/6 weeks/6 diabetes 9
Pectin 300 Significant decrease 10  g(+guar gum 1.6 2)/8 diabetes 8
Decrease 14.5 g/6 weeks/6 diabetes 9
CM-cellulose 30.5 Decrease 14.5 g/6 weeks/5 diabetes 9
9.5 Decrease 14.5 g/6 weeks/6 diabetes 9
Wheat bran {cf : rice bran) Minimal effect
Apple fiber 15.0 Decrease 10 normals 10

1) Glucose retardation index after 30 min dialysis, as obtained in this experiment
2) Daily dietary fiber supplemented/duration of study/number of subjects, as cited from references

Table 4. Retarding effect of commercial fibers on the membrane transport of taurocholic acid

Dialysis for 2 hours

Dialysis for 4 hours

Dialysis for 24 hours

Sample ‘ o Bile acid o Bile acid S Bile acid
Bile acid in dialyzate retardation Bile acid in dialyzate retardation  Bile acid in dialyzate  retardation
index” index index
{(mmole/L) (%) (%) (mmole/L) (%) (%) (mmole/L) (%) (%)
Control(none)  0.112£0.019°" (124 0 0.2264 0.030" (25.1) 0 0.681£0.054* (75.7) 0
Citrus pectin 0.078+0.011° ( 8.7) 30.4 0.171+ 0.028° (19.0) 24.3 0.566+ 0.059° (62.9) 16.9
Guar gum 0.087 + 0.007% (9.7) 22.3 0.175%+ 0.018° (19.4) 22.6 0.523+ 0.026" (58.1) 23.2
CM-cellulose 0.090+ 0.011° (10.0) 19.6 0.196+ 0.028° (21.8) 13.3 0.604+ 0.040° (67.1) 11.3
Alginic acid 0.093+ 0.014™ (10.3) 17.0 0.193+ 0.025° (21.4) 14.6 0.601+ 0.039° (66.8) 11.7
Apple pectin 0.097 + 0.014™ (10.8) 13.4 0.195+ 0.021° (21.7) 13.7 0.640+ 0.039%° (71.1) 6.0
a-Cellulose 0.102+ 0.011° (11.3) 8.9 0.2161+0.22" (24.0) 4.4 0.667 £ 0.039° (74.1) 2.1

1) Values are mean+SD of 6 replicate trials

2) % Ratio of glucose in dialyzate out of total glucose added

3) Bile acid retardation index = mmole/L bile acid dialyzed in control —

mmole/L bile acid dialyzed in fiber x100

mmole/L bile acid dialyzed in control
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Table 5. Retarding effect of food TDF residues on the membrane transport of taurocholic acid

Dialysis for 2 hours

Dialysis for 4 hours

Dialysis for 24 hours

Sample . S Bile acid . S Bile acid . o Bile acid

Bile acid in dialyzate retardation Bile acid in dialyzate retardation Bile acid in dialyzate retardation
index index index
(mmole/L) (%) (%) {(mmole/L) (%) (%) {mmole/L) (%) (%)

Control(none) 0.106+0.019"" (11.8° 0 0.223+0.051* (248) 0 0.674+0.070° (74.9) 0

Rice bran 0.078+0.009° (87 264 0.169+0.031° (18.8) 242 0546+ 0.065° (70.4) 19.0
Barley 0.075+ 0023 (83) 292 0.158+0.022° (17.6) 291  0.481+0.031° (53.4) 286
Soybean 0.096+ 0.012° (10.7) 94 02070043 (23.00 7.2  0.602+0.057° (669 107
Korean cabbage 0.095+0.014° (10.6) 104 0202+ 0.046° (22.4) 94 0594+ 0073° (66.0) 11.9
Apple 0.100+ 0.012* (11.1) 57 0.207+0038” (23.0) 72  0.629+0.064° 69.9) 6.7
Tangerine 0.090+0.009% (10.0) 151  0.192£0.025™ (21:3) 139 0590+ 0.045™ (65:6) 12.5
Sea mustard 0.088+0.004° (9.8). 170 0.176+0.015° (19.6) 21.1  0.546+ 0.059° (60.7) 19.0

1) Values are mean=+5D of 6 replicate trials. Means with different superscript letters in the same column: are significantly

different at p < 0.05 by paired t-test

2) % Ratio of bile acid in dialyzate out of total bile acid added
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Fig. 3. Passive transport of taurocholic acid /in vitro in the
presence of commercial fibers

Fig. 4. Passive transport of taurocholic acid /n vitro in the
presence of the presence of food TDF residues.

Table 6. Comparison of in vitro test and human trials of fibers on bile acid transport and serum cholesterol

Bile acid retardation

Type of dietary fiber index” Serum cholesterol Feeding conditions” Reference
Decrease (13%) 15 /3 weeks/9 subjects 11
Citrus pectin 30.4 Decrease (12%) 36 g/2 weeks/7 subjects 12
Decrease (18%) 15 g/4 weeks/10 subjects 13
Decrease (17%) 9 g/4 weeks/24 subjects 14
Guar gum 22.3 Decrease (16%) 5.7 /2 weeks/6 subjects 15
Decrease (21%) 20 g/4 weeks/9 diabetes 16
Wheat bran 26.4(cf : rice bran) No change 16  g/21 days/8 subjects 17
Soybean fiber ' 94 Minimal increase (7%) 21  g/3 weeks/6 subjects. o 18
Decrease (4%) 25  g/8 weeks/20 hyperlipidemia 19
Dried beans Decrease (7%) 140  g/16 weeks/7 hyperlipidemia 20
Carrot pectin Decrease (6%) 15 g/21 days/5 subjects 17
Carrot Decrease (11%) 200  g/3 weeks/5 subjects 21

1) Bile acid retardation index after 2 hours, as obtained in this experiment
2) Daily dietary fiber supplemented/duration of study/number of subjects, as cited from references
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