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Anaerobic Fermentation and Weight of Hydrated Residue of
Dietary Fibers in vitro

Lee, Kyung-Sook - Lee, Su-Rae

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

ABSTRACT

This study was conducted in order to establish an # vitro method simulating the phy-
siological function of fibers along the large intestine of humans. Commercial fibers including
guar gum, apple pectin, citrus pectin, CM-cellulose, alginic acid and a-cellulose, and dietary fib-
er residues obtained from rice bran, barley, soybean, Korean cabbage, apple, tangerine and sea
mustard were employed to determine the water-holding capacity, weight of hydrated residue
and fiber content after anaerobic fermentation using human fecal inoculum for 24 hours, fol-
lowed by dialysis under osmotic suction pressure.

The weight of hydrated residue in commercial fibers was in the decreasing order of CM-cel-
lulose > alginic acid, a-cellulose > apple pectin, citrus pectin > guar gum and that in food fib-
er residues was in the decreasing order of rice bran, sea mustard > soybean > tangerine, Kore-
an cabbage > barley > apple. It was demonstrated that the larger the weight of hydrated resi-
due was, the more the weight of human stool increased. Consequently this ¢ vitro method
can be used as a preceeding test before undertaking animal or human experiment to predict the
physiological effects of fiber residues from diverse food samples as well as commercially refined
fibers.

KEY WORDS : dietary fiber - anaerobic fermentation - weight of hydrated residue - n vitro.
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Food sample(1g dry matter)
in 500ml conical beaker
L +pH 6.0 phosphate buffer
+a-amylase (0.1ml)
‘ Incubate 30 min. in 100C water bath ’
¢ +0.171 N HaOH (10ml), (pH 7.5)
+protease (5mg)

‘ Incubate 30 min. in 60T water bath 4‘

¢ +0.205M HyPO, (10ml), (pH 4.5)
+amyloglucosidase (0.3ml)

( Incubate 30 min. in 60 water bath ‘

¢ +95% ethanol (280ml)

’ Precipitate at room temperature for overnight ‘

v

Filter enzyme digest through 1G3 glass
filter containing 0.5g Celite bed

v

I Washing with ethanol and acetone

‘% ‘ Drying residue at 40T ‘

v

v

t Drying at 105TC for overnight

‘ ’ TDF residue for experiments ‘

v

]

Cooling and weighing

v

—

Determination of protein and ash contents

v

J Calculation of total dietary fiber content

Fig. 1. Schematic diagram for the extraction and determination of total dietary fiber(TDF) from food samples by AOAC

method®.
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Table 1. Composition of commercial fibers and total
dietary fibe(TDF) residues from food sources®
(unitv: 0/0)
Fiber sample TDF  Moisture Ash  Protein
Guar gum 90.0 7.8 1.3 0.9
Apple pectin 85.3 8.8 54 0.5
Citrus pectin 88.5 72 40 03
CM-cellulose 75.0 8.8 163 Tr
Alginic acid 69.7 10.9 19.4 Tr
a-Cellulose 96.9 2.7 04 Tr
Rice bran 70.3 7.1 19.9 2.7
Barley 86.4 6.1 4.6 3.0
Soybean 78.8 7.2 11.2 29
Korean cabbage 73.0 6.7 18.7 1.6
Apple . 87.1 6.9 5.3 0.7
Tangerine 79.9 7.5 11.7 1.0
Sea mustard 68.2 79 215 24

*Mean of triplicate determinations. Tr : trace
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in 50 ml centrifuge tube

v

Substrate hydrated for 14 hours

v

Adding inoculum (5mf)

v

Tubes incubated at 37C for
24 hours under carbon dioxide

v

v

Fermented medium(5ml)
placed into a dialysis sac

Centrifuged at 3000 rpm for 20 min.

v

v
v v

Determine weight of the
hydrated residue

Supernatant ‘ L Supernatant

v v

Determine SDF of the

Determine IDF of the
fermented residue

fermented residue

Fig. 2. /n vitro fermentation scheme for the determination of hydrated residue weight and dietary fiber contents.
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Fig. 3. Water-holding capacity by dialysis method of

commercial fibers (Mean=+SD of 6 replications).

Fig. 4. Water-holding capacity by dialysis method of food
TDF residues (Mean=+5SD of 6 replications).

- 839 -



101%—1 0_,] @7]}4 tll-:g\_ u] A;:]_

Table 2. Water-holding capacity of residue after fermentation of commercial fibers and food TDF residues

Samples WHC before WHC after Weight of hydrated Dry-weight of
fermentation(g/g) fermentation(g/g) residue(g) residue(g)
Control({ferment. medium) - 10.00+0.47 2.274+0.08° 0.206+0.008
CM-cellulose 28.7742.11°F 11.80+0.84 3.02+0.12' 0.236+0.015
Alginic acid 9.49+2.46° 10.34+0.57 2.30+0.14° 0.207+£0.020
a-Celluose 0.23£0.76° 8.081+0.62 2.25+0.11° 0.248+0.017
Apple pectin 14.72+2.34¢ 9.20+0.41 1.574+0.08" 0.155+0.012
Citrus pectin 11.32+1.37° 8.68+0.38 1.52+0.11° 0.1574+0.008
Guar gum -0.77+1.42° 8.481+0.56 1.43+0.13° 0.151£0.010
Rice bran 7.974+1.15° 8.87+0.29 2.37+0.20° 0.240+0.019
Barley 0.65+1.45° 8.60+0.44 1.6740.12™ 0.174-+0.008
Soybean 14.91+1.29 8.91+0.51 2.1340.10° 0.216+0.009
Korean cabbage 8.78+1.06" 8.93+0.61 1.89+0.16° 0.191+0.015
Apple 7.39+0.31° 9.08+0.71 1.554+0.22* 0.150+0.019
Tangerine 9.96+0.62° 9.8440.69 1.95+0.19° 0.180+0.017
Sea mustard 14.25+1.13° 9.62+0.81 2.3240.24° 0.218+0.013

*Mean 5D of 6 determinations
Means with different superscript letters within the same row are significantly different at p<{0.05 by paired t-test.
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Total weight of hydrated residue
(g total weight of hydrated residue/5ml| ferment medi-
N
Total weight of hydrated residue
(g total weight of hydrated residue / 5ml ferment

-
—_

o0 [ [ [ [ \ | [ \ | | [ [ [ [
Control CM-  Alginic  a- Apple Citrus  Guar Control  Rice Barley Soybean Korean Apple Tangerine  Sez
(Fermnt cel-  acid cellulose pectin pectin  gum (Fermnt  bran cabbage mustard
medium) lulose medium)

Fig. 5. Weight of hydrated residue by dialysis method of
the fermentation residues from commercial fibers
(Mean£SD of 6 replications).
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Fig. 6. Weight of hydrated residue by dialysis method of
the fermentation residues from food TDF residues
(Mean+SD of 6 replications).
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Table 3. Comparison between weight of hydrated residue by dialysis method and stool weight in human trials for some

dietary fibers

3-6)19)

Samples Weight of hy- Stool weight in human trials
drated residue  No dietary fiber Dietary fiber  Fiber/no fiber Feeding con-  Reference
(g/5 m! ferment (g/day) (g/day) ratio ditions®
medium) (g/days/subjects)
a-Cellulose 2.25 132.6 207.8 1.56 15/28/10 3)
Citrus pectin 1.52 107.3 137.9 1.29 30.8/- 15 (4)
Guar gum 1.43 67.9 76.2 1.21 5.7/14/6 (5)
Rice bran 2.37 120 183 1.53 16/21/8 (19)
95.5 197.0 2.06 18.0/21/6 (6)
(cf : wheat bran)
1.89 88.2 142.5 1.62 18.3/21/6 6
Korean cabbage (cf: cabbage)
141.0
Apple 1.55 203.2 1.44 21.9/21/6 (6)

* Daily dietary fiber supplemented / duration of study / number of subjects

Table 4. Contents of soluble, insoluble, and total dietary
fibers in the commercial fibers and food TDF
residues after in vitro anaerobic fermentation
(Unit : O/o)

Fiber sample Soluble Insoluble Total

4.91+0.04°
5.7410.40
4.79+0.72

461+0.25
2.80+0.43
4.01+1.08

9.52
8.54
8.80

Guar gum
Apple pectin
Citrus pectin

0.49+0.07
7.2510.65
6.43+1.06
7.04+0.51
5.90%1.01
5.41+0.92
7.90+0.80

36.31+1.17
13.43+0.71
16.33+0.95

7.44+0.43

6.761+1.47
13.97£1.32
12.06+0.52

36.80
20.68
22.76
14.48
12.66
19.38
19.96

Rice bran
Barley

Soybean

Korean cabbage
Apple
Tangerine

Sea mustard

*Mean=+SD of triplicate determinations
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Table 5. Degradation of commercial and food dietary
fibers by in vitro anaerobic fermentation

(Unit : %)
Fiber sample TDF of TDF of Substrate
and source original  fermented degradation®

substrate residue

Guar gum 90.0 9.5 89.4
Apple pectin 85.3 8.5 90.0
Citrus pectin 88.5 8.8 90.1
CM-cellulose 75.0 73.8 1.5
Alginic acid 69.7 9.0 87.1
a-Cellulose
Rice bran 70.3 36.8 47.7
Barley 86.4 20.7 76.1
Soybean 78.8 22.8 71.1
Korean cabbage 73.0 14.5 80.2
Apple 87.1 12.7 85.5
Tangerine 79.9 19.4 75.7
Sea mustard 68.2 20.0 70.8

TDF of original substrate(%) —
TDF of fermented residue(%)

*Substrate degradation(%)= "
original substrate(%)

AolAfo F714 Bas 8 Fo 5] FAE Ao
L5 AR &e controld HIW3HAEH con-
trol(0.1% sodium azide §H)RHThs ZE Aol4lR
A=A VR (p<0.0001) control(B714
ooty o] A= Faprtedgel FAZ i wA He
wrh T ol fEE Aol Rt EAEA ¥ A4 )

A @713 rlAE wge] AAHE A HEof o
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