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Gerneral concept of dietary fiber and it's functionality
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Abstract

Dietary fiber is defined as soluble and insoluble
polysaccharide consisted in the plant cell wall—associated
fibers naturally occurring in fruits, vegetables, and
cereal products, and of isolated fibers that are added to
processed foods which are also artificially modified.

There are so many difference types of dietary fibers
as arabinoxylan, polydextrose chicory, oligosccharide.
inulin, pectin, bran, cellulose, P—glucan, resistant
starch and some seaweed polymers as alginate. Most of
them provide many biological benefits in the intestine,
as lower risk for developing coronary heart disease,
stroke, hypertension, diabetes, obesity and some of the
gastrointestinal disease like as colon cancer. And also
lowering cholesterol levels, improves glycemic and
insulin sensitivity to non—diabetic and diabetic persons
including immune system. Beside of many benefits,

average consumers in developed and under developing
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countries take far less amounts of dietary fiber that
international organization recommended. Adequate intake
of dietary fiber is 14g/1,000kcal base using the energy
guide line of 2,000kcal/day for women and 26,000 kcal/
day for men, dietary intake is 28g/day of adult women
and 36g/day for adult men.

The mechanisms behind the reported effects of dietary
fiber on metabolic health are not fully well established. It
is suggested that changes in intestinal viscosity resulting
mucus increasing, macro—nutrients absorption, rate of
passage of large intestinal, production of short chain fatty
acids by fermentation. Production of gut hormones and
changes of microbiota in intestine.

It is necessary to do more research in this field in the
future and combined interdisciplinary works together.

Keywords: dietary fiber, functionality, microbiome,

intestinal disease
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Table 1. Definitions of fiber from the Codex Alimentarius Commission (Codex), the European Union (EU), the American Association
of Cereal Chemists (AACC), and the Institute of Medicine of the National Academies (IOM).

Codex (2009)

EU (2008)

IOM (2001)

AACC (2000)

Dietary fiber means carbohy-
drate polymers with ten or more
monomeric units, which are not
hydrolysed by the endogenous
enzymes in the small intestine of
humans and belong to the follow-
ing categories:

Edible carbohydrate polymers
naturally occurring in the food as
consumed;

Carbohydrate polymers which
have been obtained from food
raw material by physical, enzy-
matic or chemical means and
which have a been shown to have
a physiological effect of benefit to
health as demonstrated by gener-
ally accepted scientific evidence
to competent authorities;
Synthetic carbohydrate polymers
which have been shown to have a
physiological effect of benefit to
health as demonstrated by gener-
ally accepted scientific evidence
to competent authorities

Fibre means carbohydrate
polymers with three or more
monomeric units, which are nei-
ther digested nor absorbed in the
human small intestine and belong
to the following categories*

Edible carbohydrate polymers
naturally occurring in the food as
consumed;

Edible carbohydrate polymers
which have been obtained from
food raw material by physical,
enzymatic or chemical means
and which have a beneficial
physiological effect demonstrated
by generally accepted scientific
evidence;

Edible synthetic carbohydrate
polymers which have a beneficial
physiological effect demonstrated
by generally accepted scientific
evidence.

Dietary fiber consists of nondi-
gestible carbohydrates and lignin
that are intrinsic and intact in
plants.

Added fiber consists of isolated,
nondigestible carbohydrates that
have beneficial physiological ef-
fects in humans.

Total fiber is the sum of dietary
fiber and added fiber.

Dietary fiber is the edible parts of
plants or analogous carbohydrates
that are resistant to digestion and
absorption in the human small
intestine with complete or partial
fermentation in the large intestine.

Dietary fiber includes polysaccha-
rides, oligosaccharides, lignin and
associated plant substances.

Dietary fibers promote beneficial
physiological effects including
laxation and/or blood cholesterol
attenuation, and/or blood glucose
attenuation

#Also lignin and other components such as phenolic compounds, waxes, saponins, phytates, cutin, and phytosterols are considered as fiber when
closely associated with carbohydrate polymers of plant origin and extracted with the carbohydrate polymers for analysis of fiber.

*Decision on whether to include carbohydrates from 3 to 9 monomeric units should be left to national authorities.
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Table 2, Components of dietary fiber according to the American
Association of Cereal Chemists (Lattimer, 2010)

Non Starch polysaccharides Analagous carbohydrates

and oligosaccharides

* Cellulose - Indigestible dextrins

- Hemicellulose - Resistant maltodextrins

* Arabinoxylans - Resistant potato dextrins

- Arabinogalactans - Synthesized carbohydrates

- Polyfructoses compounds

* Inulin - Polydextrose

- Oligofructans - Methyl cellulose

- Galacto—oligosaccharides - Hydroxypropylmethyl cellulose

- Gums - Resistant starches

* Mucilages Lignin substances associated with

* Pectins the NCP and lignin complex
Waxes, Phytate Cutin Saponin
Suberin, Tanin

APy g

2lo]dG-(dietary fiber)= %2 535291 Eben
Hipsley (1951)7} A|¢tslgict. o|uj= A]Z = lignin,
cellulose, hemicellulosZ 447 3}93 tH(Raninen =, 2010).
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Table 3. Types of Fiber Found in Foods (Haworth 5, 2001)
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Name Food Source Solubility Fermentability Structure
Lignin All woody plant tissues Insoluble Not degraded Polymers of phenylpro-
pane
(noncarbohydrate)
Cellulose All plant cell walls Insoluble Slowly degraded Glucans
Hemicelluloses Matrix of all plant cell Insoluble/soluble Degraded more Arabinozylans, Galacto-
walls quickly than cellulose mannans,
Pectins Ripe fruit(e.g apples, Soluble Rapidly degraded Xyloglucans
oranges) Galactouronans, Arabino-
galactans,
a—glucans
Arabinozylans
Gums Guar, locust bean Solube/dispersable Rapidly degraded Galactomannans, Arabi-
nogalactans
Mucilages Seeds Solube/dispersable Rapidly degraded Branched
galactans
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Table 4, Constituents and characteristic of grain fiber, Inulin, and polydextrose.(Raninen 5, 2010)

Character Grain fiber

Inulin Polydextrose

Carbohydrate constituents Arabinoxylans,—D—glucans, Cel-

lulose, glucomannans
Associated components Lignin, proteins, phenolic com-
pounds

Inulin Polydextrose

Disaccharides and oligosaccha-  Glucose polymer with sorbitol

rides and groups, randomly branched

Structure Complex plant cell wall Linear fructose polymer usually ~ chains average DP 12 synthesized
architecture composed of different with terminal glucose, DP 3-60
biopolymers
Isolated usually from chicory
Source Grains, cereal foods Variable High
Water solubility Partial Low -
Viscosity(gel—forming) Variable Rapid Slow
Fermentability Partial
Table 304 H¥ F7 3 group 22 s & gl - LO|MQ HiZO| T 202 HlAUY EOIEE A0
W mEAER o] 484, ]84 o] Qirh A1) M@ HZO| CL S 2 UZo| AjRY & QI JIS

940] u}gq “/FQ"H A]O]A-] oL pectin, gum—,—r, inulin
5, fructano] Qt}. Br3E SAF EREE Qith

ol Aol T &4 4 54 2 Table
33} 7.
Table 30]|A] HH A E7]Q Alo]Ad8EL 4] of
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=t} 53] a5 il AlindEe] ot
a7kt WA 7 ok vk 7ol A o= A
%= Aol et st et ool A AESH=
FO| mAEe] ofsto] wEali7F dojutar FaliE 4HEol
1A A 2] 7] 5ol A E = Ao] Wol YeA|aL Slrk
(Raninen 5, 2010).
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- Beta—glucan - Soluble fiber, - Psyllium husk
- Cellulose, - Guar gum, Pectin, - Locust been gum

- Hydroxypropyl methyl cellulose
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- Mixed plant cell wall fiber (a broad category that
includes fibers like sugarcane fiber and apple fiber,
among many others)

- Arabinoxylan, - Alginate - Inulin and inulin—type

fructans,

- Galactooligosaccharide,” Polydextrose,

- High amylose starch (resistant starch),
- Resistant
matodextrin/dextrin
Aol 9] 74
2t
Table 40| 4 HH 7ofl= thefet A&
7h S E ol lar A=

fE]oiglet.
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Table 7. Some fiber—providing foodstuffs supplied by an energy intake of 2550 kcal/day, and total dietary fiber and polygalacturonic
acid content (Stasse—Wolthusis <, 1980)

Vegetable/ Diet Total dietary fiber Polygalactronic acid
Low fiber Citrus pectin Bran content content
fruits
g/day 2/100g edible portion
Low—fiber bread 225 200 225 3.2 0.1
Bran bread 250 8.6 0.1
Raw wheat bran 4 50.4 0.1
Potatoes, cooked 200 150 200 200 3.0 0.2
Vegetables, raw* 75 75 75
Cucumber 0.7 0.2
Lcttuce 1.3 0.3
Cabbage 2.6 0.6
Vegetables, cooked® 400
Green cabbage 3.4 0.7
Sliced beans 44 0.8
Carrots 2.7 0.9
Endive 5.6 0.8
Beetroots 2.8 0.4
Tomatoes 170 1.4 0.3
Apples, with skin 600 2.3 0.5
Citrus pectin 9 95 76
Planned intake of
Dietary fiber 15 41 24 34
Polygalacturonic acid 1 8 8 1

H]X) 30 Qlek, ThEE A AFSHe AulRre] 4] 2015)0] wpEw HH QY PH g Aol weh R
o] AF|L 10-25 g/Yo] T, WHOE 37 ¢& ARSI 3L Qrh(Table 10).
21 tH(Yoon 5, 2008).

© 4 olg] 7158 AASIA 7] 7] Sl5te] T ast Pt Table 8, Dietary reference intake values for total fiber by life

Alo) L @_;H%Z% Eot‘g Table 83} Z+c}. : stage (Slavin, 2005)

Table 80| 4] LW Lfo]of what AZ F7}o] whaf A]o] Life stage Adequate intake (g/d)
A A5 de] F7kskal glew E ohE 7S Male Female
A A3kl whet Aol df A3 7S AlAlskaL 1-3y 19 19
ek 2 A3 Qe 1,000 keald 10-13 g2 Ajo] G5 94_‘]83YY gf iz
AR ) o (Millerwe 5, 1994) ojoloA|E H 14-18y % %
A5}= oFo] th2rH(Table 9). 19-30y 38 25

Table 904 HH ofglo|e} ol A Hshe A ;:igy ig if
o] A% B2 ool upet Z7kete 3L & 4 glon] oy 0 .
7|3hol| whef ofrHA) Aozt Qlct. pregnancy 28

3t USDAO|A 2F3E3t Dietary Guideline(USDA, Lactation 29
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Table 9. Fiber intake recommendation (Al) in children ages
2-18y old (Kranz 5, 2012)

Al for children
g total fiber/d

Age and gender groups

1-3y 19

4-8y 25
Al for boys

9-13y 31

14-18y 38
Al for girls

9-13y 26

14-18y 26

Table 10014 11 A7) 413 Qe AAFs1= 2o]
[e]

M B debu o] b s Jol 7t 82
o 2 glek. olu} T A YA VYT Gept B
Sh2 oF W) gkt ek
Ajopgel Il

AolA etz QIR ol A TRt B H 7)5e 1

e = wj7A] Waks
tH(Harworth %, 2001).

Mouth

« Increased Chewing
« Increased Saliva

« Physical action

Stomach

« Increased Distention
« Delayed Emptying

- Satiety

Small Intestine

- Delayed absorption
of nutrients;
blunted insulin
and glycemic
responses

- Alterations in
gut hormones

- lleal brake

Large Intestine

+ Fermantation to
short-chain fatty acids

- Increased fecal
volume

- Shorten passing time

Fig. 1. The effect of fiber action in the gastrointestinal tract
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Table 10, Daily nutritional goals for age—sex groups based on dietary reference intake & dietary guidelines recommendations

(USDA, 2015)

Source of Child Female male Female Male Female Male Female Male Female Male Female Male
Goal 1-3 4-8 4-8 9-13 9-13 14-18 14-18 19-30 19-30 31-50 31-50 51+ 51+
Caloric Level(s) 1,000 1,200 1,400 1,600 1,800 1,800 2,200, 2,000 2,400, 1,800 2,200 1,600 2,000
Assessed 1,600 2,800, 2,000,
3,200 3,000
Macronutrients
Protein, g RDA 13 19 19 34 34 46 52 46 56 46 56 46 56
Carbohydrate, g RDA 130 130 130 130 130 130 130 130 130 130 130 130 130
Dietary Fiber,g 14 ¢/ 14 16.8 19.6 224 252 252 28 30.8 28 252 30.8 224 28
1,000 kal
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Dietary Fiber
Eﬂeﬂs En‘ects
\

Energy density Chewl Fermentation to short
T'“" aluminal viscosity l Palatability Tm;zc:g“ T chain fatty acids
l Rate of gastric emptying and \ / l
macronutrient absorption | Tsnmlon l ;{gpa:ic gluul::e productior
1 Satiety | 1 satiety ree '"1 el

1l'¢mprlndlll glycemia T l Energy Intake

Post-abearptive l T Insulin sensitivity

l hypoglycemia

* Fat oxidation
l Insulin ucrellon/ — & {Fatstorage

Fig. 2. How many dietary fiber affects physiologic measurements(Slavin,
2005)
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o] Oﬂodoﬂ/\i,l Aslo g2 _L]-/\]—EUH H 4 Hl—/\ggj
Alofl Aol dF|7F WA =™ He| F glucan, F-oH,
o), 9B 5 o4y FRol wetd] At Gepa
o‘I’Jr(Anderson % 2009).

SRl BARE Aolis Lot )
2)9] p-glucano] 71 % el 91O 0] FDAC|AHE
health claimS- 5}37 ¢JtHUS Department of Health and
Human Service, 1998). 53] A1&3 A2k} #A 9=
$57], o] 4] Astol| ofgtrh(Anderson,
1983).

* Tenergy density * T | gut hormones
* Tbulking effect
= |l weight gain

= T satiety (2)

= | Inflammation
= (}) gut microbiota

- | postprandial

= | risk of type 2 diabetes
* T insulin sensitivity glucose response
= | total and LDL

colesterol

= T gut transit time

= | gastric emptving

Fi

g. 3. Potential effects of DF consumption. Colonic fermentation with
the production with the production of SCFA can be observed
with most types of DF to some extent, but it tends to be more
pronounced with soluble DF in naturally available foods.
(Weickertz} Pfeiffer, 2008)
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Table 11, Dietary fiber intake related to relative risk for disease based on estimates from prospective cohort studies

Disease No. of subject (no. of studies) Relative risk* 95% Cl
Coronary heart disease 158,327(7) 0.71 0.47-0.95
Stroke 134,787(4) 0.74 0.63-0.86
Diabetes 239,485(5) 0.81 0.70-0.93
Obesity 115,789(4) 0.70 0.62-0.78

* Relative risks adjusted for demographic, dietary, and non—dietary factors.

** Estimates related to whole—grain consumption, total dietary fiber and cereal fiber.
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Table 12, Fecal output and mean transit time per group (mean+SD) (Stasse—Wolthuis 5, 1980)

Control Vegetables/fruits Cirus pectin Bran
Attribution
(n=16) (n=15) (n=14) (n=16)
Wet weight(g/24 hr)
Control period 89+54 89+37 89+34 89+53
Change over experimental period -1+35 +49+ 44° +10+29° +77+31°
Level of significance® NS P <0.01 NS P <0.01
Dry matter(g/100 g wet weight)
Control period 26+5 26+6 25+3 25+5
Change over experimental period +2+4° -3+4° +1+28 -3+4°
Level of significance NS P 0.05 NS P €0.01
Mean transit time (hr)?
Control period 73+48 66+40 59+25 67+28
Change over experimental period +18+39° -13+22° +4+35 -19+19°
Level of significancec NS P 0.05 NS P €0.01

“*Common symbols indicate that responses of different groups are not significantly different from each other according to analysis of variance

followed by a Tukey range test (9). °A paired t test was used to determine whether average changes per group were significantly different from

0. “Data for 15 subject in the control group.
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