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INTRODUCTION 

Epidemiological studies have correlated a low jntake of dietary 

fiber with an increased incidence of several non-infective diseases. 

These hypotheses have brought about an increased amount of research 

on the physiological effects of dietary fiber; yet, the metabolic 

fate of dietary fiber is unknown. 

Dietary fiber is the plant material in our diet that is resistant 

to digestion by human secretions, However, reeding studies using man 

and other monogastric animals have shown that dietary fiber is par-

tially degraded in its passage through the alimentary canal. It is 

believed that bacteria in the colon ferment the carbohydrate compo-

nents of dietary fiber to volati'le fatty acids, water, carbon dioxide, 

and methane. However, the extent to which dietary fiber is fermented 

and manls capability of absorbing the end products is uncertain. 

The polysaccharides of dietary fiber are presumably first de-

graded to simple sugars by bacteria in the colon in order to be 

utilized as a substrate in bacterial fermentations. The possibility 

exists that some of these simple sugars could be absorbed as such in 

man. 

In the present study, it was hypothesized that bacterial fermen-

tation of dietary fiber in the coloh of monogastric animals produces 

free sugars that are then absorbed and that these absorbed sugars would 

l 
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be metabol~zed to a greater or lesser extent, with the unmetabolized 

portion eventually being excreted in the urtnew Thus, for example, 

feeding of xylan should result in th~~ appearance of xylose in the 

urine. 

In order to test this hypothesis, specific types of dietary fiber 

of known sugar composition were fed to rats. The uri.nary carbohydrates 

were analyzed by high p·erformance liquid chromatography.· The appear-

ance of the dietary fibers' component sugars in the .urine was used as 
. . 

an indication of the digestion and absorption of the fibers. The types 

of dietary fiber used in this studywere guar gum (a galactomannan), 

xylan (a.polymer of xylose); and American Association of Cer~al 

Chemists Soft White Wheat Bran. 



REVIEW OF LITERATURE 

The value of dietary fiber in the diet is an issue of increasing 
' 

debate.· Dietary fiber is the plant-material in our diet that is re-

sistant to digestion by human secretions. · Epidemiological studies have 

linked the increasing prevalence ofseveraJ non-infective diseases and 

disorders to a low intake of dietary fiber (Burkitt and Trowell, 1975). 

Painter et tl. {1972) have studied the role of dietary fiber in 

diverttcular disease. · Painter attributes the formation of diverticula 

in the colon to the great pressure required to .propel the colonic 

contents through the la.rge intestine. He hypothesizes that the 

additi'on of dietary fiber decreases the viscosity of the colonic con ... 

tents thro_ugh its water bindi.ng ability and thus reduces the pressure 

required to propel the contents, 

The role_ of dietary fiber in he(lrt disease has been studied by 
( 

several researchers. Serum cholesterol has been .identified as a risk 
. . . 

factor in heart disease •. The effects of different types of dietary 

,fiber on .serum cholesterol have been studied. Guar gum and pectin 

have been reported to reduce serum cholesterol (Jenkins' et ,tl.' 1975) 

while wheat bran does not (Truswe11 and Kay, 1977; Connell et &~, 

1975). 

Other research. is now in progress on.the relationships between 

dietary fiber and colon cancer, diabetes, appendicitis, and other· 
-./ 

3 
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diseases associated with a low intake of dietary fiber (Burkitt and 

Trowell, 1975). 

While the physiological effects of dietary fiber are being in.:. 

creasingly studied, little is known ·about its metabolic fate· 

(Vercel lottl et al., )978). Bacteria in ·th~ ·col on are believ'ed to be· . . - .. - .. 

capable of fermenting the carbOhydrate constituents of dietary fiber. ·· 
. . : .. . - ... . .: . ··: 

The end products of bacterial fermentation. of dietary fiber ar·e pri-.. ' · .. ' . . .. . . ,,· 

marily volatile fatty acids(acetic, 'pro~>:rionic, butyriC}, water, 

carbon dioxide, and methane (C~m~ings,:1!fr3). Mowever, 'the extent to 
:--··, 

which dietary fiber is fermented and man''S capability of absorbing the 

end products is uncertain (Southg~t~ and Ourni:n,, l970; Van Soest and 

Robertson,~1977). 
. . : 

The p~·lysaccharides. of dietary fiber are presumably degraded to 

simple. sugars by certain· bacteria iJ1 the col~n in order t~ be used as 
. . . .. -

substrates· in bacterial fer~entations, · Salyers' et Af_. (1979) found 

that strains of Bactero1des i.solated from the human colon were capable. 
. . . . . . 

· of··degrading xylan to its component monosaccharide, xylose. The· 
.· .' .·· .. . :·_.. ·, ·... . ' - . 

simple. sugars thus produced exist as intermediates in the· bacterial 
. . . 

fermentation of dietary fiber~ The possi~ility exists that some of 
. ( .· .· .· · .. · .· . 

these simple sugars could be absorbed as such in man. 

While there is no dffect evidence for: thi~ mechanism, presumptive 

evidence does exi~t •. Sugars that a~e primarily found in ,dietary fiber 

are .commonly found in urine. These sugars may arise in urine as. the 
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absorbed products of bacterialfermentation of dietary fiber. 

The analysis of urinary carbohydrates has attracted increasing 

interest as a method to diagnose a vari~ty of metabolic disorders and 

diseases (Weser and.Sleisenger, 1967; Nakamura and Tamura, 1972). 

Carbohydrates in the urine of man and the rat have been studied in an 

attempt to differentiate between normal and pathological conditions. 

Among the carbohydrates commonly found in normal urine are ribose, 

rhamnose, xylose, fucose, arabinose, fructose, mannose, glucose, 

galactose, sucrose, maltose, lactose, and raffinose. (Jolley ettl., 

1970; Meagher and Furst, 1976). 

Starch, sucrose, and lactose are the major dietary carbohydrates 

of man. Starch is hydro lyzedc by sa 1 i vary and pancreatic a.amyl as es to 

primarily produce maltose, glucose, and limit dextrins (Herman, 1974). 

Maltose, sucrose, and lactose, as well as their component monosaccha-
\ 

rides, glucose, fructose, and galactose, are commonly fmmd in uri'ne 

as products of digestion. Xylose, arabinose,: and mannose are among· 

the carbohydrates classified as rare.food sugars (Birch, 1969). These 

three sugars rarely occur in the free state and are primarily found as 

components of dietary fiber; yet, they are common constituents of 

urine (Shallenberger and Birch, 1975), 

Three types of dietary fiber were used in this study to determine 

the effects of dietary fiber on urinary carbohydrates. The types of 

dietary fiber studied were guar gum, xylan,,and wheat bran. 
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Guar gum is a seed gum that is derived by grirlding the endosperm 

of the seeds of the guar .plant, Cyamopsis tetragonolobus. This plant 

is grown extensively in Pakistan and India and is now being cultivated 

in the southwestern United States. 

Guar gum consists of a linear main chain of f3-l ,4 linked D-

mannopyranose units with side branching of one unit of D-galactopyranose 

linked a-1 ,6 to every other mannopyranosyl residue. Thus, guar gum is 

a galactomannan with the ratio of mannose to galatose being two to one. 

A range of molecular weights have been reported for guar gum. 

These molecular weights vary between 200,000 (National Technical 

Information Service, 1972) to near'y 2,000,000 {Dea and Morrison, 

1975). 

Guar gum has been designated as a GRAS (Generally Recognized As 
1 

Safe) food ingredient by the Food and Drug Administration, It is 

widely used as a thickener and stabilizer in such foods as sauces, 

pie fillings, canned meat products, dairy products, and imitation 

dairy products (Towle, 1977), More than 4,300,000 pounds of guar 

gum were used in food products in 1970 (National Technical Information 

Service, 1972), 

The Food Chemicals Codex specifications state that food grade 

. guar gum·must contain 66percent galactornannans, A typical commercial 

grade of guar gum contains 78 to 82 percent gal~ctomannans (National 

Technical Infonnation Service/ 1972), 
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"No long term studies on. the toxi cofogi cal effects. ·of gua r gum 

ha:ve been reported .in the literature, · Severa1 s·hort term studies on 
. . . 

·the digestibility ofguar gum have been reported •. There are no 
\ 

reports in the literature on th,i;~ metabolic fate of guar gum in man or , . ' - .. ,·- . .' ._, . ., 

. animals (National Technic~l Inform~tion Service, 1972). 
) - . . . ' 

Booth ·et al., (1963) .fed ~ats a: diet .containing 6 perc~~t guar gum· 
'. - . - . -· . . -

for 9l. d(lys and found .. no signifi.cant c;fifference jnwei ght gains between 
··.-_ -·. .' - ·_ 

these and ~ats fed a conmercial rat diet. Kra_ntz (1946) found· no 
, - '·. . -- .. - - .· ·. -._ -_,_ :· ·. :. - .' . 

significant differenceinyJeight_ gai.n between rats fed a diet con-
- . . . . . 

taining 5 percent. 'guar_ gum for 6 months ·and controls fed a .corrmercial 

rat diet.· 

A common component c:rf dietary f;iberis the hemicel1ulose, xylan. · 
- - .. . . . 

Xylan is composed of a mair:i chain of l3-l ,4 linked D-xylopyranose units. 
' - . ·. - . .. - . -

Commonly occurring side ch.ain sug~rs include glucose, galactose, 

·mannose, and more frequently, arabi:nose and uronic· acids~ The main 
·. -. - . -

chain is essentially linear, though occasional branching has been re-

.·. ported: .. · The molecular we.ight of ~ylan has been reported to be in the 

·range of 10,000 to20.,000 (Aspinall, 1970). 

Xyl ans are the primary component of the hemicell ulose fractions 

of Hgnified plant tissue~ Xylan comprtse 20 to .30 percent of the 

dry weight of cereals and grains. Other sources of xyl an include " 

hardwoods, grasses, and to a lesser extent, softwoods (Aspinall, 1970}. 

The number of side chains and the sugars present in the side 

. \ 
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chains vary with the source of the xylan .. Xylans from cereals, such 

as wheat and rye, contain many arabinose side chains while those from 

hardwoods generally contain many glucuronfc acid side chains 

(Southgate, 1976). Xylans from larch contain side chains of glucose 

and arabinose (Salyers et _tl., 1979). 

American Association of Cereal Chemists Soft White Wheat Bran (SWW) 

is another typfcal dietary fiber. Wheat bran comprises the ou.ter layers 

of the wheat grain. It is the most concentrated form of dietary fiber 

in our diet. (Cunmings, 1976). 

SWW contains .44.1 percent dietary fiber. It contains 9.l percent 

cellulose, 3 percent lignin, and 32 percent hemicellulose (Munoz et _tl., 

1979). The hemicellulose contains approximately 58 percent pentoses 

(Rasper, 1979). The major pentoses inthe hemicellulose of wheat bran 

are xylose and arabinose.and they occur in a ratio of 3 to 2 respec.,.. 

tively {Collings and Yokoyama, 1979). Small amounts of rhamnose, 

fucose, mannose, and galatose are found in the dietary fiber: of wheat 

bran (Theander and Aman, 1979), 

There have been several studies of man's ability to digest dietary 

fiber. Digestion in these cases is measured as the percentage of the 

fed component that is not recovered in the feces; Williams and 

Olmstead (1936) found an average of 38 percent of the cellu1ose and 

56 percent of the hemicellulose in dietary fiber was digested by three 

medical students. Southgate and Durnin (1970) found that an average 
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' 
of 29.4 percent of the cellulose and 87.2 percent of the hemicellulose. 

was digested~ Recently, male vd1unteers consumed 26 grams of SHW 

daily. They di'gested a range of 13 to 29 percent of the cellulose and 

43 to 54 percent of the hemicellulose of the wheat bran (Dinttis 

et_tl., 1978). 

In general, studies such as those above have found that hemi-
; 

. . 

cellulose is digested more completely than. cellulose, but the total 

amount of di'etary fiber digested is vari'able, This variability Cle .. 

pends primarily on the source of the dtetary fiber (Van Soest and 

Robertson, 1 977) • 

'·.-... · 
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MATERIALS ANO METHODS 

A. Strain of ~ats 

Eight male rats of the Sprague-Dawley strain were used in this 

study. The rats weighed 240 to 250 grams at the initiation of the-

study. The rats were pu~chased from Flow Laboratories (Dublin, VA). 

B. Sources .of Dietary Fiber· 

Guar gum used in the diet was a low viscosity, food grade gum 

(type F-G..:40-70}, It was acquired from Hercules, Inc., Food and 

·Fragrance Department (Wilmington, Delaware), The guar gum contained 

approximately 78 percent galactomannans and 13 percent moisture. It 

was determined to contain less than 0,1 percent low molecular weight 

carbohydrates and to have an approximate molecular weight of 

2,000,000 based on gel filtration versus dextran standa~ds (Balascio, 

1977). 

Xylan used in this study was purchased from the Sigma Chemical 

Company (St. Louis, MO). The xylan sample had a molecular weight be-

tween 10,000 and20,000 and was derived from Larchwood. The xylan 

·sample was essentially pure xylose with trace amounts of glucose, as 

determined by HPLC analysis of trifluoroacetic acid hydrolysis 

products.· 

American Association of .Cereal.Chemists Soft White Wheat Bran (SWW} 

10 
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' 
used in the diet was.a gift from the United ?tates Depart~entof 

. . . . . 

Agriculture's Northern Regional Research Center(Peor;ia, IL). SWW, 

cont~ined44.l percent dietary fiber (Munoz et _tl., 1979). The·.carb"o-
. . . ' 

hydrate composition of SWW i{sh6wn in-Table I. 

C. · Diets 

Purified casein, sucrose, D-L methionine,. vitamin mix (catalogue 

. # 904655) ; and mineral mix· (catalogue #102845) .· u~ed in the . diets · were 

purcha.sed from J CN Life Sci ~nces Group (Cl eve 1 and, Ohio), . All diets 

were nutritionally adequate for rats (Ackerman, 1978}. The diets and 

water were fed to the rats ad.libittim. 

1 . Bas a 1 Di et 
' ' 

The composition of the basal diet ls shown inTable f't:. The 

basal diet was a refined carbohydr~t~ di~t with sucrose comprising 

66 •. ~ perce·nt. All eight rats were _fed the basal diet for a five' da.Y 
. . . '· . 

equilibration period and24 hour urine samples were collected. Two 

rats' acted as controls and remained on ithe basal diet for: the duration 

of the stydy, 

2. Guar Gum Diet 

. The composition of)h~ ~ua:r guin s'uppl emehted di et is. shown in 

Table III. Guar ·gumwas added ~t5 pe·rcent of the basal diet at the 

expense of sucrose after prelimi.nary research indicated ~hat the rats' 

feed consumpti ori decreased ·when guar ·gum was add~d at 10 percent of ·. 
. . . .. . .·. . . ..:· .. _ 

the basal diet. The diet was fed to six rats for a five day period 
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Table I. Carbohydrate Composition of AACC Soft White Wheat Bran1 

Hemicellulose 

Cellulose 

Starch 

1adapted from Munoz~ _tl., (1979) 

% of 
total 

32.0 

9. 1 

31.0 
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Table II. Composition of the Basal Diet 

% of Diet 

Casein 22.0 

Sucrose 66.6 

Crisco 5.0 

v·t · w 1 i amrn ix .2.2 

Mineral Mix2 4.0 

D-L Methionine 0.2 

1Vitamin mix obtained from ICN Life.Sciences Group, Cleveland, Ohio 
.(Catalogue# 904655) 

2Mineral mix obtained from ICN Life Sciences Group, Cleveland, Ohio 
· (Cata'logue # 102845) 
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Table III. Composition of Guar Gum, Xylan, and Wheat Bran Diets 

% of Guar % of Xyl an % of Wheat 
Gum Diet Diet Bran Diet 

Casein 22.0 22.0 22.0 

Sucrose, 61.6 56.6 56.6 

Guar Gum 5.0 0.0 0.0 

.Xylan 0.0 10. 0 0.0 

Wheat Bran 0.0 0.0 10. 0 

Crisco 5.0 5.0 5.0 

Vitamin Mix 2.2 2.2 2.2 

Mineral Mix 4.0 4.0 4.0 

D-L Methionine 0.2 0.2 0.2 
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and 24 hbur urine sa~ples were collected.· 

3. Xylan Di et 

The composition of the xylan supplemented diet is shown in 

Table III. . Xylan was added at 10 percent of the basal diet at the 
, 

expense of sucrose. The diet was fed 'to six rats for a period of 

5 days and 24 hour urine samples were collected, 

4. Wheat Bran Diet 

The composition of the wheat br~D supple~ented diet is shown· 

in Table IlL SWW was added at 10 percent of the basal diet af the 

expense of sucrose, This diet was fed to six rats for a five day 
' 
period and 24 hour urine _samples wer~ collected., 

·D. Collection of. Urine . 

The rats were placed in individual' metabolic cages that made 

possible the.collection of. all.urine and fecal ~amples •. ;·Twenty-four 

hour urine samples were collected, in 10 milliliter glass .beakers con-·· 

·taining O.S ml of toluene." The toluene ·was added to prevent the 

growth of bacteria during the collection. period (Driskell, 1978). 

E. Preparation -0f Urine Samples 

All urine samples were frozen immediately after collection. After 
. ' . . 

the samples had frozen~ the toluene was decanted from the beakers. 

l~ Centrifugation 

The urine samples were centrifuged at 2000.x g for five minutes 
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in an International clinical centrifuge (LE.C., Needham, MASS). This 

was done to remove any extraneous particles that might have come from 

the metabolic cage. The supernatant fluid was removed with a Pasteur 

pipet and placed in a filtering centrifuge tube. 

2. Ultrafiltration 

The urine samples were ultrafiltered in filtering tentrifuge 

tubes (Millipore Corp., Bedford, MASS) containing a type PSED 025 

ultrafiltration membrane (Millipore Corp,) with a nominalmolecular 

weight limit of 25,000, Approximately 80 percent of the molecules with 

a molec-ula:r weight of 25,000 or above are retained by this membrane 

while virtually 100 percent of the molecules with a molecular weight r . 

of 1000 or less, pass through the membrane (Millipore Catalogue, 1974). 

The filtering centrifuge tubeswere placed in adaptors 

(Scientific Products, McGaw Park, IL) in which strips of styrofoam 

,had been placed to assure that the tubes fit tightly. The tubes were 

centrifuged at 500 x g at 10 C for 45 minutes in an IEC model PR-2 

refrigerated centrifuge. In this time, approximately 2.5 ml of urine 

were ultrafil tered ~ 

Ultrafil tration was performed with this type of ul trafiltration 

membrane to remove most of the proteins from the urine samples since 

most urinary proteins have a molecular weight above lxl05 • Protein 

will not interfere with the analysis of urinary carbohydrates but it 

can clog HPLC tub,ing and be retained on the column, thus increasing 
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pressure n'eeded to a chi eve fl ow (Meagher and Furst, 1976). 

3. Deionizafion 

Preliminary analysis of urine samples using high perfonnance 

liquid chromatography (HPLC) indicated that ionizable compounds pres-
• J 

ent in urine interfered with certain carbohydrate peaks. Therefore, 

all urine samples were deionized prior to HPLC analysis. 

Two milliliters of sample were placed in a Pyrex test tube 

that contained 0.2 grams of a mixed. bed. of 200-400 mesh AG 50W-X8 

. (H+) and AG-3-X4A (OH-) resins (Bio-Rad Laboratories, Richmond, CA). 

The sample and resins were mixed at high speed for 5 minutes using a 

Vortex mixer. The test tubes were then centrifuged at 2000 x g for 

5 minutes to sediment the resins. The-supernatant fluid was removed 

using a Pasteur pipet, placed in a storage vial, and frozen. 

· Preliminary analysis indicated that the dry resins used in 

deionization concentrated the samples by absorbing water. This 

problem was circumvented by saturating the resins prior to deionization 

of' the samples. This was done by ·placing 0.1 gram of each of the 

resins in a test tube and adding 2 ml of deionized water. The water 

and resins were mixed and then centrifuged at 2000 x g for 5 minutes. 

The water was then decanted from the test tube. Excess water in the 

test tubes was allowed to evaporate before the resins were used for 

deionization. 
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4. Concentration 

All urine samples were filtered through a 0.45 µm filter 

utilizing a Swinnex type syringe filter (Millipore Corp.). The samples 

were concentrated by placing 1.2 ml of urine in a 5 ml capacity 

Reacti-vial (Pierce Chemicals, Rockford, IL). The samples were heated 

in a Reacti-Therm (Pierce Chemicals) at 65 C while a stream of nitrogen 

agitated the surface, This procedure continued,until the sample had 

been concentrated 8 fold. 

F. High Performance Liquid Chromatography (HPLC) 

l. Equipment 

The carbohydrates in urine samples were analyzed using high 

performance liquid chromatography (HPLC). The equipment used in HPLC 

analysis was a Model ALC 201 chromatograph incorporating a Model R-401 

Refractive Index detector, a Model U6K Injection system, and a Model 

M 660 flow programmer (Waters Associates, Millford, MASS). A 

11µbondapak/carbohydrate 11 column, 30 cm x 4 mm I.D. stainless steel 

(Waters Associates), was used to separate the carbohydrates 

(Palmer, 1975; Conrad and Palmer, 1976; Meagh,er and Furst, 1976, 1978). 

Data were recorded on a dual channel Omni-Scribe recorder (Houston 

Instruments, Austin, TX). 

The eluting solvent used in this analysis was a water/acetoni-

trile mixture (20/80). All solvents were filtered through 0.45 or 

0.5 µm pore size filters (Millipore Corp.) and degassed under moderate 
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vacuum prior to use. The recorder chart speed was 1 cm/min and the 

attenuation was 4 x. All analyses were· performed at ambienttemper-

ature. 

The use of a flow programmer permitted elution of the higher 

molecular weight carbohydrates in a shorter time (Conrad and Palmer, 

1976). The parameters of operaUon of the flow programmer were chosen 

to minimize the higher saccharides' elution times while maintaining 

the resolution between monosaccharide peaks. · Jhe final flow program 

chosen was a flow rate from 0.5 to 6 ml/min in 25 minutes, using 

curve 9 on the Model M 660 flow prograrnner. A typical HPLC chromatogram 

of carbohydrate standards using this program is shown in Figure 1. 

Figure 1 al so shows the flow profile generated by curve 9 on . 

the Model M 660 flow programmer. The curve remains relatively flat 

for 50 percent of the flow program. ~-~Puring the remainder of the 

program, the flow rate is raised rapidly~. The final conditions of 

6 ml/min were chosen to assure that the flow rate would increase ( . . . -

rapidly after elution of the monosaccharides, However, the fl ow 

program was never allowed to reach 6 ml/min since the pressure at this 

flow rate would exceed that recommended for the "11bondapak/carbohydrate 11 

column. Instead, the program was manually put on hold when the fl ow 

rate reached approximately 2 ml/min and it was held at this fl ow rate 

for the remainder of the analysis, 

When (the resolution between peaks began to deteriorate, a new . 
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1. 11 Front 11 

2. Ribose 
3. Xylose 
4. \Arabi nose 
5. Fructose 
6. Mannose 
7. Glucose 
8. Galactose 
9. Sucrose 

. FLOW PROF\L'G. 

10 
TIME (min) 

15 20 

FIGURE 1. HPLC chromatogram of carbohydrate standards. Solvent= 
H20/CH]CN (20/80); flow rate was programmed from0.5 to 
6.0 ml/min in 25 minutes using ~urve 9 on the Model M 660 
fl ow programmer and put on ho 1 d when the .fl ow rate 
reached 2 ml/min; see text for details, 
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11 µbondapak/carbohydrate 11 column was used for analysis, This necessi-

tated a change irl the parameters of operation of the flow programmer. 

A flow 'rate of 1 to 6 ml/min in 25 minutes using' curve 9 on the 

Model M 660 flow programmer gave a sepa-rati on equivalent to .that which 

had previously been obtained, 

2. Carbohydrate 'standards 

Ribose, xylose, arabinose, fructose, mannose; glucose, galatose, 

and sucrose (ICN Pharmaceuticals, Cleveland, Ohio) were dried overnight 

at 60 C in a vacuum oven. Carbohydrate standards were prepared in 

concentrations from l mg/ml to 10 mg/ml. Urea (J. T. Baker Chemical 

Co., Philadelphia, PA) was .prepared at a concentration of 10 mg/ml. 

: All standards were filtered through a 0,45 µm filt~r uti1izing a 

Swinnex type syringe filter (Millipore Corp.) priOr to injectfon into 

the HPLC. 

3. .fu!,alysis of Urine Samples 

Urine samples from the basal diet and the guar.gum diet were 

analyzed on HPLC using a flow program from 0,5 to 6 m1/min in 25 

minutes~ Urine samples from the wheat bran diet were analyzed using a 

flow pr.ogram from· l to 6 ml/min in 25 minutes~ 

PreHminary analysis of urine from the xylan diet indicated 

that these samples could be analyzed without use of the flow programmer. 

These samples were analyzed at a flow rate of 2 ml/min. 

Normally, 20 µl of sample were injected into the HPLC using a 
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25 µl syringe (Precision Sampling torp., Baton Rouge, LA). Carbohy-

drates in the urine samples were tentatively identified by comparing 

their retention times with those of standards. Confirmation of 

identity was achieved using thin layer chromatography or gas chromato-

graphy, 

Urinary carbohydrates were quan-titated by comparing their peak 

area to that of standard curves. Standard curves were prepared by in-

jecting various volumes of sugar standards of known concentration and 

determinining their peak area. 

Occasionally, the rats spilled particles of food into the 

vessels in which the urine was collected. Therefore, 11 bla'nks 11 in which 

measured amounts of the test diets had been added to urine were 

analyzed to simulate the effect of food spillage into the collection 

vessel. Sucrose was found to be the only carbohydrate whose concen-

tration increased, in these "Qlan.ks 11 • T:her~fore, food spillage into 

the collection vessel did not increase the concentrations of rare food 

sugars· in the collected urine. 

G. Thin Layer·Chromatography (TLC) 

Urine samples were analyzed by thin layer chromatography in order 

to confirm the identity ofcarbohydrates~ 

1. Equipment 

TLC was done using unactivated Redi 'coat HK thin layer plates 

(Supelco, Inc., Bellefonte, PA) .. The development solvent used was 
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n-butanol-acetone-water (4:5:2 v/v/v). Samples were spotted on the 

plates using 2 µl Microcaps (Bo lab, Inc,, Derry, NH). 

2. Analysis oJ Urine Samples 

Urine samples that had previously been concentrated for HPLC 

analysis and carbohydrate standards of 1 mg/ml and 5 mg/ml were spotted 

on TLC plates at volumes of 2, 4, 6, and 8 µl, The spots were allowed 

to dry and the plates were developed in a closed tank until the solvent 

had moved 15 cm. The pl ates were all owed to dry and were then sprayed 

with 1 percent p-anisidine hydrochloride in ethanol, The plates were 

heated in a drying oven at 100 C for 10 minutes. The urinary carbohy-

drates were identified by comparing their Rf values and colors with 

those of standards •. 

H. Gas Chromatography (GC) 

Carbohydrates in qrine samples from the wheat bran diet were c.on-

firmed using gas chromatography. 

1 .. Equipment 

Urine samples were analyzed using a Varian Aerograph 1400 gas 

chromatograph. The column used for analysis was a5 foot (152.4 cm) x 

2 ITll1 I.D. glass column packed with 3% OV 225/2.5% tetramethylcyclo-

butanediol succinate on Supelcoport, 80-100 mesh {Supelco, Inc., 

(Bellefonte, PA). The carrier gas used was.helium. 

2. Preparation and Analysis of Urine Samples 

Derivatives of urine samples were made for GC analysis. 
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Aldononitrile acetate derivatives were prepared by the method of Li 

et .tl_. (1977). The samples were evaporated to dryness. Pyridine and 

hydroxyl amine hydrochloride were added to the samples and the mixture 

heated. Acetic anhydride was then added and the mixture heated again. 

After the sample had cooled, deoxyglucitol acetate was added as an 

internal standard. The mixture was evaporated to dryness and 1 ml of 

chloroform was added. The chloroform layer was washed with water, 

0.5 M sodium bicarbonate, and again with water, The chloroform layer 

was dried with anhydrous sodium sulfate and was concentrated as required. 

The derivatized sample was injected into the GC, The injection 

port temperature was 220 C while that of the flame ionization detector 

was 250 C. The samples were analyzed using a temperature program from 

180 to 200 Cat 1 degree per minute using a helium flow rate of 

20 ml/min, 



RESULTS AND DISCUSSION 

A. Urinary Carbohydrate Profiles From Basal Diet 

Carbohydrates in 24 hour collections of urine were analyzed ustng 

HPLC. Urine s~mples from the 8 rats were first collected and analyzed 

24 hours after the feeding of the basal diet began. These urine 

samples exhibited a complex carbohydrate profile as shown in Figure 2. 

No attempt was made to identify the i'ndividual carbohydrate peaks. 

In retrospectr it was concluded that the complex carbbhydrate 

pattern iii the 24 hour urine samples must result from the more complex 

·diet fed to the rf.tS prior to starting them on the basal diet since 

urine samples collected 48 hours after the basal diet feeding began 

contained only sucrose and its component monosaccharides, glucose and 

fructose (Figure 3). This was consiste!lt for all 8 rats whenever they 

were fed the basal diet, The identity of the carbohydrates was 

achieved t,rom HPLC retention data and confirmed by TLC. 

These results indicate that carbohydrates in urine arise as the 

absorbed and then excreted products of digestion. Sucrose was the 

"only major carbohydrate in the basal diet and it and its mono-

saccharide components were the only carbohydrates detected in the 

urine samples. 

The amounts of the carbohydrates excreted varied greatly between 

rats and with the same rat from day-to-day. However, in all cases, 
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FIGURE 2. HPLC chromatogram of urinary carbohydrates after 24 hours 
on basal diet. Flow rate as in Figure l. · 
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FIGURE 3, Typical HPLC chromatogram of urinary carbohydrates from 
basal diet. Flow rate as in Figure l. 
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sucrose was excreted in the greatest aroount, followed by fructose, with 

glucose being excreted least .. 

Food spillage into the collection vessels will increase the sucrose 

~ontentration in the collected urine, as discussed earlier (see Section 
. l 

F, Materials and Methods). However, even in those urine samples in 

.which no food particles were observed, sucrose was present in greater 

concentration than either glucose or fructose. 

· Crallejl975) has stated that unhydrolyzed di- and other saccharides. 

are absorbed only if the small intestine is injured or diseased. 

Other researchers (Weser and Sl ei senger, 1967; Nakamura and Tamura, 

1972) have found that small quantities of oligosaccharides are absorbed 

intact when large doses are fed to man. 

Most oligOsaccharides absorbed into the blood are not metabolized 
. .- . 

·in the body; Maltose, which can.be; nietaboli.zed after being given 

intravenously, has been found· tO' be the only exception (Weser and 

Sleisenger; 1967; Young and Weser, 1971), Nakamura and Tamura (1972) 

found that the disaccharide level in tffine is a rough measure of 
'· ' . ' 

blood disaccharidecconcentration. Therefore, with the exception of 

maltose, tbe amountof disaccharide excreted in the urine is a measure 
. . . . ~ , 

of the amount of unhydrolyzed disaccharide absorbed. 

Weser and Slei senger (1967) found that male subjects who ingested 

25 grams of sucrose excreted 17,9±9.6 mg of sucrose in the urine. In 

the present study, the amount of sucrose in 24 hour ·urine samples was 
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determined for those samples in which no food spillage into the 

collection vessels occurred, The rats consumed approximately 13 grams 

of sucrose in 24 hours. In 24 hours they excreted a total amount of 

sucrose in the urine in a range from 2,9 to 5.3 mg. Therefore, 

approximately 3 to 5 mg of unhydrolyzed sucrose were absorbed by the 

rats per day. At most, only 0.04 percent of ~he ingested sucrose was 

absorbed intact. 

B. Urinary Carbohydrate Profiles· From Guar Gum Diet 

Urine samples were analyzed after feeding rats the guar diet in 

which guar gum was substituted for 5 percent of the basal diet at the 

expense of sucrose. Urine sampl~s collected after 24 hours on the guar 

gum diet were comparable to the basal diet urine, containing only 

glucose, fructose, and sucrose. Urine samples collected after 48 

hours on the guar gum diet contained galactose as well as glucose, 

fructose, and sucrose, A typical HPLC chromatogram from the guar gum 

diet is shown in Figure 4. Glucose and galactose are not well 

separated by HPLC but a tailing of the "glucose" peak indicates that 

galactose is present. Confirmation of the identity of the carbohydrates 

in the urine samples was accomplished using TLC. 

No mannose was detected in any of the urine samples during the 

feeding of the guar gum diet. Mannose was marginallyrseparated from 

fructose via HPLC (see Figure 1) and could have been identified if 

present. 
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FIGURE 4.. Typical HPLC chromatogram of urinary carbohydrates from 
guar gum diet. Flow rate as in Figure 1. 
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The presence of galactose in the urine indicates that guar gum is 

partially degraded in its passage through the alimentary canal and 

that galactose is ab~orbed into the blopd, 

C. Urinary Carbohydrate Profiles From Xylan Diet 

Urine samples were analyzed after feedi.ng the xy1an diet in which 

xylan was substituted for 10 percent of the basal diet at the expense 

of sucrose. Xylose was detected in the urine samples 48 hours after 

the feeding of the xylan diet began, A typical HPLC chromatogram of 

urinary carbohydrates from the xylan diet is.shown in Figure 5. No 

oligomers df·xylose, such a.s x,Ylobiose or xy1otriose, were detected 

in the urine samples. Confi·rm.ation of identity of the .carbohydrates 

was achieved using TLCr 

These results indicate that xylan is at least ·partially degraded 

in the alimentary canal and that some free sugars acre absorbed into 

the blood. 

D .. Urinary Carbohydrate Profi 1 es From Wheat Bran Di et 

Urine samples were analyzed after feeding the rats the wheat bran 

diet in which wheatbran was substituted for 10 percent of the basal 

diet at the expense of sucrose. Xylose and arabinose were detected in 
..., 

the urine samples 48 hours after the feeding of the wheat bran diet 

began. A typical HPLC chromatogram of urinary carbohydrates from the 

wheat bran diet is shown in Figure 6. 
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FIGURE 5. Typical HPLC chromatogram of urinary carbohydrates from 
xylan -diet. Flow rate = 2 ml/min, 
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The concentration of both xylose and arabinose in the urine was low, 

approximately 0.02 mg/ml. At this concentration, quantitation via HPLC 

was inaccurate, 

Further concentration of the samples or larger injection volumes 

could not be used to facilitate analysis. Either of these approaches 

led to broadening of the solvent front and urea peak so th~t early 

eluting carbohydrates (xylose and arabinose) were obscured. 

Confirmation of identity of ·xylose and arabinose in the urine 
L 

samples could not be achieved using the TLC procedures used in this 

study. In an attempt todetect the trace amounts of xylose and 
) 

arabinose in the urine samples, 10 µl or more of urine were spotted 

on TLC plates, This caused the plates to become overloaded with re-

sultant streaking of the sample. 

Normally, large sample volumes of 10 µl or more could be analyzed 

. by TLC. The fact that the plates streaked was attributed to the 

presence of considerabl£ amounts of ionizable material in the urine 

samples, Even though the samples were 11 deionized 11 , considerable 

ionizable material remained in the urine, The deionization procedure 

was adequate for HPLC analysis but ionizable mate~ial apparently in-

terfered when large volumes of sample were used for TLC analysis. 

The identity of the carbohydrates in the urine samples was con-

firmed by Dr. J, R. Vercellotti of the Department of Biochemistry and 

Nutrition at VPI&SU using gas chromatography, Both xylose and 
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FIGURE 6. Typical HPLC chromatogram of urinary carbohydrates from 
wheat bran diet. Flow rate was programmedfrom 1.0 to 
6.0 ml/min in 25 minutes using curve 9 on the Model M 660 
flow programmer and put bn hold w.hen the f]ow rate reached 
2 ml/min; see text for details. 
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arabinose were present in the urine samples. Gas chromatographic · 

analysis of the urine samples indicated thqt •fucOse and ga·lactose were 
. . . ·. . : . ; .· 

also present in the urine samples µt approximat,e concentrations of 

0.001 mg/ml. At this concentration, neither of these carbohydrates 

could be detected by HPLC or TLC analysis. Both fucose and galactose 

are found in the dietary fiber of wheat bran in small amounts. 

These results indicate that wheat bran is partially degraded in 

its passage through the alimentary canal and that xylose and arabiliose 

are absorbed into the blood. 

Erythritol was detected in all urine samples during the time that. 

the wheat bran diet was fed. Erythritol has been identified as a 

common component of normal human urfoe (Hidehiko et tl., 1972). Since 

erythritol was .. detected in the urine of controls fed the basal diet 
' ' ' 

during this time, as~well as the urine of rats fed the wheat bran diet, · 

it would appear that a common factor was responsible for its appearance. 

One such factor could be the age of the rats since the wheat bra:n diet 

was the ·last diet fed·\ 



CONCLUSIONS 

Earlier studies have ~hown that a wide range of carbohydrates are 

normally prersent in the urine. In the present study, we found that 

these carbohydrates appear as the absorbed products of digestion. Thus, 

carbohydrates in urine are the products of catabolism rather than 

anabolism. If r~ts are fed a diet in which sucrose is the only carbo-

hydrate present, only sucrose and its componentmonosaccharides, 

glucose and fructose, are found tn the urine. Thus, we conclude that 

the carbohydrate composition of urine reflects the carbohydrate 

composition of the diet,· 

Many of the carbohydrates that occur in urine are taken in the 

diet as constituents of dietary fiber. These carbohydrates include 

xylose; arabinose, and mannose. Ga lactose is consumed both as dietary 

fiber and as a component of lactose. 

In the present study, rats were fed a diet in which the carbo-

hydrate contents were controlled so that the source of urinary carbo-

hydrates could be identified. When guar gum (a galactomannan) was fed 

to rats, galactose was excreted in the urine, but no mannose was de-

tected. Xylose was identified in urine of rats fed xylan (a polymer 

of xylose) while xylose and arabinose were identified in the urine of 
' rats fed wheat bran in whiCh a primary component is arabinoxylan. 

These results indicate that dietary fiber is partially degraded in its 

36 
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passage through the alimentary canal and that some of t.he component 

sugars are absorbed as such, 

Bacteria in the colon of monogastric animals are believed to be 

capable of degrading dietary fiber •. Salyers et~· (1977, 1978) found 

that strains of Bacteroides and Bifidobacterium isolated from the human 
.· 

colon were capable of fermenting a variety of types of dietary fiber.: 

Strains of Bqcteroides and Bifidobac.terium make up nearly 30 percent 

of the isolates from the human colon (Salyers et~-, 1979). 

Vercellotti et E.]_, (1978) have provided evidence for bacterial de-

gradation of d.ietary fiber in vivo in the human colon, These workers 

compared concentrations of high molecular weight carbohydrates in the 

small intestine and the colon and found the concentrations decreased 

throughout the colon, This indicated that dietary fiber was broken 

down as it passed through the colon. 

Bacterial degradation of dietary fiber does result in some re-

lease of soluble sugars. Scheifinger and Wolin (1973) showed that 

Selenomonas ruminantium that would not grow on a cellulose medium, 

grew well on the same medium when cultured with a cellulOlytic 

bacteria, Bacteroides succinogenes, Thus, some of the sugars produced 

by bacterial degradation of dietary fiber can accumulate in the medium. 

In the colon, these sugars could be absorbed as such. 

The primary end products of bacterial fermentation of dietary 

ftber fo monogastric animals are volatile fatty acids (acetic, 
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proprioni c, butyri c), carbon dioxide, water, and methane '(Cummings, 

1973). Conrad et tl· (1958) found that 50 percent of the cellulose 

fed to rats was digested and absorbed since 50 percent of the radio-

active cel1ulose appeared as expired radtoactive carbon dioxide. 

Yang et tl· (1969} found that increasing the amount of cel1ulose in 

the diet of rats led to an tncrease in the concentrations of volatile. 

fatty acids in the large intestine. In the same study, the authors 

found a decrease in the concentrations of volatile fatty acids from 

the large intestine to the rectum which they interpreted as indicating 

that volatile fatty acids are absorbed in the colon. In man, 

Van Soest and Robertson (1977) have calculated that up to 80 percent 

of the volatile fatty acids produced by bacterial fermentation of 

dietary fiber are absorbed. 

Crane (1975) believes that the large intestine is incapable of 

absorbing sugars, However, other studies have indi.cated that the 

colon can absorb sugars, perhaps through diffusion. Burget et tl· 
(1933} found that sugars were absorbed by the colon but at a much 

slower rate than in the small intestine, Heaton (1972) found that 

the colonic mucosa can absorb glucos~ while Long et tl· (1967) found 

slight absorption of radioactive glucose into the blood at this site. 

The above findings suggest a mechanism by which dietary fiber 

is digested and absorbed by monogastric animals. Many of the bacteria 

in the colon require a carbohydrate source for growth; however, the 
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main source of carbohydrates in the colon is dietary fiber (Salyers 

et tl., 1978). Colonic bacteria must degrade dietary fiber to simple 

sugars or short chain ol igomers before they can be used for bacterial 

metabolism. Some, of the sugars thus produced are released in the 

colon and are absorbed into the blood. The absorbed sugars are 

metabolized to vari'ous extents and then the unmetabolized sugars are 

excreted in the urine. Thus, many sugars would appear in the urine 

that are seldom taken inthe diet in the free state but are cormnon 
' 

components of dietary fiber. 

Since dietary fiber is not digested by human enzymes, it could 

be proposed that bacteria in the small intestine partially degrade 

dietary fiber and produce free sugars, The free sugars could be 

absorbed across the brush border membrane of the small intestine as 

are the common dietary sugars. However, the small intestine contains 

o-nly small numbers of microorganisms and these appear not to be 

growing (Jeanes, 1975), 

When guar gum was fed to rats, galactose was found in the urine 

but mannose was not, -This_ suggests that the bacteria are. only able_ 

to degrade the side chains and cannot attack the main mannan chain. 

However, it is also possible that the man,nanchain is partially de-

graded and that fre·e mannose is produced but is further fermented or, _ 

if absorbed, is metabolized in the body. 

Xylose was found in the urine when rats were fed xylan. No 

r 
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oligomers of xylose were found in th~ urine. Any oligomers of xylose 

that were absorbed would have be~n e~creted in the urine since the 

·rats could not metabolize them. The finding of only xylose agrees with 
. ' ' . .. . . ·' ·.·; . · ... 

the results of Balascio (1977) who found that strains of Bacteroides 

isolated fr.om the human colon and grown on xylan produced enzymes 
. . 

which were capable of degrading xyl an.· The only product detected was 

xylose so that the enzymes appeared to be exo~enzymes. Howev.er, 

oligomers of xylose could have been produced in the colon of the rats 

but not be absorbed into.the blood, 

·.These results indicate that a purified hemicellulose such as 

xylan can be partially digested and absorbed by rats. In order to 

determine if the same results occurred when a food product was con-

sumed, the rats were fed wheat bran, Wheat bran is a cereal that con-

. tains considerable amounts of the hemicellulose, arabinoxylan. Both 

· xylose and arabinose.were found in the urine of rats fed wheat bran. 
. . . . 

Thus, the rats were also capable. of partially digesting and absorbing 
. . 

the carbohydrate products of a dietary fiber that is commonly consumed. 

In all test diets fed, there was a time delay between the feeding 

of a particular di.et and the appearance of the carbohydrate products 

of the diet in.the uri~e. Urine collected during.the second 24 hour 

collection period after a particular diet was begun, reflected the 

carbohydrate composition .of that diet, whi.le urine collected during 

the first 24 hour collection period did not, This time delay is 
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probably a measure of the time required to excrete absorbed products 

from the body. 

A general 1 imitation of this type of study was the fact that there 
. . 

is no way to measure the amount of deg:radation of dietary fiber nor 

the amounts of free sugars absorbed. The carbohydrate products being 

measured in the urine are waste products that the body did not use. 

Nevertheless, several conclusions tan be drawn from this study. 
. . . 

It confirms that dietary fiber is not una\lailabl e carbohydrate for 

monogastric animals. ·. Previous studies have shown that dietary fiber 

is partially digested and that the primary 'products of digestion of 

dietary .fiber are volatile fatty acids, water, carbon dioxide, and .. 

methane.. The present study found that free sugars .are also produced 

by the digestion of dietary fiber and that smi:ie. of these free· sugars 

are absorbed .into the blood. The· fact that free· sugars ~re absorbed 

. gives further support to the theory that volatile fatty adds produced 

by digestion of dietary fiber·are absorbed by monogastric animals. 

In this study, we proposed and tested a mechanism by which r~re 

food s.ugars could ari'se in the u,rine, · We also confirmed the finding 
. . . 

that trace amounts of disaccharides are absorbed intact when large 

doses are fed, 

,Despite the inability to measure the amount of sugars absorbed, 

it seems unlikely that dietary fiber contributes much energy to the 

body in the average American diet. Most Americans and people in· 
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industrialized countries in general, eat diets containing large amounts 

of fats, proteins, and refined carbohydrates, However, both vegetar-

ians and those whose diet provides only marginal amounts of energy 

could derive signifi~ant energy from the ,absorbed products of bacterial 

digestion 9f dietary fiber, 

Absorbed rare food sugars may have unique physiological effects in 

the body. Xylose and galactose have been shown to produce cataracts 

in laboratory animals when fed in large amounts (Birch, 1969; ,, 
Kinoshita, 1974). Arabinose, when fed with either xylose or galactose, 

' 
has been shown to enhance the rate of cataract formation (Shallenberger 

and Birch, 1975), When xylose or galactose is fed to animals in large 

quantities, the sugar accumulates in the lens of the eye. The sugar 

is converted to its sugar alcohol {xylitol or dulcitol) in the lens 
J 

by al dose reductase, Since the sugar alcohols are not metabolized in 

-the lens nor can they penetrate the lens membrane, water begins to 

accumulate in the lens. These are the initiating steps in cataract 

formation. There is no evidence that feeding of high levels of xylose 

or galactose wi"ll induce cataract formation in man; however, cataract 

formation in patients who suffer from galactosemia is believed to 

follow this same mechanism. Thus, great increases in the intake of 

dietary fiber may not be entirely beneficial, 

Other aspects, beyond the scope of the present study, require 

further investigation. Other types of dietary fiber need to be studied 
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for their digestibility and absorption. The amounts of dietary fiber 

digested as well as the concentrations of absorbed products should 

also be determined. In the present study, wheat bran, a very lignified 

dietary fiber, was used, Lignin is known to reduce the digestibility 

of dietary fiber in ruminants~ The effects of lign in content in 

dietary fiber on digestion in monogastric animals require further study. 
' 

A similar study of digestion and absorption of dietary fiber 

should be made using human subjects. The results obtained using rats 

should be confi_rmed in man, One might argue that the digestibility of 

dietary fiber in rats was due to their large cecum. Yang et tl· 
(1969) found that the removal of the cecum from rats decreased their 

ability to digest cellulose but that the rats still digested sub-

stantial quantities, 

Studies using methods similar to those employed in this research 

might>consider the following. The methods used for HPLC analysis in 

this study involved a compromise between resolution and analysis 
I 

time. Future studies might wish to maximize resolution at the expense 

of analysis time by changing the solvent ratio. This would not be a 

great hardship if fewer samples were analyzed, The present study 

indicated that there were no changes in the carbohydrate composition 

of urine between the second and fifth day on a particular diet. 

This would indicate that there. is no advantage in continuing a 

particular feeding study beyond 2 or 3 days. 
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. ·: . . . . -. 

The .separation ofmonosaccharides by HPLC requir~d gr~at care. 
. . . 

The HPLC must be operatj.ng at optimal. conditions and the column used 

must have maximum reso.l ution .to obtain cl ear: separations~·. :Nevertheless, 
. . 

the separations obtained by HPLC were ·far superior and much faster than · 

those obtained by TLC. 

Finally, a procedure to remove urea from urine samples would 

facilitateHPLC analysis .. This wou.ld allow for larger injection volumes 
. ', ' . . ... ·, . 

. . . 

which would assist in identifyfog carbohydrates present in low concen-

trations • 

. ·-, 

. ;_.: .. ' 1c.: • 

[. 

. . ''. 
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URINARY CARBOHYDRATES AS AN INDICATOR OF 

DIGESTION AND ABSORPTION OF DIETARY FIBER 

IN A MONOGASTRIC ANIMAL 

by 

James H. Piurkowsky 

(ABSTRACT) 

The absorption of free carbohydrates produced by digestion of 

dietary fiber in monogastric animals was investigated, Previous 
) 

studies have shown that dietary fiber is partially digested by mono-

gastric animals in its passage through the alimentary canal. However, 

the ability of monogastric animals to absorb the products of digestion 

of dietary fiber is uncertain. 

Male rats of the Sprague-Dawley strain were fed a refined carbohy-

drate diet in which sucrose comprised 66.6 percent. The urine of 

rats fed this diet contained only sucrose and its component mono-

saccharides, glucose and fructose, indicating that the carbohydrate 

composition of urine reflects the carbohydrate composition of the diet. 

The rats were then fed diets containing 5 percent guar gum (a 

galactomannan), 10 percent xylan (a polymer of xylose), or 10 percent 

wh~at bran. The appearance in the urine of the component carbohydrates 

of the ingested dietary fiber was used as an indication of the 

absorption of the carbohydrates derived from fiber digestion. 

The urine of rats fed guar gum contained galactose. Rats fed 
l 

xylan excreted xylose in the urine, Xylose and arabinose were 

identified in the urine of rats fed wheat bran. 



It is postulated that the polysaccharides ,,of dietary fiber are 

degraded to simple sugars by bacteria in the colon. The results of 

this study indicate that free carbohydrates produced by digestion of 

dietary fiber are absorbed in monogastric animals. 

The potential nutritional and toxicological effects of the 

absorption of the carbohydrate components of dietary fiber are dis-

cussed, 
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