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ABSTRACT 

Six dietary fiber sources, wheat bran, corn bran, 

soy bran, oat hulls, rice bran, and cellulose were examined 

with regard to their abilities to bind copper, zinc, and 

iron. Their chemical composition, some of their physical 

properties, and their in vivo action on mineral status in 

tissues of chicks were investigated. Also, a comparison of 

the physicochemical properties of neutral detergent treated 

(NDF) and pepsin-pancreatin treated (EIR) residues was made. 

The release of endogenous copper, zinc, and iron 

from the fiber sources was pH dependent. Greater amounts 

of minerals were released into solution at pH 0.65 than into 

solution at pH 6.8. After a sequential treatment of pH 0.65 

solution, neutralization, then pH 6.8 buffer, the mineral 

levels in the residues were similar to those remaining in 

the residues after the near neutral treatment. This indi-

cated that the minerals were rebound after the pH of the 

solution was raised from acidic to near neutral. The amount 

of zinc in the residues from the sequential treatment 

correlated positively to protein and phytic acid contents 

and negatively to NDF and EIR contents. Neither copper nor 

iron showed any significant correlations. 

Hydrogen ion buffering capacities were determined 

for three preparations of the six fiber sources: (1) 

X 
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untreated, original material; (2) NDF-treated; and (3) EIR

treated materials. The buffering capacities were expressed 

as functions of the slopes of titration curves, where the 

smaller the slope, the greater the buffering capacity. The 

treated preparations had lower buffering capacities than 

did the untreated preparation. The treatments reduced the 

amounts of digestible/soluble components, especially 

protein in the fiber sources. Protein content was strongly 

correlated to buffering capacity for the untreated and the 

EIR-treated preparations but not for the NDF-treated 

preparation. 

Wheat bran, soy bran, oat hulls, and cellulose were 

subjected to NDF and EIR treatments, and the residues were 

used as column material for cation exchange experiments. 

A factorial experiment was performed using fibers by 

treatments by three solutions. The solutions were copper 

alone, zinc alone, and copper-zinc in combination. Cation 

exchange capacities (CEC) and protein contents were also 

determined. The CEC values for the residues from the two 

treatments for wheat bran and cellulose were similar but 

were very different for the soy bran (EIR-treated CEC was 

higher than NDF-treated) and oat hulls (NDF much greater 

than EIR). More mmoles of copper were bound than zinc 

whether presented alone or in equimolar combination. 

Protein content correlated to mmoles mineral bound for only 



the NDF-treated residues and only when the minerals were 

presented singly. 

xii 

These in vitro experiments demonstrated the in

trinsic differences of the fiber sources. One fiber source 

may be beneficial to nutritional status while another may be 

detrimental. The fiber isolation technique produced resi

dues with different compositions and different physical 

properties. Future biochemical investigations of dietary 

fiber must acknowledge the possible divergence from physio

logical reality which results from the isolation methodology. 

The chick feeding study used diets which had the 

fiber sources added to be equivalent to the addition of 6% 

dietary fiber (as NDF). At this level, all the fiber 

sources, except rice bran, resulted in adequate growth and 

adequate deposition of tissue minerals. The chicks on the 

rice bran diet had lowered feed intakes, significantly re

duced growth and significantly lower tibia zinc, iron, and 

manganese levels. One factor in the rice bran diet, which 

may have influenced the status of the chicks, was its phytic 

acid content which was the highest of the fiber sources. 

This in vivo experiment again indicates the dissimilarity 

in effects of the dietary fiber sources. 



CHAPTER 1 

INTRODUCTION AND REVIEW OF 
LITERATURE 

In the 1970's, interest in dietary fiber mushroomed 

in both the consumer-commercial and scientific communities. 

The impetus came from the findings of Burkitt, Walker, and 

Painter (19 72) a:'1d PaiPter and Burkitt ( 19 71) which de-

lineated possible "fiber deficiency diseases" in Western or 

developed societies. The idea of a need for fiber was picked 

up by commercial interests and many products have been 

"improved" by the addition of dietary fiber. The consumers 

have been deluged with advertisements promoting these "high 

fiber" products. Concomitantly, the scientific community 

realized that the Painter and Burkitt findings were epi-

demiological, and that there was little basic research in 

the area of dietary fiber.. This review focuses on the 

scientific community and its progress toward understanding 

dietary fiber. 

Possible Beneficial and Detrimental Effects 

Burkitt (1973) compared the incidence of certain 

diseases in ~vestern or developed countries to the incidence 

of these diseases in rural Africa. He correlated a higher 

incidence of diverticular disease, colon cancer, hemorrhoids 

1 
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and cardiovascular disease in the developed countries to the 

consumption of low fiber diets. The rural Africans consumed 

a diet high in fiber-containing foods and had lower inci

dences of these diseases. Burkitt termed these diseases, 

11 fiber deficiency diseases. 11 Dietary fiber has been claimed 

to be of some value in treating diverticular disease and 

diabetes, in reducing serum cholesterol, in preventing colon 

cancer, and a long list of other health problems (Institute 

of Food Technologists [IFT], 1979). 

Two areas where dietary fiber might be beneficial 

have received much study. They are: (1) the effect of 

dietary fiber on lipid and cholesterol metabolism; and (2) 

the relationship between dietary fiber and colonic diseases. 

Much of the work on lipid metabolism and dietary fiber has 

been done by Kritchevsky. This work and that of others has 

been reviewed by Story and Kritchevsky (1976). Dietary 

fiber appears to result in increased bile acid excretion but 

experimental studies have not shown consistent decreases in 

serum cholesterol with increased fiber intakes. The inter

actions between dietary fiber and bile salts have been re

viewed by Story, Kritchevsky, and Eastwood (1979). The 

results vary with fiber source (alfalfa, wheat bran, etc.), 

with chemical component of fiber (pectins, cellulose, and 

lignins), and with experimental species (rat, rabbit, and 

primate) (Truswell, 1979). The relationship between dietary 

fiber and colonic diseases is JUSt as complex. It appears 
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that dietary fiber has probable value in ameliorating the 

symptoms of diverticular disease (IFT, 1979; Brodribb, 1979). 

Again, the effects vary depending on the dietary fiber 

sources and species. The influence of dietary fiber on 

colon cancer is indirect and may result from dietary fiber 

changing colonic function. Some of these changes include: 

dilution of lumen contents, increased rate of passage, and 

the binding of carcinogenic and toxic agents. It has been 

difficult to correlate shorter transit times to decreased 

cancer incidences (IFT, 1979; Mitchell and Eastwood, 1976). 

Rubio et al. (1979) found that lignin was an effective binder 

(or scavenger) of nitrosamines and suggested that lignin may 

also bind nitrates. 

The other major area of interest in the beneficial 

effects of dietary fiber is in the controlling of diabetes. 

One hypothesis holds that the intake of high fiber foods 

activates the satiety center in the brain earlier than low 

fiber foods and thus prevents overconsumption, which may lead 

to diabetes (Heaton, 1979). Dietary fiber has been shown to 

improve glucose tolerance parameters (Reiser, 1979). This 

effect has been attributed to the delay of glucose absorp

tion from the gut and the delay in gastric emptying caused 

by dietary fiber, especially pectin. 

There are many other possible beneficial effects of 

dietary fiber including appendicitis reduction, prevention 

of varicose veins, and hemorrhoids. However, these areas as 
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well as the three areas previously mentioned will require 

continual basic research before conclusive evidence can be 

found. Kelsay (1978) prepared an excellent review of the 

dietary fiber experiments with human subjects extending until 

1976. This compilation shows the varied results obtained by 

experimenters when dealing with humans. 

The scientific community realized that along with 

the lack of basic research concerning the beneficial effects 

of dietary fiber, they did not have research examining the 

possible detrimental effects of high dietary fiber intakes. 

Oberleas, Harland, and Conner (1976) presented a study that 

delineated some possible hazards of increa~ed fiber intakes. 

Their major finding was that zinc deficiency may result from 

long term high fiber intakes. Other possible problems in

clude decreased vitamine B12 absorption, the reduction of 

nutrient consumption, and possible enlargement of the sigmoid 

colon (IFT, 1979}. 

Southgate (.1973) sug9ested some complications caused 

by increased dietary fiber in the diet. He stated that the 

decrease in transit time through the gut would decrease the 

time the food was available for digestion and absorption. 

Also, some of the characteristics of dietary fiber might 

reduce the rate of diffusion of nutrients in the lumen. 

Spiller and Shipley (1977) reported decreases in digesti

bilities of energy, fat, and protein in humans. Keirn and 

Kies ( 19 79). found that increased hemicellulose intakes in 
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mice cau5ed decreased protein and fat digestibilities. 

These effects on digestibility of nutrients might also be 

due in part to the dilution effect of dietary fiber, which 

would be important in regions where there was marginal 

nutritional status. Another factor which may influence 

protein utilization is the presence of trypsin inhibitors 

found in wheat bran and rice bran (Mistuanaga, 1974; Tashiro 

and Maki, 1979). Dietary fiber has been implicated in the 

reduced absorption of various minerals including calcium, 

iron, zinc, and magnesium (McCance and Widdowson, 1942; 

Reinhold, Ismail-Beigi, and Faradji, 1975; Drews, Kies, and 

Fox, 1979; Kelsay, Behall, and Prather, 1979; Kelsay, Jacob, 

and Prather, 1979). 

Problems of Definition 

From the beginning of examinations into dietary 

fiber, scientists encountered difficulties in exacting a 

definition for dietary fiber. Two factors are involved: 

(1) the intrinsic heterogeneity of dietary fiber; and (2) 

the methodology related to obtaining all the components that 

could fall under the dietary fiber definition. Trowell 

(1972) established that "crude fiber" represented a much 

smaller fraction than did dietary fiber. He suggested that 

dietary fiber was "the skeletal remains of plant cells that 

are resistant to digestion by enzymes of man." Since then, 

it has been realized that not just plant cell parts are 
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undigestible but that other polysaccharides, some plant 

lipids, associated proteins, and trace minerals are in

digestible. Southgate (1976), who has dealt extensively with 

the chemistry and methods of analysis of dietary fiber, 

tended toward the term unavailable carbohydrates. This is 

not acceptable due to the inclusion of the non-carbohydrate 

polymer, lignin, in dietary fiber definitions. Spiller and 

Shipley Cl9 77) suggested the term "plantix," derived from 

the undigestible plant compounds forming a matrix in the 

gastrointestinal tract of humans. This attempts to sidestep 

the problems of plant cell wall components as not all dietary 

fiber comes from cell walls. As scientific knowledge pro

gresses, the definition of dietary fiber will continue to 

evolve. 

The major components which are generally included as 

dietary fiber are: cellulose, lignins, hemicelluloses, and 

pectins. Also included, depending upon the definition, are: 

plant gums, mucilages, and algal polysaccharides. These 

compounds may fall into three classifications: cellulosic, 

non-cellulosic polysaccharides, and lignin. The general 

chemical makeup o£ each component has been investigated and 

reported elsewhere (Southgate, 1976, 1979; Theander and 

Aman, 1979). While cellulose and lignin are limited in 

their chemical componsition, hemicelluloses and pectins are 

greatly varying. The specific constituents of 
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hemicelluloses and pectins which vary in amount and type are 

the pentoses, hexoses, and uronic acids. 

The sources of dietary fiber are numerous. There 

are unrefined sources such as: milling fractions of nearly 

all cereal grains, wheat, oats, rice, and corn; alfalfa; 

legume fractions such as soybran, soybean hulls, peanut 

hulls, peanut skins; a number of byproducts from processing 

like apple or grape pomace (residue after juicing); and 

exotic sources such as coconut husks. Refined products 

which originate predominantly from wood sources include 

Avicel, Alphacell, Solka-Floc, Whatman No. 1 Cellulose 

Powder, and various cellophane products. And there are 

carbohydrate gums, which include carageenans, guar gum, gum 

arabic, agar, locust bean gum, tragacanth, etc. These are 

all sources of dietary fiber, but they contain very dif

ferent constituents with very different properties. This 

variety of compounds causes difficulties in developing 

appropriate methodologies for dietary fiber. 

He.thodologies for Chemical Analysis 

Southgate, Hudson, and Englyst (1978) suggested that 

the ideal method for dietary fiber would measure all com

ponents and provide values for the major components. They 

stated that this ideal method should also provide informa

tion on the specific composition (i.e., monosaccharides) of 

non-cellulosic polysaccharides. Thus with the broad 



encompassing definition of dietary fiber, the ideal method 

would have to be extremely comprehensive and probably 

complex. 

8 

The original crude fiber method, which employed 

sequential hot alkali and hot acid extractions of the food 

material, was found to be limited with respect to monogastric 

animals. It destroyed too many polysaccharides which were 

resistant to intestinal enzymes. 'rhe detergent methods of 

Van Soest brought significant improvement. The acid deter

gent fiber method, which uses l N sulfuric acid and cetyl

trimethylammonium bromide, results in a residue containing 

most of the cellulose and lignin (Van Soest, l963a, 1963b). 

Van Soest's second method, the neutral detergent fiber (NDF) 

method, used a mixture of reagents in a neutral solution 

(Van Soest and Wine, 1967). The detergent was sodium lauryl 

sulfate. This method resulted in the isolation of cell wall 

components. Unfortunately, this method was not accurate for 

high starch or high fat foods, and there was significant 

residual nitrogen· contamination. A modification of the NDF 

method used an amylase incubation to reduce the starch con

tamination in the residue. Baker (1977) developed a buffered 

acid detergent fiber method which used an HCl-KCl system to 

control the pH. This method supposedly gave good reductions 

in protein contamination. 

Another methodological approach has been to use 

various enzymes to digest the material. The earliest . 



methods used malt diastase and takadiastase but these di

gested too much. Williams and Olmsted (1935) used a long 

incubation with pancreatin before treatment with sulfuric 

acid when determining crude fiber. Hellendoorn, Noordhoff, 

and Slagman (1975) used a pepsin-pancreatin digestion which 

included pH changes similar to those occurring physiologic

ally. A papain-amylase method, which was followed by a 

dialysis, was used by Asp et al. (1979) to isolate both 

water soluble and water insoluble dietary fiber. Saunders 

and Hautala (1979a, 1979b) used pronase and pancreatic 

amylase to determine in vitro dietary fiber. 

9 

Southgate (1978) developed an involved multi-step 

fractionation procedure to determine unavailable carbo

hydrates. This isolated primarily plant cell wall materials. 

First, he used alcohol and ether to extract soluble sugars, 

lipids, and pigments. Next, the water soluble poly

saccharides were extracted with hot ammonium oxalate (5%). 

The material was then delignified with chloramine and acetic 

acid. The alkali soluble hemicelluloses were extracted in 

two fractions with 5% and 25% KOH. The final residue was 

the cellulose fraction. The products in each step could be 

analyzed for their monosaccharide constituents, i.e., 

pentoses, hexoses, and uranic acid contents. Selvendran, 

Ring, and DuPont (1979) isolated cell wall materials from 

fruits and vegetables. They used sequential extractions 

with 1% sodium deoxycholate, then phenol/acetic acid/water 
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(2:1:1), followed finally by 90% dimethyl sulfoxide. For 

very starch-rich materials an amyloglucosidase incubation was 

also used. 

Saunders (1978) developed an in vivo method for 

dietary fiber using rats. This value was obtained through 

feeding studies using milling fractions of wheat. He used 

wheat intake and amount of cellulose added, then determined 

metabolic solid excretion. The final calculation was 

digestibility. Values were obtained through calculation and 

actual analysis was not performed. Regression analysis 

produced close correlations between this method and NDF, 

crude fiber, and Saunders' in vitro method. 

Most dietary fiber methods are time consuming and 

require modification for application to large scale analysis. 

Baker, Norris, and Li (1979) developed a rapid method for 

determining fiber content on a large number of samples. 

They used a near-infrared reflectance technique which can be 

automated. NDF values were used to judge accuracy of the 

method. It was admitted that error was introduced by 

variations in particle size, sugar content, and fat content. 

The method required only 5 min so would be acceptable, where 

a trade-off between rapidity and accuracy is adequate. 

Each method has its own intrinsic problems. If 

Southgate's description of the ideal method is the goal, 

then all of the ~ethods are still lacking (Southgate et al., 

1978), Asp et al. (~979) criticized most methods for 



measuring only the water insoluble components and ignoring 

the water soluble components, especially pectins and some 

types of hemicelluloses. Southgate (1979) criticized the 

methods for two reasons. First, various methods tended to 

solubilize some component; e.g., NDF solubillzed detergent 

soluble hemicelluloses, and therefore did not provide 

accurate values for all major components. Second, most 

methods employed determinations based on differences, so 

that the components can not be analyzed for monosaccharide 

constituents. Selvendran et al. (1979) criticized NDF not 

only for loss of water soluble pectins but for its lack of 

ability to completely solubilize starch. They criticized 

11 

Southgate's unavailable carbohydrate fractionation for in

cluding cytoplasmic proteins and starch as unavailable. The 

enzymatic methods were criticized for incomplete cell dis

ruption, as well as pectin losses and losses of acid labile 

glycosidic linkages. The cell wall method was criticized 

because not all dietary fiber comes from the cell walls. 

Hellendoorn (1978) raised questions about the non

physiological methods, i.e., most chemical methods and 

enzymatic methods which used microbial enzymes. The human 

digestive system is not as harsh as the chemical methods and 

its enzymatic activities may not be exactly duplicated by 

the microbial enzymes. Most criticisms centered around the 

loss of pectins and other water soluble polysaccharides. 

These compounds are undigested in the small intestine but 
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are probably digested by microflora in the large intestine; 

thus they should be measured. Other criticisms centered 

around the incomplete removal of starch and protein from the 

fiber residues. Hellendoorn pointed out that organisms vary 

in their enzyme activities and that there are large varia

tions in transit times. This would result in incomplete 

digestion of starch and protein in the small intestine and 

leave these components available to large intestine fermenta

tion. Protein and starch could have a large effect on the 

physiochemical properties of dietary fiber in the small 

intestine. 

As a result of the incompleteness of all present 

methods, two views have developed. One view is that a rapid 

and general method is needed to estimate fiber content by 

the food industry for large scale quality control. The 

method will need to reflect an estimate of the true dietary 

fiber. The second view is that a method is needed for 

specific, detailed, complete analysis of all components of 

dietary fiber. This is needed by researchers so that better 

understanding of the physiological actions can be achieved. 

As technology improves, the methods will improve as well. 

Concerted efforts are now underway to regularize fiber 

methods (Theander and James, 1979). 
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Applications 

For a time, wheat bran was the most popular unrefined 

fiber additive due to its availability and familiarity. As 

different properties have become associated with different 

fiber sources, other products have been introduced as addi-

tives. The traditional refined fiber sources of wood origin, 

i.e., the celluloses, are still used in semipurified diets 

for animal experimentation. They have also been used more 

extensively in consumer products. Pomeranz et al. (1977) 

examined breads made from 7 types of celluloses, oat hulls 

(medium and finely ground), and 5 types of wheat brans. They 

found that the best bread products were obtained from com

mercial celluloses and finely ground wheat bran at 7% of the 

flour. 

Various fiber sources have been extensively examined 

by Zabik and her colleagues. Their primary test material 

was the layer cake. They used both refined and unrefined 

fiber sources. Early work was done with Solka-floc, Avicel, 

carboxymethylcellulose, cellulose coated with pectin, and 

microcrystalline cellulose (Zabik, Shafer, and Kukbrowski, 

1977). All of these resulted in generally good pxoducts. 

Later, unrefined sources, including wheat brans (hard red, 

soft red, and soft white), corn bran, oat bran, and soy bran 

were examined (Shafer and Zabik, 1978). The oat and soy 

bran products were judged not acceptable in sensory evalua

tion. All cakes had fiber source added at 30% replacement 
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of the flour. This group recently used refined products in 

sugar-snap cookies and found that 10% replacement of the 

flour was acceptable in sensory evaluations (Gorczyca and 

Zabik, 1979). 

While it is difficult to know how extensively the 

commercial sector has examined dietary fiber sources, some 

information can be gained from their products. Their use of 

gums, such as carageenan and locust bean, has been primarily 

for enhancement of food properties and not toward increasing 

dietary fiber intakes. Breads have appeared with the addi

tion of microcrystalline cellulose and carboxymethylcellu

lose. There have been additions of wheat bran to breads and 

ready-to-eat cereal products. A new ready-to-eat cereal was 

introduced which has corn bran as its basis. Some long-time 

products have been re-analyzed and found to contain high 

amounts of dietary fiber and this fact has been included in 

the advertising for these products. 

Many new possible dietary fiber sources have been 

examined by scientists but have not been used in commercial 

food applications. Some possible new sources are: almond 

skins and coconut residues (Parrott and Thrall, 1978), corn

cobs and beet pulp (Land and Briggs, 1976), peanut hulls 

(Childs and Abajian, 1976), and Ispahula husk (Prynne and 

Southgate, 1979). 
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Physical Properties 

Along with the work on the chemical composition of 

dietary fiber, there have been investigations into the 

physical properties. These properties are dependent on the 

state of maturity and location (root, stern, leaf) of the 

plant part. One major obstacle in understanding the proper

ties has been the variable methods of preparation of samples. 

All drying methods introduced variations. Some of the drying 

methods were freeze-drying, acetone-washing, and forced air 

warm oven drying (Eastwood and Mitchell, 1976). The fiber 

sources have been subjected to grinding with a Wiley mill, 

wet~ball milling, and blenderization followed by freeze

thawing (Selvendran et al., 1979; Eastwood and Mitchell, 

1976) . 

It is necessary to isolate the dietary fiber from 

some of the starch and fat, which might lead to errors in 

determining physical properties. Parrott and Thrall (1978) 

used the crude fiber method to isolate fiber residues from 

various brans and refined fiber sources. Their results were 

suspect as crude fiber results in a cellulose-lignin residue 

which is not representative of dietary fiber. Rasper (1979) 

used the in vitro method of Saunders and Hautala (1979a), 

which used an enzyme system to obtain fiber residues from 

cereal fiber sources. McConnell, Eastwood, and Mitchell 

(1974) used acetone on fruits and vegetables to produce a 

residue powder. 
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The physical properties that are important in 

dietary fiber analyses are: particle size, swelling, water 

holding capacity, and cation exchange capacity. Temperature 

effects on particle shape and size have also been examined 

(Parrott and Thrall, 1978). Particle size has been investi

gated primarily by sieving samples of the fiber residues in 

a series of varying mesh size screens. Refined products 

tended to be fine and uniform (Parrott and Thrall, 1978). 

Particle size separation did not affect cellulose content of 

wheat bran but did decrease the hemicellulose content when 

determined by NDF (Heller, Rivers, and Hackler, 1977). It 

also decreased the hemicellulose content of peanut hulls. 

The vJater holding capacity (WHC) of various fiber 

residues has been determined by several investigators. The 

method involved hydrating driecl fiber residue for a long 

period of time and then centrifuging it to separate the free 

water from the bound water. WHC is influenced by pH and 

ionic strength, although the variation is not the same for 

all fiber sources (Parrott and Thrall, 1978). McConnell et 

al (1974) showed bran had a WHC of 3.0 gm water per gm of 

dried fiber residue and WHC values for fruits and vegetables 

ranged from 1.5 to 23.7 gm water per gm dried residue. This 

high upper range resulted from the large water composition 

of some of the vegetables in the natural state. When water 

content was considered, bran had the highest WHC. Parrott 

and Thrall (1978) found the AACC certified bran had a 
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WHC of 5.7 gm water per gm fiber residue. Rasper (1979) 

found wheat brans had WHC values around 6.5 gm water per gm 

fiber residue. The WHC for corn bran, rice bran, and soy-

bean hulls were 3.5, 6.5, and 7.4 gm water per gm residue, 

respectively. Oat hulls had a WHC of 2.6 gm water per gm 

residue. 

The other physical property which has received much 

investigative attention is cation exchange capacity (CEC). 

This was determined by converting the fiber residue to the 

H+ form by HCl treatment, then releasing the H+ by addition 

of NaCl, and finally titrating the free H+ with NaOH 

(Helfferich, 1969). McConnell et al. (1974) determined CEC 

values for fruits and vegetables which ranged from 0.3 to 

+ 3.1 meq H per gm fiber residue. Rasper (1979) found wheat 

brans had CEC values ranging from 0.16 to 0.14, oat hulls 

were 0.06, and soybean hulls were 0.46 meq H+ per gm fiber 

residue. The residue had been prepared enzymatically. Both 

McConnell et al. (1974) and Rasper (1979) performed titra-

tions along with the CEC determinations. They determined 

the type of cation exchanger and strength of the exchanger 

from the titration curves. McConnell et al. (1974) found 

that most fruit and vegetable residues were weak mono-

functional exchangers with a few (including wheat bran) 

which were polyfunctional exchanger$. Rasper (1979) found 

polyfunctional behavior in wheat bran, corn bran, soy bran, 

and rice bran. These fiber sources varied in their strength 
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of CEC. Soy bran's high CEC value was attributed to its 

high uronic acid content. The type of preparation affected 

the shape of the titration curves for corn bran and soybean 

hull, but not oat hulls. This pointed up the necessity for 

uniform treatments in order to compare results from experi

ment to experiment. 

Dietary fiber absorbs organic molecules including 

bile acids (Eastwood and Mitchell, 1976). Unconjugated bile 

acids were bound in the large intestine which prevented the 

resorption that normally recycles much of the bi'le acid pool. 

This may be important in cholesterol metabolism. Dietary 

fiber may also absorb drugs and/or their metabolites (Rubio 

et al., 1979). It has been postulated that fiber can bind 

possible carcinogenic agents and reduce the incidence of 

colon cancer. These factors should be considered when drugs 

are administered therapeutically. 

By virtue of its structural matrix, dietary fiber 

allows for the formation of microenvironments within the 

lumen (Eastwood and Mitchell, 1976). This matrix has several 

effects on the physiological action of fiber in the gut. 

First, the matrix can inhibit diffusion of digestion products 

toward the intestinal wall. Second, the microenvironments 

can have pH levels which may not be optimal for intestinal 

enzymes and thus inhibit digestion. And third, the matrix 

may influence where and how intestinal bacteria attack the 

matrix. As Hellendoorn (1978) pointed out, the fiber may 
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change transit times, reducing the amount of material 

digested in the small intestine, while providing more sub

strate for colonic bacteria, which ultimately may lead to 

gastric distress. Nhen wheat bran was added to the diets of 

elderly women, there was an increase in intestinal hydrogen 

gas causing discomfort (Meyer and Calloway, 1977). The 

microflora of the intestine appear to change with diet, so 

some adaptation may occur. James, Branch, and Southgate 

(1978) suggested that calcium bound to uronic acids in the 

small intestine might be freed in the large intestine by 

bacterial action and thus be available for colonic absorp

tion. They concluded that the calcium status would depend 

on the extent of adaptive colonic absorption. 

As stated previously, the matrix of dietary fiber 

influences the manner and the amount of attack by enzymes and 

bacteria. The various components are digested to differing 

amounts. Prynne and Southgate (1979) found that Ispahula 

husk fiber was 70-80% digestible by humans with the pentoses 

being the least digestible. Holloway, Tasman-Jones, and Lee 

(1978) determined that lignin was undigested and hemi

cellulose was 96% digested. When fed in purified forms to 

adolescent boys, pectin was completely digested (or changed 

to an undetectable metabolite), 45-46% of the cellulose 

disappeared, and 76-90% of the hemicellulose (Fetzer, Kies, 

and Fox, 1979). Scanning electron micrographs arP. a very 

useful technique for examining fiber sources before and 
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after digestion. Dintzis, Legg, and Deatherage (1979) 

examined wheat bran, corn bran·/ and soy hull bran. Corn 

bran was 90% recovered and the SEM showed very little change 

in morphology. This lack of attack was interesting as corn 

bran was 70% hemicellulose and Fetzer et al. (1979) found 

hemicellulose was digested to a large degree. Perhaps the 

other components of corn bran kept the hemicellulose resistant 

to digestion. The SEM of the soy hull bran showed attack 

on the smaller particles but the larger particles were more 

resistant. The wheat bran was greatly changed with the 

endosperm and aleurone layers digested. This was accom

panied by curling and flaking of the particle. Further work 

is required employing the SEM in order to understand the 

actions of digestion upon dietary fiber. 

Effects on Minerals 

Dietary fibers have cation exchange capacities on 

the magnitude of some ion exchange resins. 'rhus dietary 

fiber may influence mineral availability to the organisms. 

The degree of influence has not been established as yet. 

Phytic acid is a plant compound which is often found in the 

same milling fractions as most dietary fiber sources. 

Phytic acid can act as an excellent chelator of cations. 

The amount of influence each one, dietary fiber and phytic 

acid, has on mineral availability has been difficult to 

ascertain due to their close association. l'llhat follows is a 
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chronological review of the problem so a better perspective 

can be achieved. 

In 1942, McCance and Widdowson fed healthy adults 

diets which included white bread (69% extraction flour) and 

brown bread (96% extraction flour). They found that calcium 

and magnesium were not absorbed as well from the brown bread 

as from the white bread and that vitamin D did not improve 

the calcium absorption from the brown bread. When sodium 

phytate was added to the white bread the mineral absorption 

was depressed. Walker, Fox, and Irving (1948) fed phytate

rich bread to human subjects and found magnesium and calcium 

retentions were negative but then improved, suggesting 

possible adaptation to lowered calcium absorption. They 

found no effect of phytate-rich bread on iron retention. 

Phytate remained able to reduce calcium absorption even with 

high vitamin Din the diet (Melanby, 1949). Roberts and 

Yudkin {_1960) suggested that dietary phytic acid could cause 

magnesium deficiency after rats fed 1 to 10% phytate showed 

deficiency symptoms. 

Cowan et al. (1966) found phytate had no effect on 

iron :1bsorption when measured by hemoglobin regeneration. 

The iron in whole wheat and wheat bran was as available as 

ferrous ammonium sulfate, but iron was less available from 

white bread plus ferrous sulfate (Morris and Green, 1972). 

Rats fed low fiber bread, containing various levels of 

purified phytate (45 to 540 mg phytate/100 gm bread), showed 
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no change in iron availability (Ranhorta, Loewe, and Puyat, 

1974). Bread made with wheat bran, which supplied the 

phytic acid, decreased iron absorption by one-third when 

bran was incorporated at 10% of the flour (Bjorn-Rasmussen, 

1974). This may have resulted from differential absorption 

of heme-iron versus nonheme-iron. Welch and Van Campen 

(1975) concluded that iron availability from mature soybeans 

was not directly correlated to phytate content. Morris and 

Ellis (1976) isolated monoferric phytate from wheat bran. 

They showed that the iron in monoferric phytate was avail

able to rats and have suggested monoferric phytate as a 

possible vehicle of iron supplementation in breads. Rats 

fed non-purified diets, where 50% of the diet was bread (en

riched white, whole wheat, or unyeasted whole wheat) and 

phytic acid was added via soybeans, showed adequate ability 

to util1ze iron for hemoglobin synthesis from all diets 

(Liebman and Driskell, 1979). It was concluded that 

naturally occurring phytate did not affect iron availability 

when measured by hemoglobin repletion. 

While iron absorption has not been greatly influenced 

by phytate in the diet, zinc metabolism has shown alterations. 

Zinc availability from isolated proteins and protein~phytate 

complexes was determined by growth response (O'Dell and 

Savage, 1960). The order of zinc availability was (least to 

most) soy protein-phytate, isolated soy bean protein, 

casein-phytate complex, and untreated casein. \ihen casein 



and soybean diets were fed to swine, the soybean diets 

produced worse parakeratosis symptoms (Oberleas, Muhrer, 

and O'Dell, 1962). 
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Prasad (1976) has outlined the history of the work 

with zinc deficient boys in the Middle E~st. Definite zinc 

deficiency was established in 1969. It was suggested that 

some dietary factor was inhibiting zinc absorption as the 

zinc content of the usual diet was adequate. Ter-Sarkissian 

et al. (1974) analyzed various Iranian breads for phytic 

acid. Rural village breads contained 525-650 mg phytate per 

100 gm bread, while urban breads ranged from 209 to 329 mg 

phytate per 100 gm bread. Osteomalacia in a Bedouin woman, 

who consumed unleavened bread, was blamed on phytic acid 

(Berlyne et al., 1973). Reinhold et al. (1973) fed young 

men purified phytate and phytate-rich bread (unleavened whole 

meal,wheat bread). The purified phytate caused increased 

fecal zinc loss, but had mixed effects on fecal calcium 

excretion. While on the bread, the men had negative zinc 

and calcium balances but plasma zinc which fell at first, 

later rose to normal levels. They concluded that phytic 

acid interfered with zinc metabolism. 

Addition of sodium phytate to purified diets caused 

reduced carcass levels of zinc, copper, iron, and manganese 

in rats (Davies and Nightingale, 1975). Reinhold et al. 

(1974) found whole meal wheat breads reduced zinc avail

ability in isolated rat gut loops. When peas were used as 



the zinc source for zinc depleted rats, mature seeds gave 

lower absorptions than immature seeds but this was not 

directly correlated to phytate concentrations in the peas 

(Welch, House, and Allaway, 1974). 

In 1975, Reinhold et al. broke the phytate tradi-

tion. They ex.amined zinc binding to wheat breads, wheat 
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brans, and cellulose. They found zinc bound to all breads, 

including white bread. \vheat starch bound 80% and gliadin 

(a wheat protein) bound 90% of the available zinc. Bran and 

unleavened breads were dephytinized with HCl or phytase. 

When bran was dephytinized, there was an increased affinity 

for zinc. Pancreatin digestion reduced the ability of white 

bread to bind zinc. They also iound that cellulose bound 

zinc although to a lesser extent than whole wheat meal. They 

concluded that the binding of zinc by white and dephytinized 

breads was due to the fiber content of the breads and not 

strictly to the phytate contents, as previously believed. 

In a feeding study with two men, increased fecal excretion 

of calcium, magnesium, phosphorus, and zinc was well corre

lated to increased fecal fiber (Reinhold et al., 1976). 

When purified cellulose was added to diets (one with white 

bread and one with 80% extraction flour bread), zinc 

balances became negative on both diets (Ismail-Beigi, 

Reinhold, et al., 1977). Again, there was significant 

correlation o£ fecal fiber to zinc excretion. Zinc was 

found to bind to Sephadex and several cellulose products 
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especially carboxymethylcellulose (Ismail-Beigi, Faradji, 

and Reinhold, 1977). It also bound significantly to washed 

wheat bran, two hemicellulose fractions, and to lignin. 

There was a larger percentage bound to dephytinized tanok 

(whole wheat bread) than to regular tanok. This in vitro 

work helped to substantiate Reinhold's earlier claims about 

the binding of zinc to fiber contributing to zinc de

ficiencies. 

The controversy over the relative contributions of 

phytate and dietary fiber to mineral deficiency continued. 

Davies, Hristic, and Flett (1977) examined the effects of 

wheat br~n, extracted bran fiber, and phytate on zinc 

availability to rats. The extracted bran was lower in 

phytic acid than the wheat bran. Growth rates were lower on 

wheat bran and phytic acid than on the extracted bran fiber. 

Gains on the extracted bran fiber were not significantly 

different from the controls. Pectin did not affect weight 

gains either. Davies conceded that their fiber to calorie 

ratio was not as high as Reinhold had used. Davies con

cluded that phytate could account for all of the reduction 

in zinc absorption, whereas fiber couLi not. The research 

on the contribution of phytic acid to mineral deficiencies 

will continue. 

In a short communication, Branch, Southgate, and 

James (1975) suggested a relation between calcium binding 

and uronic acid content. This was expanded in 1978 (James 



et al., 1978). They used 29 low phytate fiber sources and 

fractionated them using Southgate's method. Uronic acids 

bound 0.31 mmoles of calcium per mole of uronic acids. 

Uronic acid content correlated significantly to calcium 

bound (r = 0.79) but non-cellulosic pentoses, hexoses, and 

cellulose did not correlate well to calcium binding (r = 

0.003, 0.37, and 0.34, respectively). The average Western 

diet, containing 17.2 gm fiber, would have enough uronic 

acids to bind much of the calcium in the diet. Since the 

uronic acids can be digested by colonic bacteria, calcium 

status would be dependent upon the adaptation to colonic 
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calcium absorption. The degree of esterification of uronic 

acids determined the amount of calcium bound to pectin 

(Furda, 1979). As esterification decreased, the strength of 

binding of calcium to pectinate increased. Cummings et al. 

(1979) found no change in fiber excretion when pectin was 

added to the diet. There was also no increase in calcium 

excretion. Isolated hemicellulose caused greater fecal zinc, 

copper, and magnesium excretion than did pectin or cellulose 

(Drews et al., 1979). Graded levels of hemicellulose (4.2, 

14.2, 24.2 gm/day) resulted in negative zinc balance only at 

the highest level but zinc serum levels were not affected 

(Kies, Fox, and Beshgetoor, 1979). 

Sandstead et al. (1978) fed subjects breads con-

taining either certified wheat bran or corn bran. The sub-

jects had no change in iron balance, copper balance became 
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more positive with both fibers, while zinc balance was more 

negative with wheat bran but not significantly different ; 

from the controls. Fruit and vegetable sources of dietary 

fiber were fed to human subjects and examined for their 

effects on calcium, magnesium, iron, zinc, and copper 

(Kelsey, Behell, and Prather, 1979; Kelsey, Jacob, and 

Prather, 1979). The diets were free from any phytic acid. 

The low fiber diet had an NDF of 4.6% while the high fiber 

diet was 23.8% NDF. Calcium, magnesium, zinc, and copper 

balances were negative on the high fiber diet. 

was not significantly affected. 

Iron balance 

Several rat experiments were reported during 1979. 

Weingartner et al. (1979) fed rats diets based on whole or 

dehulled soybean flour. Host of the zinc was supplied by 

the flour except for the highest level of 62 ppm, where 50 

ppm zinc carbonate was added. The zinc from the whole soy

bean flour was as well utilized as that of the dehulled 

flour. They concluded that hulls did not affect zinc hie

availability. Unfortunately, the difference in dietary 

fiber between the two diets was only 2%. Tsai and Lei (1979) 

found that added cellulose did not affect zinc, copper, or 

iron levels in livers, tibias, or testes but did lower serum 

zinc. They suggested that dietary fiber may play a role in 

copper-zinc interactions by sequestering zinc and allowing 

greater copper absorption. Miller (1979) used hemoglobin 

repletion to measure iron bioavailability in diets to which 
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various wheat products had been added. The iron was 

supplied as the inorganic salt, ferrous sulfate. No sig

nificant differences were caused by the wheat products. 

Similarly, Ranhorta, Lee, and Gelroth (l979a) used purified 

cellulose and microcrystalline cellulose in breads and looked 

at their effect on hemoglobin repletion. They used fiber 

levels of 10, 20, and 30% in the bread. None of the cellu

lose breads reduced iron availability. Ranhorta, Lee, and 

Gelroth (l979b) also examined availability of zinc from 

cookies made with soy products. Soy flour, soy concentrate, 

and soy protein isolate were added to the diets. There were 

no significant differences in growth rate or serum zinc but 

femur zinc was significantly lower on the soy product diets. 

The soy protein isolate consistently resulted in lower zinc 

levels than did the soy flour or concentrate. 

Effects on Chickens 

Lang and Briggs (1976) reviewed the use of fiber in 

the diets of monogastric animals, including the chicken. The 

general consensus was that increasing fiber content of the 

diet resulted in increased feed intakes. Whether or not 

fiber stimulated growth was not clear. The use of chemically 

defined liquid diets has shown the nonessentiality of dietary 

fiber to the chicken. Increased feed intakes have resulted 

from increased fiber content when pine shavings, oat hulls, 

rice hulls, cellulose, and wheat bran were included in the 
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diet (Deaton, Kubena, and Reece, 1976; Hill and Dansky, 

1954; Waldroup, Bussell, and Johnson, 1976; Dvorak and Bray, 

1978; Hedge et al., 1978). Growth rates were depressed when 

cellulose and wheat straw were added to the diets (Dvorak 

and Bray, 1978; Bayer, Hoover, and Muir, 1978; Kondra, Sell, 

and Guenter, 1974). Addition of ground rice hulls, oat 

hulls, and pine shavings did not influence body weight gains 

at all. When wheat bran was fed at 10% of the diet, there 

was an increase in growth (Hedge et al., 1978). Fahey (1978) 

found that Masonex, a wood hemicellulose extract, stimulated 

growth when fed at 5%. The Masonex was dialyzed to separate 
~. 

both a low molecular weight and a high molecular weight com-

pound. Only the low molecular weight component stimulated 

feed intakes but it did not result in significantly higher 

body wei9hts. 

As fiber content increases, the nutrient density of 

a diet decreases. When fed ad libitum, birds consumed more 

of the higher fiber diets to make up for the lower nutrient 

densities (Waldrup et al., 1976). There was a reduction of 

dry matter content in the cecum as fiber content increased 

(Bayer et al., 1978). Another study showed that cellulose 

addition lowered the utilization of the basal portion of the 

diet (Dvorak and Bray, 1978). There were two contributing 

factors to the reduction in body weight gains. First, the 

transit time through the cecum may be shortened when fiber 

is added to the diet, Second, the walls of the intestine 
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may be distended so that the nutrients, diluted by fiber 

addition, are not close to the intestinal wall for absorp-

tion. The chicken can adapt to greater feed intakes either 

by distention of the tract or increasing the size of the 

organs (Dvorak and Bray, 1978; Kandra et al., 1974; Deaton 

et al., 1976). Inclusion of wheat bran did not increase the 

renewal rate of epithelial cells in the birds' intestines, 

which seemed to support the distention possibility (Rolls, 

Turvey, and Coates, 1978). Two studies, one using oat hulls 

and the other pine shavings, shmved that while body weights 

did not change, the body composition changed, in that body 

fat decreased (Deaton et al., 1976; Hill and Dansky, 1954). 

There is still much research to be done on the in vivo 

effects of dietary fibers in all monogastrics, including the 

chicken. 

Purpose of the Investigation 

In order to understand the physiological actions of 

dietary fibers, it is necessary to examine in detail the 

various physiochemical properties of the fibers. Due to the 

wide variety of sources in use in food products and the 

diversity of their properties, many fiber sources must be 

examined as opposed to just a single fiber source. Also more 

cases of marginal trace mineral intakes are being documented, 

therefore dietary factors which may limit mineral absorption 

should be identified. The purpose of this investigation was 



to examine the binding of copper, zinc, and iron to six 

different dietary fiber sources and to delineate some 

factors which influence that binding. 
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CHAPTER 2 

INFLUENCE OF pH ON RELEASE OF COPPER, ZINC, AND IRON 

Introduction 

The physiologicar actions of dietary fiber are 

functions of the physicochemical properties of the fiber. 

The physicochemical properties are, in turn, related to the 

composition of the fiber, i.e., the relative amounts of 

cellulose, lignins, hemicelluloses, and pectins. The 

specific composition of each group, for example, the degree 

of esterification of the uronic acids in the pectins, also 

affects the properties. Some properties which need 

investigation are: intrinsic particle size, water holding 

capacity, hydrated volume expansion (or swelling), filtra

tion properties, and cation exchange capacity (CEC) (Parrott 

and Thrall, 1978; Eastwood and Mitchell, 1976), Parrott 

and Thrall (1978) examined a wide range of cellulose 

products, brans, and unconventional fiber sources, such as 

almond skins and coconut husks. McConnell et al, (1974) 

investigated twenty-six different fruits and vegetables as 

fiber sources. They determined water holding capacity and 

CEC. 

One possible detrimental effect of high dietary 

fiber intakes is its capacity to interfere with mineral 

32 
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absorption. Stiles (1976) suggested that the following 

properties of dietary fiber may affect mineral absorption: 

(1) capability to change oxidation/reduction potential 

and/or pH of the gut; (2) ability to act as a bulking agent 

to dilute nutrient density; (3) ability to alter transit 

time; and finally (4) the cation exchange capacity. 

McConnell et al. (1974) attempted to correlate CEC in 

fruits and vegetables to their lignin and acid detergent 

fiber content~, but this resulted in poor correlations. 

They also correlated CEC to water holding capacity and 

obtained a good positive correlation (r = 0.64). From 

this, they suggested some connection between these two 

physicochemical properties. Rasper (1979) examined several 

dietary fiber sources of cereal origin. He analyzed for 

acid detergent fiber (ADF), buffered acid detergent fiber 

(BADF), neutral detergent fiber (NDF), ''in vitro fiber," 

cellulose, lignin, and various constituents of hot water 

solubles and hemicelluloses. He attempted to correlate bulk 

density, swelling, water absorption, and CEC to each other 

and to the specific constituents. Hexose-yielding poly

saccharides correlated closely to CEC, but CEC did not 

correlate strongly with any of the physical properties 

(e.g., bulk density). 

The cation exchange capacity of a material is 

greatly affected by the pH of the environment (Helfferich, 

1962; Peterson, 1975). Physiologically, dietary fiber is 
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subjected to dramatic changes in pH as food moves through 

the acidic stomach, pH of 1.0, to the near neutral lumen of 

the intestine, pH 6.8-7.2 (Harper, 1975; Sturkie, 1965). 

Since CEC is one of the physicochemical properties affecting 

mineral availability, the ability of dietary fiber sources 

to retain cations as a function of pH was examined. 

The dietary fiber sources used in this experiment 

were of commercially available, cereal and legume origin. 

The variety was important, as a wide range of dietary fiber 

sources have already been evaluated as supplements to 

cookies, breads, and layer cakes (Zabik et al., 1977; 

Shafer and Zabik, 1978; Pomeranz et al., 1977). 

Materials and Methods 

Fiber Sources 

Six fiber sources were obtained from commercial 

suppliers, as follows: wheat bran, Gooch Milling and 

Elevator Co. (Lincoln, Neb.); corn bran, Tabor Milling Co. 

(North Kansas City, Mo.); rice bran, Riviana Foods, Inc. 

(Houston, Texas); soy bran, ADM Co. (Decatur, Ill.); oat 

hulls, National Oat Co. (Cedar Rapids, Iowa); and cellulose, 

ICN Pharmaceuticals, Inc. (Cleveland, Ohio). 

Routine Analyses 

The fiber sources were analyzed for protein (micro 

Kjeldahl), fat (hexane extraction), moisture, and ash using 
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AOAC standard methods (AOAC, 1970). Total carbohydrate 

content was determined by difference [100 - (protein + fat + 

moisture+ ash)]. Acid detergent fiber (ADF) and neutral 

detergent fiber (NDF) were determined using the methods of 

Van Soest (1963b) (see Appendix A for details of NDF 

procedure) but without the amylase modification in the 

neutral detergent procedure. The phytic acid content of 

the fiber sources was determined using a modified ion

exchange procedure (Harland and Oberleas, 1977). The 

enzymatic indigestible residue (EIR) content was determined 

using a pepsin-pancreatin digestion (Hellendoorn et al., 

1975) (see Appendix B for details of EIR procedure). 

Incubation Procedure 

The fiber sources were used in their original form 

as they came from the supplier. Duplicate samples were run 

for each treatment. There were three treatQents consisting 

of different pH regimes, as follows: (l) 0.2 N HCl, pH 0.65; 

(2) 0.1 M sodium phosphate buffer, pH 6.8; and (3) 0.2 N HCl, 

neutralization with 1 N NaOH, then 0.1 M sodium phosphate 

buffer pH 6.8. 

Treatments l and 2. Samples of 5.0 g were accurately 

weighed into 250 ml polyethylene centrifuge bottles. To each 

bottle, 100 ml of the appropriate solution, either #1--

0.2 N NCl or #2--0.1 M phosphate buffer, were added and the 

bottles were swirled to insure complete wetting of the 



sample. The bottles were placed in a water bath-shaker at 

40°C for the incubation period. 
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Treatment 3. Again, 5.0 g samples were weighed into 

250 ml centrifuge bottles. To each bottle 100 ml of 0.2 N 

HCl were added and the bottles were incubated. Then the 

solutions were neutralized to near pH 7.0, w~th 1 N NaOH. 

An additional 100 ml of 0.1 M phosphate buffer pH 6.8 were 

added to each and they were incubated again. 

Three incubation periods were used: 10, 30, and 

120 min. Therefore each fiber source had a total of six 

separate incubations in each treatment. 

At the end of the incubation periods, the bottles 

were removed from the shaker-water bath and centrifuged for 

15 min at 4500 rpm in a Sorvall centrifuge with a GSA rotor. 

After centrifugation, aliguots of the supernatants were 

saved in snap-cap acid-washed vials and the rest of the 

supernatants were decanted off the pellets. The residue 

pellets were transferred to acid-washed vials and dried 

overnight at 45°C in a vacuum oven. The supernatant samples 

were held under refrigeration. 

Mineral Determinations 

Copper, zinc, and iron contents of the supernatants 

and residues were determined via flame atomic absorption 

(for details of dry ash procedure see Appendix C). The 

supernatants were warmed to ambient temperature and 
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aspirated directly from the vials. The residues were 

accurately weighed into acid-washed Vycor 250 ml beakers. 

The beakers were placed in a muffle furnace (Thermo Electric 

Mfg. Co.) and ashed for 1 hr at 200°C, then overnight at 

450°C. The beakers were removed after cooling and 10 ml 

concentrated nitric acid was added to each of them. The 

acid was evaporated over a hot plate and the beakers were 

returned to the muffle furnace for a second ashing, at 

450°C. After cooling, the beakers were removed from the 

furnace and the ash was dissolved in a small amount (1-2 ml) 

of 6 N HCl. The solutions were transferred to acid-washed 

10 ml volumetric flasks. The beakers were rinsed with 5% 

HCl and the rinses were transferred to the flasks. The 

5% HCl was used to bring all solutions to final volume. 

The solutions were transferred to acid washed vials and 

then aspirated from the vials into the flame atomic 

absorption spectrophotometer (Perkin-Elmer 403). For 

determination of zinc and iron concentrations, it was 

necessary to dilute the samples to attain a proper level 

for the detection range. These dilutions were made with 

5% HCl. Samples of the sources in their original form were 

used to determine the endogenous copper, zinc, and iron 

concentrations following the above ashing procedure. 

Mineral content was determined in parts per million (ppm) 

by multiplying the concentration of the diluted sample by 



the dilution factor and then dividing by the grams of 

material ashed. 

Statistical Analysis 

The residue and supernatant mineral levels were 

transformed to a per cent of endogenous mineral content 
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for statistical analysis. The Statistical Package for the_ 

Social Sciences (SPSS) was used for analysis of variance and 

Pearson 1 s correlations (Nie et al., 1975). The correlations 

compared compositional factors (pro~ein, fiber contents, 

phytic acid, etc.) to residue mineral levels. 

Results 

The results of the proximate analysis on the fiber 

sources are given in Table 1. Rice bran had the highest 

amounts of protein and ash. The cellulose showed little 

contamination from protein or minerals. ~able 2 contains 

the data for the determinations of ADF, NDF, hemicellulose, 

EIR, and phytic acid. Corn bran had the highest hemicel

lulose content. Rice bran had low values for all the fiber 

determinations but had the highest phytic acid content. 

The endogenous mineral contents of the fiber sources 

are shown in Table 3. These were determined on the material 

in its original form. There was a large variation of 

mineral concentration between the fiber sources. Copper 

concentrations ranged from 2.2 to 17.0 ppm. Zinc concentra-

tions ranged from 1.8 to 106.3 ppm, while iron levels ranged 



Table 1. Proximate analysis of dietary fiber sources (as 
%on dry weight basis). 

Fiber Source Protein a Fat Carbohydrateb Moisture 

\'l'hea t bran 19.3 3.8 69.3 7.9 

Corn bran 11.8 5.6 80.4 8.8 

Soy bran 18.5 3.9 71.4 6.5 

Oat hulls 4.6 0.5 87.3 5.0 
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Ash 

7.6 

2.2 

6.2 

7.6 

Rice bran 21.4 2.6 62.2 5.3 13.7 

Cellulose 0.0 0.1 99.7 4. 3 0.2 

aProtein Nitrogen X 6.25. 

b 
100 (Protein + Ash). Carbohydrate = - + Fat 



Table 2. Fiber and phytic acid content of dietary fiber 
sources (as% on wet basis). 
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Fiber Source NDFa ADFb Hemicellulose c EIRd Phytic Acid 

\meat bran 52.0 15.5 36.5 52.0 3.5 

Corn bran 68.5 6.0 62.5 61.0 1.3 

Soy bran 50.8 38.1 12.7 62.0 0.7 

Oat hulls 80.1 42.1 38.0 87.0 0.2 

Rice bran 34.0 10.0 24.0 36.0 7.7 

Cellulose 93.8 76.9 16.9 100,0 o.o 

aNDF neutral detergent fiber. 

bADF acid detergent fiber. 

cNDF-ADF = Eemicellulose. 

dEIR = enzymatic indigestible residue, 
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Table 3. Endogenous mineral content of dietary fiber 
sources (ppm). 

Fiber Source Copper Zinc Iron 

1\Theat bran 15.3 ± 0.68a 106.3 ± 1.13 160.8 ± 3.06 

Corn bran 3.9 ± 0.30 38.7 ± 1. 31 73,8 ± 2.09 

Soy bran 9.0 ± 0.72 46.6 ± 2.17 395.6 ± 6.35 

Oat hulls 17.0 ± 3.42 31.8 ± 5.28 176.0 ± 4,01 

Rice bran 7.8 ± 0.96 81.8 ± 6.29 132.8 ± 4.93 

Cellulose 2.2 ± 0.43 1.8 ± 0,24 114.3 ± 6.26 

aMean values for 6 replicates ± standard deviation, 



from 73.8 to 395.6 ppm, When the data were analyzed this 

large intrinsic variation was eliminated by analyzing data 

transformed to a percentage of the endogenous mineral 

contents. 
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The bargraphs in Figures 1, 2, and 3 represent the 

mean copper, zinc, and iron concentrations (respectively) 

of the post-incubation residues (detailed data in Appendix 

D). The data for the supernatants were reciprocal to those 

for the residues, therefore the supernatant data were not 

statistically analyzed in order to minimize duplication. 

Most of the minerals were released during the pH 0,65 

incubation, while during the pH 6.8 incubation, most of the 

minerals remained in the fiber sources. After the 

sequential treatment, the amounts of minerals still in the 

residues were similar to the levels present after the 

pH 6.8 treatment. 

Analysis of variance showed fiber and pH treatment 

significantly affected the residual levels of minerals. 

Length of incubation was not significant for copper and 

iron. All two-way interactions between fiber and pH were 

significant. The relative amounts of each mineral remaining 

in the residues after the sequential treatment were as 

follows (lowest to highest): (1) for copper, soy bran-oat 

hulls < wheat bran-rice bran < corn bran; (2) for zinc, 

soy bran-corn bran < oat hulls < wheat bran-rice bran; and 
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(3) for iron, oat hulls < corn bran < soy bran < wheat bran

cellulose < rice bran. 

Table 4 contains the Pearson's correlation coeffi

cients and their significances for the correlations of 

residual minerals with physical characteristics. There were 

no significant correlations between the physical components 

and copper or iron. Zinc correlated positively with protein 

and phytic acid and correlated negatively with NDF and EIR. 

Levels of ADF and hemicellulose did not correlate with the 

residual zinc contents of the fiber sources. 

Discussion 

The proximate analysis results (Table 1) for the 

dietary fiber sources were similar to those found by other 

investigators and the commercial suppliers. The moisture 

data were lower for these samples than the commercial 

analysis, which may have resulted from the drier climate in 

Arizona. The commercial analysis of rice bran for protein 

was 20%, while this value was 21.5%. Baker (1977) found 

wheat bran had 16.3% protein, but the commercial analysis 

on a dry weight basis was 19.5% protein and this analysis 

on a dry weight basis showed 19.3% protein. The results 

for the determinations of various types of fiber (Table 2) 

were also similar to the findings of other laboratories. 

For the EIR, Hellendoorn et al. (1975) found wheat bran 

gave 56%; Honig and Rackes' (1978) value was 52%, and 
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Table 4. Pearson's correlations for sequential treatment of 
residual mineral contents versus composition. 

Component Copper Zinc Iron 

Protein -.267 (.304)a .765 (. 038) .531 (.139) 

.223 (.335) -.778 (.034) -.500 (.156) 

.041 (.469) -.663 (.076). ,084 (. 437) 

Hemicellulose .207 (.347) .043 (.468) -.724 (,052) 

.266 (. 305) -.803 (.027) -.292 (.287) 

Phytic acid -.195 (.356) .847 (.017) ,082 (. 439) 

aFirst value is correlation coefficient, Value in 
parentheses is the significance of the correlation. 

cADF 

dEIR 

neutral detergent fiber. 

acid detergent fiber. 

enzymatic indigestible residue. 
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Saunders' (1978) enzymatic method resulted in 52.4% 

indigestible residue. Honig and Rackis' (1978) values from 

an EIR method for corn bran and soybean hulls were 97 and 

86% respectively. These were higher than the values in 

Table 2 which were 61% for corn bran and 62% for soy bran. 

These discrepancies may be due to source and methodology 

differences. Neutral detergent fiber values for wheat bran 

include 38% (Baker et al., 1979), 49.6% (Saunders and 

Hautala, 1979), and 47% (Van Soest and Wine, 1967). The 

52% value in Table 2 is probably high as the starch

hydrolyzing amylase modification was not employed and the 

residue gave a strong starch reaction with iodine. Values 

for the different fiber sources will vary from investigator 

to investigator as the origin of the materials is different. 

The endogenous mineral contents (Table 3) reflected 

the large variation between fiber sources. The refined 

cellulose had low levels of copper and zinc but the iron 

value, 114 ppm, was much higher than expected. It was 

higher than corn bran, 73.8 ppm. The other unexpected value 

was the iron content of the soy bran, 395 ppm, which was 

more than twice the level of iron in any other source. The 

intrinsic variation of mineral content between the fiber 

sources would have led to a biased major fiber effect in 

the statistical analysis. Therefore, the data were 

transformed to a percentage of the endogenous mineral 

content before statistical analysis. 
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Figures 1, 2, and 3 represent the copper, zinc, and 

iron content of the residues after incubation. All three 

show that the minerals were released to some degree during 

the acidic (pH 0.65) treatment, and that smaller amounts of 

minerals were released during the near neutral (pH 6.8) 

treatment. After the sequential treatment, the minerals 

left in the residues were similar to the levels after the 

pH 6.8 treatment. This suggested that the minerals were 

released during the acidic phase and then were rebound to 

the fiber sources upon neutralization. If endogenous 

minerals are released and rebound under pH conditions similar 

to physiological conditions, then it is possible that other 

minerals in the diet could be bound to the fiber as well. 

In the sequential treatment, the three minerals were 

bound differently to the various fiber sources. The low 

levels of copper and zinc in the cellulose led to a large 

magnitude of error and therefore were not included in the 

statistical analysis. The high iron content of cellulose, 

both in original form and in the residues was unexpected. 

Ranhorta et al. (l979a) showed that cellulose addition to 

bread did not reduce iron bioavailability to anemic rats. 

The fiber sources differed in their abilities to retain the 

minerals. Corn bran had a relatively high amount of 

residual copper but was low in zinc and iron, while oat 

hulls had low amounts of iron but higher amounts of zinc. 

The rice bran and wheat bran generally had the highest 
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relative amounts of all three minerals in the residues. 

Reilly (1979) examined wheat bran and whole meal bread for 

binding of copper, zinc, and iron at pH levels of 4.3 and 

7.6. At pH 7.6, very small amo~nts of all three minerals 

were released. At pH 4.3, 30 to 40% of the iron and copper 

were ~eleased, but 80% of the zinc was soluble. While the 

pH levels were different (and given that small changes in 

pH greatly affect the release of minerals), the results of 

Reilly and those presented here are in good agreement. 

This experiment was carried out with fiber sources 

as they came from commercial suppliers, so they contained 

digestible components which normally would be removed 

during digestion. The influence of physical components, 

both digestible (protein) and indigestible (ADF, NDF), upon 

mineral binding was examined by correlation of the amount 

of mineral retained versus the level of constituents. The 

correlations in Table 4 show that only zinc had any correla

tion to physical components. The analysis showed that as 

protein and phytic acid increased, the amount of zinc 

retained also increased. Conversely, as NDF or EIR 

increased, the amount of zinc retained decreased. It was 

interesting that only zinc correlated to constituents 

whereas copper and iron did not. This may fit in with the 

clinical zinc deficiencies found by Prasad and Reinhold in 

populations consuming at least 60% of their calories as 

high extraction unleavened wheat products (Prasad, 1976). 



51 

Protein and phytic acid are well established as factors 

influencing mineral availability (Oberleas, Muhrer, and 

O'Dell, 1966; O'Dell and de Boland, 1976). O'Dell found 

that in some cases phytic acid and protein can be isolated 

in complexes, so it is not surprising that these two are 

correlated in the same manner (O'Dell and de Boland, 1976). 

Both protein and phytic acid are digestible components, so 

the magnitude of their effect in vitro may not be as large 

in vivo. (Phytic acid digestion has been found in both 

chicks and rats. Davies and Flett, 1978; Davies, Ritchey, 

and Hotzok, 1970.) As these two components are digested, 

other physical parameters may gain more invluence on 

mineral availability. 



CHAPTER 3 

DETERMINATION OF HYDROGEN ION BUFFERING CAPACITIES 

Introduction 

Dietary fibers can bind minerals and reduce the 

absorption of those minerals into the body. One of the 

important properties of dietary fibers, \vhich can influence 

mineral binding is the cation exchange capacity. The cation 

exchange capacity (CEC) is, in turn, determined by the 

molecular structure of the material. Reinhold et al. (1975) 

showed that zinc was chelated by wheat starch, gliadin (a 

wheat protein) and isolated wheat fiber. Protein and starch 

left in dietary fiber residues after digestion or isolation 

may have great influence on the CEC. The various methods 

available for isolation of fiber residues from fiber 

sources act in different ways on the material and leave 

different amounts of components in the residue (Southgate, 

1979; Asp, 1979). 

One method to gain information about exchange 

properties of a material is to obtain a titration curve for 

it (Peterson, 1975). The shape of the curve is determined 

by the type of exchanger, i.e., either monofunctional or 

polyfunctional. The slope of the curve is determined by 

the strength of the exchanger (McConnell et al., 1974). 
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Titration of dietary fiber residue can also test the ability 

of the fiber to reduce acidity of the intestinal contents 

(Jalan et al., 1977). McConnell et al. (1974) obtained 

titration curves from acetone-dried fruits and vegetables. 

Rasper (1979) ran titration curves on enzyme-treated cereal 

fiber sources. Jalan et al. (1977) determined acidity 

reduction abilities of cereal fiber sources but did not 

treat the sources to remove protein and starch, which might 

have introduced error into their results. 

The purpose of this experiment was to (1) evaluate 

the effect of preparation on the hydrogen-ion buffering 

capacity, and (2) examine the influence of protein on this 

property. 

Materials and Methods 

Sources of Materials 

The fiber sources were wheat bran, corn bran, soy 

bran, oat hulls, rice bran, and cellulose from the same 

Latches of raw material as used in Chapter 2, 

Preparation of Materials 

Untreated. The fiber sources were used as they 

came from the commercial suppliers. 

Neutral Detergent Fiber Treatment (NDF). Approxi

mately 15 g of fiber source was placed in a 2 1 round bottom 



flask and placed in a heating mantle. Then 750 ml of NDF 

solution (see Appendix A) were added, followed by 7.5 ml 

decahydronaphthalene and 3.8 g sodium sulfite were added. A 

refluxing condenser was attached and the material was 

refluxed for 1 hr after boiling had begun, The flask was 

removed from the heat and the contents were evenly divided 

between four 250 ml polyethylene centrifuge bottles, The 

bottles were centrifuged for 10 min at 5000 rpm. The 

supernatants were decanted and not retained. The residues 

were washed 3 times with 90-95°C deionized water (approxi

mately 100 ml each wash). After each wash, the residues 

were resuspended and the bottles were centrifuged for 5 

min at 5000 rpm. The residues were washed twice with 100 

ml of acetone. The final pellets were pooled and dried 

overnight at 45°C in an evaporating dish. After drying, 

the residue was ground with a Wiley mill through a 30 mesh 

screen. 

Enzymatic Treatment (EIR). Approximately 5 g 

samples of fiber source were placed in each of four 250 ml 

polyethylene centrifuge bottles. To each bottle 50 ml 

deionized water and 50 ml 0.2 N HCl were added. Then 

150 mg pepsin (Sigma Chemical Co., St. Louis, Mo.) was 

added and the bottles were swirled to insure complete 

wetting of the fiber sources, All bottles were placed in 

a 40°C shaker-water bath for 18 hr. At the end of 18 hr, 
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the pH of the solutions was raised to approximately pH 6.8, 

with 4 N NaOH as monitored with a pH meter. Then 50 ml 

0.1 N phosphate buffer (pH 6.8), 150 mg pancreatin (Pfaltz-

Bauer, Inc., Stamford, Conn.), and 300 mg sodium lauryl 

sulfate (Sigma Chemical Co., St. Louis, Mo.) were added to 

each.bottle. The bottles were replaced in the shaker and 

incubated for l-1/2 hr. At the end of the time period, the 

pH was dropped to 4.5-5.0, using 4 N HCl. This pH was 

maintained for at least 15 min. The pH was then raised to 

approximately 6.8 with 4 N NaOH. Bottles were centrifuged 

for 10 min at 5000 rpm. Supernatants were decanted and not 

retained. Residues were washed with ambient temperature 

deionized water, three times (approximately 100 ml each 

wash). Between each wash, the samples were swirled, 

centrifuged 5 min at 5000 rpm, and the wash was decanted. 

After the water washes the residues were washed twice with 

acetone (100 ml per wash). The four final pellets were 

pooled and dried overnight at 45°C in an evaporating dish. 

After drying, the residue was ground with a Wiley mill 
~ 

through a 30 mesh screen. 

Protein Determinations 

The protein content of each of the three prepara-

tions, for each fiber source, was determined via micro-

Kjeldahl. 
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Titrations 

Approximately 1 g sample was accuragely weighed into 

a 100 ml beaker and 30 ml of deionized water was added. A 

magnetic stirbar was put into the slurry and the beaker was 

placed on a magnetic stirrer. A combination pH electrode 

was placed in the solution. The solution was stirred and 

the pH at the end of 2 min was recorded as the starting pH. 

At 3 min intervals, increments of either standardized 0.1 N 

NaOH or 0.1 N HCl were added. The solutions were con-

tinuously stirred. The pH was recorded at the end of each 

3 min period. The titrations were continued to the extremes 

of pH 2 and pH 10.5. All titrations were completed in 

duplicate within 2 weeks. 

Statistical Analysis 

The pH readings were plotted versus milliequivalents 

of HCl or NaOH added. The plots were fit with logistic 

curve equations of the formula: 

y. 
1 

C + ( D - C) [ --_-_ -,-( i-+-y-.-/=B-.-) ] 

l+e 1 

where A is the y-intercept, B is the slope, C is the lower 

asymptote, and D is the up:per asyT.]:)tote. The hydrogen ion 

buffering capacities were expressed as a function of the 

slope parameter, B. The cellulose data were not included 

in the statistical analysis as its non-protein characteris-

tics biased the analysis. The results were analyzed using 
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the SPSS program, for variance, Pearson's correlations were 

obtained for the buffering capacity versus protein content 

within each preparation (Nie et al., 1975). 

Results 

The mean protein contents for the three prepara

tions: untreated, NDF, and EIR, are given in Table 5, Also 

given are the per cent reduction in protein content. Rice 

bran and wheat bran consistently had the highest protein 

contents. The per cent reduction in protein ranged from 

64 to 89% after NDF and from 78 to 87% after EIR, Cellulose 

had no protein contamination and thus was a good non

buffering control. 

The titration curves for the untreated, NDF, and 

EIR preparations are shown in Figures 4, 5, and 6 1 

respectively. They represent the means of duplicate 

samples. Figure 7 shows the curves generated for all three 

preparations of cellulose and indicates that the treatments 

did not add any extrinsic factors affecting the titration 

curves. The three curves for wheat bran are shown in 

Figure 8 to indicate the relative differences between the 

three treatments. 

Hydrogen ion buffering capacity was expressed as a 

function of the slope parameter of the logistic curve. The 

slope represented the rate of change of pH for the amount of 

acid or base added. The more horizontal the curve, i.e., 
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Table 5. Protein content of fiber residues after treatment 
and per cent reduction of protein by the treat
ments. 

NDFa EIRb 
Untreated 

Fiber % % reduc- % % reduc-
Source % protein protein tionc protein tion 

lvheat bran 19.3 7.0 63.7 4.2 78.0 

Corn bran 11.8 2.0 83.0 1.8 84.7 

Soy bran 18.5 3.8 79.5 3.6 80.5 

Oat hulls 4.6 0.5 89.1 0.6 86.9 

Rice bran 21.5 6. 9 67.9 4.0 81.4 

Cellulose 0.0 0.0 o.o 
-------

aNDF neutral detergent fiber, preparation 2. 

bEIR enzymatic indigestible residue, prepara-
tion 3. 

c% reduction= 100- 100(% protein after treatment 

%protein, untreated). 
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the smaller the slope value, the greater the buffering 

capacity. The parameters from the logistic curves are given 

in Appendix E. The analysis of variance showed that 

preparation type significantly affected the protein content 

of the fiber residues. Table 6 shows the values for protein 

content and the slope parameter used for the Pearson's 

correlations. Also shown are the correlation coefficients 

and the significances. Protein correlated to hydrogen ion 

buffering capacity for the untreated preparation (r = .971) 

and for the EIR preparation (r = .966), while there was no 

correlation for the NDF preparation. 

Discussion 

In the previous chapter, it was shown that protein 

content correlated to the binding of endogenous zinc in 

residues after the sequential pH treatment. Protein is one 

of the physiological buffers for hydrogen ions in organisms. 

It is, however, digestible in the gastrointestinal tract 

and its influence in the lumen as a buffer may thus be 

reduced. The preparation methods used in this experiment 

are two accepted ways to obtain estimations of dietary 

fiber (Van Soest and McQueen, 1973; Hellendoorn et al., 

1975) . Both preparations removed soluble, digestible com

ponents including sugars and protein. The protein reducr.ion 

ranged from 64 to 87% for the NDF preparation . Van Soest 

and Wine (1967, p. 54) admitted that the NDF preparation 
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Table 6. Pearson's correlations of protein level versus 
buffering capacity, 

Slope Coeffi-
Fiber Protein function cient Signifi-

Treatment Source % (-1/B) ( r) cance 

Untreated Wheat bran 19.3 4,84 
Corn bran 11.8 8.09 
Soy bran 18.5 6.74 
Oat hulls 4.6 13.89 
Rice bran 21.5 2.93 

-.971 .003 

NDF Wheat bran 7.0 17.70 
Corn bran 2.0 10.56 
Soy bran 3.8 7.32 
Oat hulls 0.5 23.87 
Rice bran 6. 9 10.86 

-.315 ,303(NS) 

EIR \\'heat bran 4.2 7.12 
Corn bran 1.8 26.81 
Soy bran 3,6 7.14 
Oat hulls 0.6 47.17 
Rice bran 4.0 12.61 

-.966 .004 



"does not dissolve all the protein; evidently the sulfite 

must be dissolving nutritionally unavailable protein in 

some cases. The reduction after the EIR preparation 

ranged from 78 to 87% which was greater than those found 
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by Honig and Rackis (1978), whose protein reductions ranged 

from 60 to 65% for wheat bran, corn bran, and soybean hulls. 

The amount of protein remaining in the soy bran hulls was 

3.0%, while the soy bran here had 3.6% protein after EIR 

preparation. It seems that these residual amounts of 

protein are appropriate as protein digestion is not 

necessarily complete in the small intestine. Thus the 

minerals bound to protein remaining associated to dietary 

fiber, would not be available for absorption in the small 

intestine. 

The ability to accept hydrogen ions gives an indi

cation of the ion exchange characteristics of the fiber 

sources. McConnell et al. (1974) classified fruit and 

vegetable fiber sources as strong or medium exchangers 

based on the change in the sigmoid curve from the titrations 

of the H+ form of the fibers. Hydrogen ion buffering 

capacities in this experiment were based on a function of 

the slope of the curves. Figure 4 shows the untreated 

preparation titration curves. It is evident that the rice 

bran had the greatest hydrogen ion buffering capacity 

followed by wheat bran and soy bran. Figures 5 and 6, 

of the NDF and EIR preparations, respectively, show the 



general reduction of buffering capacity which was con

comitant with protein reduction. These figures show that 
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the fiber sources changed order with respect to buffering 

capacity between the untreated and the two treated prepara

tions. Corn bran, oat hulls, and rice bran showed greater 

buffering capacities after the NDF preparation than after 

the EIR preparation while wheat bran and soy bran had 

opposite results. Rasper (1979) showed that the titration 

curves for corn bran and soybean hulls were strongly affected 

by method of preparation. He found oat hulls and rice hull 

fiber (probably different from rice bran) had low CEC while 

soybean hulls had a higher capacity. This experiment 

agrees with the Rasper work in that oat hulls consistently 

had lower hydrogen ion buffering capacities while soy bran 

was a much better hydrogen ion buffer. 

Jalan et al. (1977) determined ability to reduce 

acidity in wheat bran, wheat flour, and rice, These 

investigators found bran to be superior to rice in acidity 

reduction and concluded that rice-eaters would be at greater 

rish than bran-eaters for duodenal cancers. Unfortunately, 

those experiments were done with bntreated sources with 

buffering capacities, as indicated by the present results, 

which are greatly influenced by protein content, In the 

present experiment, hydrogen ion buffering capacity 

correlated strongly with protein content (r = ,971) for the 

untreated sources. The correlation differences, that is the 
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lack of correlation of buffering capacity to protein content 

for the NDF preparation and the strong correlation for the 

EIR preparation, indicate the variation introduced by 

different methods. The results suggest that the two 

methods remove different components in varying amounts from 

the fiber sources. It also appears that the components 

in the residues, such as the protein, have different 

properties after the two treatments. This is suggested 

by the higher protein content of the NDF preparations, but 

the lack of correlation between protein content and buffer-

ing capacities. Rasper (1979) found correlation between 

hexose-yielding polysaccharides and CEC. Further research 

is necessary to elucidate th~ relationships between the 

specific residue components and hydrogen ion buffering 

capacities. 



CHAPTER 4 

BINDING OF COPPER AND ZINC: AN ION EXCHANGE 
COLUMN METHODOLOGY 

Introduction 

Dietary fiber may influence mineral availability 

from foodstuffs. Reinhold et al. (1975) examined the 

binding of calcium, zinc, and iron to various wheat breads 

and wheat bran. They concluded that the ability of white 

bread and dephytinized bran to bind zinc, indicated that 

fiber interfered with mineral metabolism. Sandstead et al, 

(1978) fed men an American-type diet but added extra wheat 

and corn bran. The fiber level was not high, only 26 g 

of additional raw fiber source were consumed per day. Iron 

balance did not change, but wheat bran decreased zinc 

retention (though not significantly), Reinhold et al. 

(1976a) found that high fiber diets produced negative 

calcium and zinc balances. 

One mechanism by which dietary fiber may influence 

mineral availability is cation exchange (Stiles, 1976). 

Cation exchange capacity (CEC) is determined by the number 

of ionizable groups in the material. Dietary fiber contains 

acidic groups, such as uronic acids and acidic side chains 

on closely associated protein. James et al, (1978) obtained 

a strong correlation for uronic acid content related to 
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calcium binding in dietary fiber residues. McConnell et al. 

(1974) determined CEC's for dietary fiber residues from 

fruits and vegetables. Cation exchange capacities have also 

been determined for various cereal sources of dietary fiber, 

such as wheat bran, oat hulls, rice bran, and corn bran 

(Rasper, 1979). 

Saccharides also influence CEC and mineral binding. 

Richards and Williams (1970) established that zinc chloride 

complexed with glucopyranosides. The stability of the 

complex increased as zinc concentration increased. 

Sephadex, a cross-linked polysaccharide used for gel 

filtration, can separate buffer salts (Linqvist, 1962). It 

had a CEC of 10 mceq/g (Gelotte, 1960). Evans et al. (1979) 

used Sephadex to isolate zinc-binding ligands from biological 

fluids. Their recoveries of zinc were initially very low. 

They subsequently determined that the Sephadex was binding 

the zinc during the filtration, i.e., it was acting as a 

cation exchanger. Dietary fiber is a heterogenous material 

with polysaccharides as the major constituents. It is 

possible that the polysaccharides could act similarly to 

Sephadex in ability to bind cations. 

The purpose of this experiment was to investigate 

the ability of isolated fiber residues to bind copper and/or 

zinc. The methodology was patterned after classic ion-

exchange methods and the method of Evans et al. (1979) to 

determine the amount of zinc bound to Sephadex. 
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Materials and Methods 

Preparations 

The fiber sources were of the same original batches 

as used previously. Corn bran and rice bran had negative 

filtration characteristics and were not used in this 

experiment. Two preparations of wheat bran, soy bran, oat 

hulls, and cellulose were made. The first preparation was 

the neutral detergent treatment (see Appendix A). The 

second preparation was the enzymatic indigestible residue 

treatment (see Appendix B). 

All residues were ground with a Wiley mill through 

a 60 mesh screen, The treated fiber residues were sieved to 

obtain better uniformity of particle size and to assure 

positive filtration characteristics, The wheat bran used 

was the fraction that passed through a 60 mesh (Tyler series) 

screen but was retained by a 100 mesh scree~. The soy bran 

passed through 150 mesh but was retained by 200 mesh screen. 

The oat hulls and cellulose passed through 100 mesh but were 

retained by 150 mesh screen. 

Analyses 

The treated, sieved fiber residues were analyzed for 

protein (micro-Kjeldahl) and for copper and zinc via dry 

ashing and atomic absorption spectrophotometry. 
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Cation Exchange Capacity 

The cation exchange capacity (CEC) was determined 

as the scientific weight capacity as described by Helfferich 

(1962). Samples of 3 g of treated sieved fiber residues 

were weighed into 150 ml beakers and 40 ml of 2 N HCl were 

added to each. This was done in duplicate. The beakers 

were placed on a shaker-water bath at ambient temperature 

and shaken for 18 hr. At the end of the period, the fibers 

were washed into coarse pore sintered glass crucibles and 

washed repeatedly (under suction) with deionized water. 

The total wash volume for each sample was at least 300 ml. 

The samples were then air-dried for two days with occasional 

stirring to break up lumps and assure complete drying. 

Then 0.5 g of the dried material was accurately 

weighed into a 50 ml beaker. This was done in duplicate, 

resulting in 4 determinations for each treated fiber 

residue. To each beaker 30 ml of 1.0 M NaCl was added and 

the beakers were placed on the shaker-water bath for 6 hr. 

At the end of the period, the samples were washed with 

deionized water into medium pore scintered glass crucibles. 

The beakers were rinsed with deionized water and this was 

also added to the crucibles. The total wash volume was at 

least 70 ml and was collected via suction in a 125 ml 

filter flask. 

Four drops of l% phenolphtalein in ethanol were 

added to each filter flask. The filtrate was then titrated 
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with standardized 0.009 N NaOH, to the first appearance of 

pink color, which was maintained at least 60 seconds. The 

cation exchange capacity was determined as milliequivalents 

(meq) of H+ per gram of dry fiber in the H+ form, 

Column Procedure 

The column experiment was designed as a factorial 

experiment as follows: 4 dietary fiber residues by 2 treat

ments by 3 mineral-containing solutions by 2 replicates. 

The columns were run once, in random order, for each treat-

. ment, fiber, and solution. They were then repeated, again 

randomly for the second replicate. This approach minimized 

batch and day contributions to the error. All glassware 

was acid washed in a nitric acid solution (125 ml con-

centrated nitric acid per liter) to minimize extraneous 

mineral contamination. A sample of 0.25 g of treated sieved 

fiber residue was accurately weig~~d into a 30 ml beaker and 

7 ml deionized water were added. The beakers were placed 

in the shaker-water bath at 37°C for 30 min to acco~plish 

hydration of the residue. 

After hydration, the slurry was poured into a glass 

column (0.7 em I.D. x 15 em, Econo-column, Biorad Labs., 

Richmond, Calif.), which had approximately 1,5 ml of 

deionized water placed in the bottom. The column was 

connected to a peristaltic pump (Gilson minipuls 2, Gilson 

Medical Electronics, Inc., Middleton, Wis.) via a 3-way 
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stopcock (TPX Leur-type, Biorad Labs, Richmond, Calif.) and 

1.52 mm manifold tubing (Gilson Medical Electronics, Inc., 

Middleton, Wis.). The pump was set for a constant flow rate 

of 1 ml per minute. Fractions were collected in 15 ml 

conical bottom graduated test tubes. Collection of 

fractions began after part of the slurry had been transferred 

to the column. Fraction volumes were approximately 10 ml. 

The slurry-containing beaker was rinsed with enough de

ionized water for a total volume of 8 ml (rinse water plus 

water in bottom of column). 

Each column was subjected to a series of eluting 

solutions according to a common protocol, which is given in 

Table 7. The exception to this protocol was the amount of 

mineral-containing solution (explanation in next paragraph). 

The buffer system used was sodium bicarbonate, because of 

its physiological buffering properties. Also, it has been 

shown that bicarbonate does not bind to Sephadex (Gelotte, 

1960). The mineral-containing solutions were: (1) copper 

alone, (2) zinc alone, and (3) copper and zinc in combina-

tion. The nitrate form of the minerals was used to minimize 

possible interaction of the anion and the column material 

(Borak, 1978). Each progressive solution in the protocol 

was added after the last of the previous solution had just 

entered the top of the column bed. This aided in obtaining 

sharp transitions from one solution to the next. 



Table 7. Common protocol for the addition of solutions to 
the columns. 
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Solution Volume 

Deionized H20 in slurry 

Deionized H2o in wash 

0.1 N HCl 

25 mM NaHC0
3

, pH 6.8a 

7 

8 

15 

15 

10 ppm mineral in 25 mM NaHC0
3

, pH 6.8b 

Deionized H,..,O 

varied 

L. 

0.1 N HCl 

aDiluted from stock NaHC0 3 (125 mM) to 25 mM and 
the pH was adjusted just prior to use. 

20 

15 

15 

bDiluted from stock 125 rnM NaHco3 to 25 mr-1 with 
mineral added from 100 ppm stock mineral solution to equal 
10 ppm mineral, and the pH was adjusted just prior to use. 

Note: Combination solution with both copper and zinc 
had 10 ppm of each mineral in it. 
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Evans et al. (1979) determined the amount of zinc 

bound to a Sephadex G-25 column by assuming that saturation 

of available sites was accomplished when effluent concentra-

tion of zinc equaled the concentration of zinc in the eluent. 

The plateau of the concentration curve near the saturation 

asymptote was an approximation of saturation of the sites. 

The approximate amount of mineral-containing solution 

necessary to reach this plateau for each treated fiber 

residue was determined in preliminary experiments. This 

amount varied from fiber to fiber and sometimes varied 

between treatments. The volumes of mineral-containing 

solutions added to the columns are given in ~able 8. The 

same volume \\·as added for all three solutions. 

Table 8. Volumes of mineral-containing solutions added to 
the columns. 

Treatment 

Fiber Source NDF EIR 

\vheat bran 215 ml 215 ml 

Soy bran 130 230 

Oat hulls 90 90 

Cellulose 80 80 



Fractions were collected continuously and their 

exact volumes were recorded immediately after collection. 
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The fractions were transferred to acid washed snap-cap vials 

and 50 A of 6 N HCl were added to each vial to prevent 

precipitation of the mineral. An aliquot of the eluent was 

saved in a snap-cap vial with 50 A of 6 N HCl added to it. 

The fractions were then analyzed for mineral content via 

direct aspiration to the atomic absorption spectrophotometer. 

When the concentration of the mineral was outside the 

reading range, the fraction was diluted with 5% HCl. 

Control columns were run for each fiber and each 

treatment. The controls consisted of the same common 

protocol as in Table 7. In the co~trols, the mineral-

containing solution was replaced by 80 ml of sodium 

bicarbonate buffer without any mineral addition. The 

bicarbonate buffer was made as indicated in Table 7. The 

fractions from the control runs were analyzed for both 

minerals. 

The concentration of mineral in each fraction was 

multiplied by the fraction volume to obtain total micrograms 

of mineral in the fraction. The concentration of the eluent 

was multiplied by the total volume added to the column, to 

obtain the total number of micrograms of mineral added to 

the column. The total micrograms for each fraction, up to 

but not including the second addition of HCl, were added 

together to obtain the number of micrograms not bound to 
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the column. The total micrograms of the fractions after the 

second acid addition were summed to equal the amount of 

mineral bound to the column. The total amount bound to the 

column was divided by the dry weight of fiber residue used 

in the column to obtain micrograms of mineral bound per gram 

fiber residue. This was then converted to millimoles of 

mineral and compared to the CEC of the fiber residues. 

Statistical Analysis 

The data were subjected to a multi-way analysis of 

variance using the SPSS program (Nie et al., 1975), The 

values analyzed were micrograms bound, micrograms bound per 

gram fiber, and a transform of the per cent of CEC taken 

up by the minerals. The transform performed was an arcsin 

square root transform, designed to reduce differences 

between percentages at the extreme ends of the range. Using 

Pearson's correlations, the millimoles of mineral bound per 

gram fiber were related to the protein content of the 

treated fiber residues, 

Results 

Table 9 contains the values for analyses of the 

treated and sieved fiber residues. Copper and zinc concen

trations in the residues after treatment but prior to use 

in the columns are shown. The results differed between the 

two treatments. In the EIR-treated residues, there was more 

zinc for wheat bran, soy bran, and cellulose and more copper 



Table 9. 
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Results of chemical analyses on the treated sieved 
fiber residues. 

CECa 
Zinc Protein + Copper meg H I 

Treatment Fiber Source ppm ppm % g fiber 

NDF 

EIR 

Wheat bran 5.7 4.3b 
Soy bran l.l N.D. 
Oat hulls 13.9 10.5 
Cellulose N.D. N,D. 

Wheat bran 8.4 21.0 
Soy bran 5.8 18.8 
Oat hulls 29.7 6.4 
Cellulose 1.9 1.6 

aCEC = cation exchange capacity. 

b N.D. = not detected. 

9.16 0.091 
3.62 0.109 
0.63 0.114 
0.0 0.018 

4.21 0.095 
3.62 0.184 
0.62 0,036 
0.0 0.019 

for all the fibers, than in the NDF-treated residues. The 

oat hulls had more residual copper than zinc after both 

treatments. The wheat bran had more copper than zinc after 

the NDF treatment, but the amount of zinc was much greater 

than copper after the EIR treatment. The soy bran and oat 

hulls had similar protein contents after either treatment. 

The wheat bran had a higher protein content after the NDF 

treatment, nearly twice the amount in the EIR-treated 

residue. The CEC values for cellulose, which was considered 

a refined fiber source, were not affected by the two treat-

ments. There was only a slight difference between treat-

ments for the wheat bran. The soy bran and oat hulls were 



affected in a contrasting manner to each other, 
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Soy bran's 

CEC was much higher after the EIR treatment, while oat 

hulls' CEC was higher after the NDF treatment. The order 

of CEC values from highest to lowest for NDF-treated 

residues was: oat hulls, soy bran, wheat bran, cellulose; 

and for EIR-treated residues was: soy bran, wheat bran, oat 

hulls, and cellulose. 

The millimoles (mmoles) of each mineral bound to 

the fiber residues in the columns are shown in Table 10. 

The additional values for per cent of CEC and its arcsin 

square root transform are in Appendix F. The fiber 

differences in the CEC values were reflected in the amounts 

of minerals bound to the fiber in the columns. The excep

tion \vas the relatively low amount of copper bound to NDF

treated oat hulls. When presented as single cations, more 

copper was bound than zinc. When presented in combination 

at equal concentrations (and approximately equimolar 

solutions), less zinc was bound than copper. The total 

mmoles of copper and zinc bound when in combination was less 

than the sum of the mmoles bound when presented alone. 

Figure 9 shows the mineral concentration profile for 

the fractions from both treatments, NDF and EIR, of 

cellulose. This is a plot of ppm mineral in the fractions 

versus the ml of eluent added. The curve leveled off near 

the saturation asymptote as desired, All the columns had 

similar concentration profiles to Figure 9. These profiles 



Table 10. Millimoles of minerals bound to the fiber 
residues. 

Solution 

Copper Zinc 
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alone alone Copper-Zinc 
Treatment Fiber Source Cu zn Cu Zn 

NDF Wheat bran 0.089 0,064 0.074 0,040 
Soy bran· 0.053 0.046 0,045 0.026 
Oat hulls 0.029 0.029 0,068 0.036 
Cellulose 0.011 0.005 0.011 0.003 

EIR I'Jheat bran 0.087 0.056 0,067 0,032 
Soy bran 0.012 0,095 0,083 0.053 
Oat hulls 0.025 0.019 0.029 0.012 
Cellulose 0.010 0.005 0.011 0.004 
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were clear evidence that the minerals were bound and that 

saturation occurred. This was followed by a release of 

bound mineral during the second HCl wash. 

The bargraphs of CEC and mmoles of copper and zinc 

bound to the fiber residues are shown in Figures 10, 11, 
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and 12. Figure 10 shows the copper bound to the residues 

when copper alone was added to the columns. The residues 

from the two treatments, NDF and EIR, bound similar amounts 

of copper in both the wheat bran and cellulose. The ErR

treated fiber residues from soy bran and oat hulls bound 

copper at a higher percentage of their CEC's than did the 

NDF-treated residues from those two sources. The general 

trend of binding, i.e., EIR treated soy bran bound more than 

NDF-treated soy bran and NDF-treated oat hulls bound more 

than EIR-treated oat hulls, evident with copper alone, Has 

repeated when zinc was added alone. Figure 12 shows the 

mmoles of both copper and zinc bound when copper-zinc 

combination solution was used as the eluting solution. The 

amounts of both minerals bound to the fiber residues were 

lower for the combination than when the minerals were 

presented alone. 

The analysis of variance confirmed the significant 

influences of fiber type, treatment type, and solution type 

on the amount of minerals bound. When the data were 

analyzed on the basis of per cent of CEC used by the bound 

minerals, the variation from the above three factors was 
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still significant. The Pearson's correlation coefficients, 

shown in Table 11, indicated a strong correlation of the 

copper and zinc bound to the fiber residues and protein 

content for the NDF-treated residues, when the minerals 

were presented singly. This was not the case when the 

minerals were presented in combination. The correlations 

of protein content to amount of mineral bound were not 

significant for any of the EIR-treated residues, 

Table 11. Pearson's correlation coefficients for protein 
versus mmoles mineral bound to fiber residue, 

NDF 

mmoles Copper (alone) .997 (.025)a ,906 

mmoles Zinc (alone) .988 (. 04 9) .770 

mmoles Cu (Cu-Zn combo) .360 (,383) .902 

mmoles Zn (Cu-Zn combo) .438 (.356) .770 

aCorrelation coefficient with significance in 
parentheses. 

EIR 

(.139) 

(.220) 

(. 142) 

(.220) 



Discussion 

The treatments, NDF and EIR, resulted in reduced 

endogenous mineral content in the residues compared to the 

original material, which can be seen by comparing Table 9 

to Table 3. The exception was oat hulls which had an 

increased copper concentration after the EIR treatment. 
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The NDF treatment solubilized zinc to a greater extent than 

did the EIR treatment. The reduction in protein content 

from the original levels was evident (see Tables 1 and 9). 

The wheat bran showed a large difference in orotein content 

between the EIR-treated and the NDF-treated residues. This 

may have been a result of the sieving process, which may 

have selected a protein-rich fraction from the entire NDF

treated batch. Table 5 showed the protein content of the 

unsieved treated batches. Only the NDF-treated, sieved 

wheat bran residue showed any difference from the unsieved 

batches. 

The wheat bran and cellulose had similar CEC values 

after both treatments. This may indicate that although the 

treatments resulted in different mineral contents and 

protein contents, the chemical constituents which determine 

CEC characteristics were affected similarly by the treat-

ments. There was no similarity of CEC values between the 

two treatments for soy bran and oat hulls. The CEC value 

for NDF-treated oat hulls was three times that for the ErR

treated residue and the EIR-treated soy bran was 1.5 times 
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that of NDF-treated residue, Thus, in contrast to the wheat 

bran and cellulose, the chemical constituents influencing 

the CEC of soy bran and oat hulls were greatly affected by 

treatment. The CEC values of the fiber residues were 

similar to those obtained for roots, ranging from 0,075 to 

0.330 meq/g, and pollen, ranging from 0.058 to 0.289 meq/g 

(Crooke and Knight, 1971~ Knight, Crooke, and Shepherd, 

1972). 

The column procedure was modeled after the work of 

Evans et al. (1979) with zinc binding to Sephadex gel. 

Their buffer system was Tris at pH 7.4. Hanlon, Watt, and 

~vesthead (1966) studied the interaction of divalent metal 

ions with Tris buffer. They found that while zinc did not 

interact with the Tris, copper had extensive complex forma

tion. The complexation was evident in this experiment 

because of the formation of blue color in the Tris-copper 

solution. Phosphate buffer could not be used due to the 

progressive precipitation of mineral phosphates. The 

bicarbonate buffer system was chosen as a compromise. There 

was some mineral precipitation when the mineral-containing 

buffer solution stood for 2 hours. In order to minimize 

this precipitation the solution was made and the pH adjusted 

immediately prior to use. The precipitation may have 

resulted in slightly higher values for mmoles mineral bound 

in the longer runs such as the EIR-treated soy bran. Since 

bicarbonate is the physiological buffer system, it was felt 



that any mineral-buffer interaction, if present, was 

acceptable, as it would probably occur in the organism. 

The mineral concentration profile in Figure 9 for 

the cellulose residues was an example, as the profiles 
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for the other fiber residues were quite similar. The zero 

concentrations in the beginning fractions showed that there 

was no mineral contamination from the water, HCl, or non

mineral containing buffer. The oat hulls residues showed 

some loss of endogenous minerals from the material during 

the first HCl wash (approximately 1-2 ppm). The control 

runs showed that oat hulls were the only sample to do this 

and that the release of minerals in the second HCl wash 

ivas on the order of tenths of a ppm (negligible compared to 

the concentration of mineral washed off with the HCl). All 

the fiber residues had the sharp rise in concentration after 

the mineral first began to appear, but there were large 

differences in the volumes needed to reach this breakthrough 

region. The plateau region of the curves approached the 

saturation asymptote to within 1 ppm. The oat hulls appeared 

to have a slower approach to the asymptote. The kinetics of 

the cation exchange rates for the different fiber sources 

might be important when gut transit times and rates of 

diffusion are examined, By returning to zero mineral 

concentration, the profile showed that the water wash 

eliminated free mineral from the fiber matrix and did not 

wash the bound mineral out of the residues. The second HCl 



wash resulted in a large peak of released mineral. This 

occurred rapidly within the first fraction after the HCl 

wash had begun. The concentration then returned to zero, 

indicating that the exchangeable mineral had been washed 

out. The recoveries, as determined by addition of the 

amount of mineral passed through the fiber residue and 

amount of mineral released in the second HCl wash, ranged 

between 90% and 105%. The variations were due to volume 

measurements, possible losses in fraction collection and 

some day-to-day variation in function of the atomic 

absorption spectrophotometer. 
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More copper was bound than zinc, both when present~d 

alone and when presented in combination. When presented in 

combination, in eguimolar concentrations, the binding of 

both minerals was reduced. This indicated a possible 

interaction of copper and zinc. It may have resulted from 

increased ionic strength, as Evans et al. (1979) found that 

zinc binding capacity of Sephadex decreased as ionic strength 

increased. In this experiment, copper and zinc were in 

eguimolar concentrations. Usually zinc is present in the 

diet at higher concentration than copper. Further work 

should be done with varying amounts of mineials and constant 

ionic strengths to more closely simulate physiological 

conditions. 

The Pearson's correlations, shown in Table 11, 

indicated that the amount of copper and zinc bound was 
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related to protein content for the NDF-treated residues. 

The relationships did not remain when copper and zinc were 

presented in combination. The EIR-treated residues did not 

have protein content related to minerals bound, Since the 

binding was not related to protein in the ErR-treatments, it 

was possible that the fiber, i.e., the various poly

saccharide constituents, was influencing the mineral 

binding. These results emphasized the differences in 

physical properties of the fiber residues after the two 

treatments. 

This experiment produced two important conclusions. 

First, dietary fiber sources vary dramatically in their 

abilities to bind minerals. This must be remembered vlhen 

fiber sources are included in the diet. One dietary fiber 

source may be beneficial and another may be detrimental. 

Second, the residues produced by these two treatments, 

neutral detergent and enzyme, do not have equivalent 

physical properties. Since the physical properties are 

related to chemical composition, these results implied 

that the two treatments do not produce chemically equivalent 

residues. In further biochemical investigations, these 

physicochemical differences caused by methodology must be 

acknowledged. 



CHAPTER 5 

INFLUENCE OF DIETARY FIBER SOURCES ON 
MINERAL STATUS OF CHICKS 

Introduction 

Dietary fiber has been included in experimental 

diets for monogastric animals for a long time. It was used 

primarily to promote continuous progress of material through 

the gut. Most experimental diets have 3-5% fiber added as 

either purified cellulose products for semi-purified diets, 

or as some unrefined source for mixed diets. 

The addition of fiber to the diet of chicks 

reportedly stimulated growth (Davis and Briggs, 1947). 

However, the non-essentiality of dietary fiber for chicks 

was shown by feeding chemically defined liquid diets and 

obtaining normal growth (Lang and Briggs, 1976). While the 

effects of dietary fiber on growth are mixed, most studies 

have shown increased feed intakes on increased fiber levels. 

lvhen cellulose, Solka-Floc, and wheat straw were used as 

fiber sources, the growth was depressed (Dvorak and Bray, 

1978; Bayer et al,, 1978; Kondra et al., 1974). No change 

in body weights was seen when pine shavings or rice hulls 

were used (Deaton et al., 1976; Waldroup et al., 1976). 

Growth stimulation did occur when wheat bran and Masonex (a 

wood hemicellulose extract) were included (Hedge et al., 
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1978; Fahey, 1978). Comparison of the experiments is 

difficult due to the variety of bird strains, sources of 

fiber, length of experiment, and fiber level in the diet. 

As the need to understand the physiological actions 

of dietary fiber has increased, higher levels of the fiber 

sources have been included in the experimental diets. 

Several factors could influence growth and nutritional 

status of the chick, when dietary fiber is included at a 

high level. First, the fiber source can act as a diluting 

factor which lowers nutrient density. Dvorak and Bray 

(1978) found that the addition of cellulose decreased the 

utilization of the basal portion of the diet. However, when 

chicks were fed rice hulls up to 50% of their diet, they 

were able to consume sufficient feed to maintain weight 

(Waldroup, 1976). Second, the inclusion of fiber may 

decrease transit time in the gut, thereby decreasing the 

time available for nutrient absorption (Hellendoorn, 1978). 

No studies on transit time alterations in the chick have 

been reported. Third, trypsin inhibitors which are 

endogenous to the fiber source may disrupt protein 

digestion. Both wheat bran and rice bran have been found 

to contain trypsin inhibitors (Mistuanaga, 1974; Tashiro 

and Maki, 1979). And finally, inclusion of fiber may bind 

trace minerals and reduce their bioavailability. Reinhold 

et al. (1975) showed that dietary fiber bound zinc in vitro. 

Addition of fiber sources to diets may also affect mineral 
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availability by adding phytic acid. Phytic acid is usually 

associated with the dietary fiber fractions of food. It has 

been shown to reduce the availability of calcium and zinc 

to chicks (Nelson et al., 1968; Likuski and Forbes, 1964; 

Lease and Williams, 1967; Lease, 1968). 

Chicks are good experimental animals for investi-

gating factors affecting mineral metabolism. They manifest 

mineral deficiencies quite clearly, Manganese deficiency 

results in a slipped tendon syndrome in the legs. Zinc 

deficiency causes the long bones of the legs to shorten and 

thicken and the hocks enlarge (National Research Council 

[NRC], 1971). In this experiment, growing chicks were fed ,., 
_,..,;.__. 

six different fiber sources to determine if the fibers 

inhibited growth, produced visible mineral deficiency 

sumptoms, or significantly lowered tissue mineral levels. 

Materials and Methods 

Chicks 

Eighteen day-old Hubbard chicks (University of 

Arizona stock), 9 males and 9 females, were completely 

randomized into 3 pens (3 males and 3 females per pen). 

After two days on a starter diet, all chicks were placed 

on experimental diets for 4 weeks. 



Diets and Experimental Design 

The composition of the basal diet is given in 

Table 12. Experimental diets were formulated by adding 

fiber sources to equal an addition of 6% neutral detergent 

fiber, at the expense of cerelose. The NDF content of the 

fiber sources is shown in Table 2. Animal fat was varied 

to maintain isocaloric diets. The diets were not iso-

nitrogenous but were formulated to be approximately 22% 

crude protein. The calorie to protein ratio was close to 

60 as recommended by NRC (1971). The formulations for 
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the experimental diets are shown in Table 13. Both diet 

and deionized water were supplied ad libitum. Birds were 

housed in suspended steel wire cages. Chicks and feed were 

weighed once weekly. Fecal samples were taken during the 

fourth week of the experiment. 

Experimental Analysis 

At the end of the experiment, 10 birds were 

randomly chosen from the 18 birds per diet, These birds 

were weighed and blood was collected from a wing vein in 

heparinized capillary tubes (3 tubes per bird). Hematocrit 

(%) was determined after the tubes were centrifuged in a 

microhematocrit centrifuge (15,000 x g for 5 min), The 

birds were sacrificed by cervical dislocation, Livers and 

both legs were removed and held frozen until further 

analysis. 



Table 12. Composition of basal diet. 

Ingredient 

Soybean Meal 

Cere lose 

DL-Methionine 

Dicalcium phosphorus 

Purified vitamin mixa 

Special trace mineral mixb 

cr
2
o

3 

Animal fat 

% of diet 

47.05 

19.63 

0.15 

3.00 

4.00 

2.00 

0.20 

3.00 

aPurified vitamin mix supplied the following per 
kilogram of diet: Vitamin A 10,000 IU, Vitamin 03 960 ICU, 
Vitamin E 8.8 IU, Thiamin HCl 8.8 mg, Riboflavin 12.0 mg, 
D-calcium Pantoth:o:nate 15.20 mg, Pyridoxine HCl 4.0 mg, 
p-~no benzoic acid 20.00 mg, Inositol 1000.0 mg, Choline 
chloride 2206 mg, Vitamin Bl2 30 meg, Biotin 0.2 mg, 
Folic acid 2.0 mg, Menadione 6.6 mg. 
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bSpeclal trace mineral mix supplied the following per 
kilogram of diet: NaCl 5.90 g, Mnso4 ·H 20 0.31 g, KI 0.6 mg, 
KCl 4.6 g, MgS04·7H2o 6.0 g, Na 2Mo04 ·2H20 1.2 mg, Na 2Se03 
0.22 mg. 



Ingredient 

Soybean basal 

Cere lose 

Animal Fat 

Fiber source 

Feso4 ·7H2o 

Cuso 4 

ZnS04 ·7H 20 

aBasal 

Table 13. Composition of experimental diets. 

Basal Cellulose 
Wheat 
bran 

Corn 
bran 

Soy 
bran 

Oat 
hulls 

Rice 
bran Basal +a 

--------------------------------kg--------------------------------
21.76 21.76 21.76 

5.51 2.65 0.7 

l. 23 l. 54 

l. 64 3.27 

plus supplemental minerals. 

21.76 21.76 

l. 89 2.08 

0.98 0.80 

2.65 2.65 

21.76 

2.21 

l. 31 

2.00 

21.76 21.76 

0,97 5.51 

4. 56 . 

10,84 (g) 

0.27 (g) 

5.98 (g) 
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Fecal samples were dried and ground through a 30 

mesh screen with a Wiley mill. Extraneous materials (such 

as feathers) were removed. Diets and fecal samples were 

analyzed for protein (macro Kjeldahl), acid detergent fiber 

(Van Soest, 1963a), and neutral detergent fiber (Van Soest 

and Wine, 1967). 

Livers were slightly thawed, rinsed in deionized 

water, cleansed of non-liver material, and weighed. They 

were freeze-dried and weighed again to obtain a dry weight. 

One leg from each bird was autoclaved for 20 min, beginning 

in a frozen state. The skin and meat were removed from the 

tibias. The caps of the tibias were excised, cleansed, and 

kept with the tibias. The bones were dried overnight at 

55°C and weighed to obtain a dry weight. They were then 

wrapped in tissue, secured with a wing band for identifica

tion and placed in anhydrous ethyl ether. The ether was 

changed each week for maximal extraction of the fat. At 

the end of 4 weeks, the tibias were removed, air-dried for 

two days, vacuum-dried overnight, and weighed to obtain 

a dry fat-free weight. 

Diet and fecal samples, livers, and tibias were 

ashed in a muffle furnace and prepared for mineral analysis 

via atomic absorption (see Appendix C for detailed prepara

tion procedure). Mineral content was determined in parts 

per million by multiplying the concentration of the sample 

by the dilution factor and then dividing by the appropriate 
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weight (i.e., dry fat-free weight for tibias and dry weight 

for livers). Copper, zinc, iron, manganese, and magnesium 

were determined. 

Statistical Analysis 

Body weights and feed intakes were analyzed for 

variance and subjected to Duncan's multiple range test 

(Duncan, 1955). Hematocrits and tissue mineral levels were 

subjected to analysis of variance and Student-Newman-Keuls 

test of means, using the SPSS analysis program (Nie et al., 

1975). 

Results 

Body weights and feed intakes for the 4 week 

experimental regime are given in Table 14. Hematocrit 

values taken at the end of the 4 week period are also 

given. The body weights ranged from 746 to 834 g, with 

gains from 692 to 773 g. The notable exception was the 

value from the rice bran diet, which at 606 (gain of 543) g 

was significantly lower than the other diets. Feed intake 

was also significantly lower for the rice bran diet at 

364 g per bird, whereas the other intakes ranged from 406 

to 443 g. No diet other than the rice bran diet resulted 

in significantly different body weights or feed intakes. 

There was a significant effect of sex upon body weights, 

with the males being heavier than the females as would be 

expected. The hematocrits (average of 10 birds selected 
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Table 14. Mean body weights and feed intakes from feeding 
experiment. 

Diet Body 1 Feed 2 HCT 3 Number Diet Type weights intakes 

1 Basal 745.5 gb 426.0 b 33.3%a g 

2 Cellulose 782.3b 425.0b 32.0b 

3 \..Yheat bran 769.0b 406.0b 35.3a 

4 Corn bran 834.3b 439.3b 31. 2b 

5 Soy bran 754.0b 436.0b 33.9ab 

6 Oat hulls 826.5b 441. 3b 33.3ab 

7 Rice bran 606.2a 363.7a 31. gb 

8 Basal + minerals 802.7b 443.3b 32. ,_Jab 

-----

l. Means of 18 birds. 

2. Feed intake averages for total int~ke ~er hird 
for 4 weeks. 

3. Hematocrit = % packed cell volume. 

a,b = Values with different letters within columns 
are significantly different at the 0.05 level. 
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randomly) ranged from 31.2 to 35.3%. The average hematocrit 

for birds on the wheat bran diet was significantly higher 

than the values for the birds on the cellulose, corn bran, 

and rice bran diets. The other values were not signifi

cantly different. 

The mean mineral contents (copper, zinc, iron, 

manganese, and magnesium) of the livers are shown in 

Table 15. The values are in micrograms of mineral per gram 

of dry material (i.e., ppm). The mean weights of the livers 

are included in the table. Liver zinc and liver magnesium 

contents were not affected by diet. Zinc levels ranged from 

94 to 115 ppm, while magnesium ranged from 850 to 935 ppm. 

Copper, iron, and manganese were affected by the diet. The 

diets affected the mineral levels differently. The liver 

copper was significantly higher for the cellulose diet than 

for the basal, basal plus supplement, corn bran, and oat 

hulls. The liver copper levels in the basal and basal plus 

supplement were lower than for the cellulose, wheat bran, 

soy bran, and rice bran diets. Liver iron for the rice bran 

diet was significantly lower than the values for oat hulls, 

wheat bran, and cellulose diets. The cellulose diet liver 

iron was significantly higher than the basal, basal plus 

supplement, corn bran, soy bran, and rice bran values. 

Soy bran resulted in significantly higher liver manganese 

than the basal, basal plus supplement, and rice bran diets. 



Table 15. Mineral content of livers and liver weights. 

Diet 
Number Diet Copper Zinc Iron Manganese Magnesium Liver weights 

---------------------ppm--------------------- ------g------

l Basal l3 .l c 94a 499bc 9.lc 925a 5,88a 

2 Cellulose 19.la lOOa 634a 11 oab . ' 
914a 5.16abc 

3 I'Vheat bran 17.lab 115a 524ab lO.labc 89la 5.07abc 

4 Corn bran 14.2bc lOla 446bc 10.4abc 935a 5.38ab 

5 Soy bran 17.0ab 109a 452bc 11. 6a 868a 4.6lbc 

6 Oat hulls 14.3bc 105a 577ab 10. gab 878a 5.47a 

7 Rice bran l6.9ab lOS a 37lc 9.lc 872a 4.49c 

8 Basal + 
452bc 9,8bc minerals 13.8c 99a 850a 5.62a 

a,b,c = Values with different letters within columns are significantly 
different at the 0.05 level. 

I-' 
0 
w 
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All the tibial minerals were affected by diet to 

some degree (Table 16). Tibial copper level for wheat bran 

was significantly higher than all the other diets with the 

exception of basal plus supplement. The levels of tibial 

zinc were greatly affected by diet. The rice bran diet 

resulted in a zinc level significantly lower than all the 

other diets, while the two basal diets resulted in higher 

zinc levels. Tibial iron and manganese on the rice bran 

diet were significantly lower than all other diet types. 

The data showed the rice bran diet consistently resulted 

in lower levels of tibial minerals, whereas liver minerals 

were not affected with such regularity. 

The values from the analysis of the diets for 

protein, ADF, and NDF are given in Table 17. Also included 

is the per cent additional phytic acid supplied by the fiber 

sources. This is a calculated value which does not repre

sent the total phytic acid content as the soybean meal (main 

protein source) contained some phytic acid also. The diets 

were formulated to be 22% protein. There was substantial 

addition of protein from the wheat and rice brans. The 

slightly lower values, 21.8 and 21.5%, for the cellulose 

and oat hulls, respectively, probably represented a small 

dilution effect from fiber addition. The NDF values showed 

that the desired addition of 6% NDF from the fiber sources 

was attained in 4 of the 6 diets. The corn bran added 4.8% 

NDF and the rice bran added 5.3% NDF. The total NDF content 



Diet 
Number 

l 

2 

3 

4 

5 

6 

7 

8 

Table 16. Mineral content of tibias and tibia weights. 

Diet Copper Zinc Iron Manganese Magnesium 

---------------------ppm----------------------

Basal 3.5bc l69ab 202a 3.9b 3764ab 

Cellulose 3.4bc 

Wheat bran 5.6a 

Corn bran 3.3bc 

Soy bran 3.7bc 

Oat hulls 3.9bc 

Rice bran 2.8c 

Basal + 
minerals 4.8ab 

l35c 

153bc 

145c 

l56bc 

l4lc 

108d 

192ab 

170ab 

193ab 

188ab 

l67b 

12lc 

4.3ab 

4.2ab 

4,4ab 

4.5a 

4.3ab 

3.4c 

394la 

374lab 

3806ab 

3537ab 

3787ab 

344lb 

Tibia Weights 

------g------
2.86a 

2.55a 

2.57a 

2,82a 

2.5la 

2.82a 

2.10b 

a,b,c = Values with different letters within columns are significantly 
different at the 0.05 level, 

1-' 
0 
U1 



Table 17. Dietary analysis for protein, ADF, NDF, and 
calculated phytic acid addition (%of diet). 
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Diet Protein AD Fa NDFb Phytic acidc 

1. Basal 23.0 4.2 3.8 

2. Cellulose 21.8 9.5 10.1 0.0 

3. Wheat bran 24.5 6.4 10,0 0,42 

4. Corn bran 22.3 5.2 8.5 0,13 

5. Soy bran 22.6 9.1 9.9 0.06 

6. Oat hulls 21.5 7.3 9.9 0.01 

7. Rice bran 29,7 6,6 9,0 1. 29 

8. Basal + supplement 22.4 4.4 3,6 

aADF acid detergent fiber. 

bNDF neutral detergent fiber, 

cPhytic acid addition--calculated by multiplying % 
phytic acid in the fiber source by the amount of fiber 
source added to the diet, This value underestimates the 
total phytic acid value as soybean meal, main protein 
source, also contains phytic acid, 



range from highest to lowest was only 1.6% for the fiber

added diets. Rice bran addition resulted in a 1.3% addi

tion of phytic acid to the diet. This was three times 

higher than the next highest, which was wheat bran with 

0.42%. 
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Table 18 contains the mineral concentrations in the 

experimental diets. Diet 8, the basal plus mineral supple

ment had 3.5 ppm copper, 83 ppm zinc, and 19 ppm iron more 

than the basal diet. The supplemented basal was supposed to 

have 4 ppm copper, 50 ppm zinc, and 80 ppm iron. The 

difference in iron concentration between the basal and the 

basal plus supplement was not as large as expected. The 

rice bran diet had the highest concentrations of copper, 

zinc, and magnesium of all the fiber-added diets, but was 

the lowest in iron concentration. 

Feed intakes and calculated protein and mineral 

intakes are given in Table 19. Also included are the 

intakes of protein and minerals that would have resulted 

if the diet was formulated to meet the NRC requirements for 

chicks, 0 to 8 weeks old (NRC, 1971). Protein intakes 

were generally just below the requirement, with cellulose 

at 3.3 g/day and rice bran at 3.9 g/day as the extremes. 

Most mineral intakes were well above the requirement with 

the exception of zinc. The only diet above the zinc 

requirement was the basal plus supplement diet. The lower 
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Table 18. Mineral levels in experimental diets. 

Diet Cu Zn Fe Mn Mg 

---------------ppm-----------------

l. Basal 6.2 31.5 607 117 2725 

2. Cellulose 6.4 32.0 638 114 2650 

3. Wheat bran 7.3 45.9 683 127 3370 

4. Corn bran 6.5 32.7 680 117 2740 

5. Soy bran 7.2 34.7 685 133 2860 

6. Oat hulls 9.7 33.8 662 149 2475 

7. Rice bran 10.4 48.1 540 149 4980 

8. Basal + supplement 9.7 114.4 628 108 2400 



Table 19. Calculated intakes of feed and minerals on a per bird per day basis. 

Diet Feed intake Protein Copper Zinc Iron Manganese Magnesium 

---------g---------- -----meg----- -------------mg-------------

1. Basal 15.2 3.5 94 478 9.2 1.8 41.4 

2. Cellulose 15.2 3.3 97 486 9.7 1.7 40.3 

3. Wheat bran 14.5 3.6 105 665 9.9 1.8 48.9 

4. Corn bran 15.7 3.5 102 513 10.7 1.8 43.0 

5. Soy bran 15.6 3.5 112 541 10.7 2.1 44.6 

6. Oat hulls 15.8 3.4 153 534 10.5 2.4 39,1 

7. Rice bran 13.0 3.9 135 625 7.0 1.9 64.7 

8. Basal + 
supplement 15.8 3,5 153 1807 9.9 1.7 37.9 

. a 
Requlrement 3.6 62 775 1.2 0.85 7.7 

a NRC (1971). 
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iron intake for the rice bran diet is evident, but the level 

is still very much above the requirement. 

Discussion 

The birds grew adequately on all diets with the 

exception of those on the rice bran diet. This strain of 

birds has attained total body weights ranging from 719 to 

822 g in past experiments (Weber, 1980). The feed intakes 

were generally normal. The lowered feed intake on the rice 

bran diet was consistent with the lowered body weights. The 

fiber diets did not greatly affect the hematocrit values. 

The range from 31.2 to 35.3% was slightly higher compared to 

values of 30 to 32% found earlier for this strain of bird 

(Weber, 1980). 

The average liver weight on the rice bran diet was 

the lowest value, but it was not significantly different 

from the liver weights on the soy bran, wheat bran, or 

cellulose diets. This suggested that the liver weight was 

not directly dependent on the body weight, as the body 

weight on the rice bran diet was significantly lower than 

any other treatment. This may be an indication of the 

importance of the liver to organismic function, i.e., when 

feed intake is lower, other tissues are sacrificed before 

the liver. Liver copper levels on the fiber-added diets 

were all higher than the controls. This was interesting as 

the basal plus supplement diet had the highest copper level, 
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but resulted in the second lowest liver copper value. Type 

of diet had no effect on liver zinc or magnesium. The liver 

iron level from the rice bran diet was the lowest value of 

all the diets, which may have been a reflection of the lower 

iron content of the diet. This low value was not signifi-

cantly different from the liver iron levels on the soy bran, 

corn bran, basal, and basal plus supplement diets. Liver 

manganese results were similar to those of liver iron. The 

basal and rice bran diets produced the iowest manganese 

levels, but these were not significantly lower than the wheat 

bran or corn bran levels. 

The tibia weights reflected the total body weights 

in that the rice bran diet produced significantly lower 

values for both tibia and body weights. There were no 

significant differences between the other diets. The 

mineral levels were determined on a concentration basis to 

eliminate part of the influence of body w~ight. The rice 

bran diet resulted in the lowest values for all the minerals. 

The zinc, iron, and manganese levels for the birds on the 

rice bran diet were significantly lower than the other diets. 

The wheat bran diet gave a tibia copper level significantly 

higher than most of the other diets, but the calculated 

copper intake on wheat bran was the middle value. Tibia 

magnesium did not follow intakes. Oat hulls and the basal 

plus supplement diets had the lowest intake levels but were 

not significantly different from the other diets. The rice 



bran diet resulted in the lowest manganese level in the 

tibias, but its manganese intake level was the middle 
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value. This suggested that the manganese from the rice bran 

diet was not as available for bone uptake as the manganese 

in other diets. In contrast to the rice bran diet, the 

cellulose diet had one of the lowest intake levels but 

produced a median value for manganese in the tibia. The 

iron intake on rice bran was the lowest and resulted in the 

lowest tibia iron level. This intake level was much higher 

than the NRC requirement (NRC, 1971) and the hematocrit 

values did not indicate iron deficient anemia. 

All the zinc intakes were lower than the require

ment, with the exception of the basal plus supplement diet. 

While diet type did not significantly affect liver zinc, 

there was a strong diet effect on tibia zinc levels. The 

two basal diets had similar tibia zinc levels, even though 

the intakes differed by 1.4 mg per day, The basal diet had 

the lowest value for zinc intake but this was sufficient 

for adequate growth. The tibia zinc levels from the 

cellulose, wheat bran, corn bran, soy bran, and oat hulls 

diets were not significantly different, although the intake 

levels did vary. The rice bran diet zinc intake level was 

higher than those of five other diets, but its tibia zinc 

level was significantly lower than all other diets, The 

zinc was available and present in the liver, but the tibia 

showed reduced zinc deposition. Perhaps the metabolism 



113 

was such that the zinc in the tibia was sacrificed to keep 

liver zinc at a constant level during periods of reduced 

feed intakes. 

The outstanding feature of this experiment was the 

data produced by the rice bran diet. The feed intakes, 

body weights, tibia weights, and concentrations of zinc, 

iron, and manganese ~n the tibias were all significantly 

lower than the values for the other diets. Analysis of 

the diet showed that the mineral levels were all above 

the NRC requirements, with the exception of zinc (but this 

\vas still higher than the basal diet zinc level). Protein 

analysis showed the rice bran diet had the highest protein 

level at 29.7% protein compared to 23% protein in the basal 

diet. The levels of ADF and NDF for the rice bran diet are 

not the highest of all the diets. Rice bran added three 

times as much phytic acid as the next highest phytic acid 

contributor, wheat bran. When the phytic acic-zinc molar 

ratios were calculated for the rice bran and wheat bran 

diets, they were 27:1 (phytic acid:zinc) for the rice bran 

and 9:1 for the wheat bran. Davies and Olpin (1979) fed 

diets to rats which varied from 0:1 to 45:1 (phytic acid: 

zinc}. At the 15:1 ratio and above, there was reduced 

growth. The reduced growth of the chicks on the rice bran 

diet may have been due, in part, to the high phytic acid: 

zinc molar ratio. 
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The levels of fiber sources (total fiber source, not 

actual dietary fiber) added to the diets were not extremely 

high. Rice bran was added at the highest level at 16.7% 

of the diet and the lowest level was 6% of the diet for 

the cellulose. Tsai and Lei (1979) added 8 and 16% cellulose 

to the diets of rats and found no effect on zinc, copper, or 

iron in the tissues. Waldroup et al. (1976} fed broilers 

20, 30, 40, and 50% of the diet as rice hulls. They 

estimated that at 50% level, the dietary fiber was 22%. No 

change in body weights was found at any level, Dvorak and 

Bray (1978) used Solka-Floc at 10, 20, and 30% of the diet 

for chicks and found a linear decrease in body weight with 

increasing fiber levels. Thus the results have been mixed 

depending on fiber source and level in the diet. 

This experiment showed that cellulose, wheat bran, 

corn bran, soy bran, and oat hulls when added at a reasonable 

level to the diet of chicks, do not cause disruptions in 

growth or mineral metabolism. The reasons for the deviation 

of the rice bran from the behavior of the other fiber 

sources can only be speculated on at this point. The high 

phytic acid level may have influenced mineral metabolism 

and led to reduced growth. Another possibility is that the 

chemical composition of the rice bran fiber is greatly dis

similar to that of the other fiber sources. This experiment 

generated numerous directions for further experimentation. 



CHAPTER 6 

SUI>1HARY 

In this project, six dietary fiber sources were 

examined with regard to their abilities to bind copper, zinc, 

and iron. The chemical composition and some of the physical 

properties which influence this binding were also examined.· 

A comparison of the physicochemical properties of residues 

from two fiber isolation techniques were examined as well. 

A chick feeding study was performed to examine in vivo 

effects of dietary fiber sources on tissue mineral levels. 

The dietary fiber sources were wheat bran, corn 

bran, soy bran, oat hulls, rice bran, and cellulose. Their 

abilities to release minerals were highly pH dependent. The 

minerals were released to a large extent at acidic pH, but 

were released to a much smaller degree at a nearly neutral 

pH. When the fiber sources were sequentially treated with 

acidic solution followed by near neutral buffer, the mineral 

concentrations were similar to those observed in the resi-

dues after the near neutral treatment alone. This indicated 

that the minerals were release~ to the solution from the 

fiber sources at acidic pH but then rebound to the fiber 

matrix when the pH was raised to a pH similar to that in the 

intestine. The minerals were released differently from the 
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fiber sources; for example, corn bran released zinc and iron 

but retained copper. The amounts of minerals left in the 

residues after the sequential treatment were compared to 

amounts of chemical constituents. Of the three minerals, 

only zinc showed significant correlations. Amount of zinc 

in the residue.was positively correlated to phytic acid and 

protein content and negatively correlated to NDF and EIR 

content. Protein and phytic acid are digestible components, 

so their influence on binding may be reduced in vivo. 

Fiber isolation techniques reduce the content of 

digestible or soluble components in dietary fiber sources. 

The two techniques used in this project ~ere the neutral 

detergent method and the pepsin-pancreatin enzyme method. 

These methods reduced the protein content in the fiber 

sources. The hydrogen ion buffering capacity is a physical 

property related to the ability of a material to bind 

cations. Hydrogen ion buffering capacities were determined 

for untreated, NDF-treated, and EIR-treated preparations via 

titrations. The treated preparations had lower buffering 

capacities than the untreated. preparation, which indicated 

that some of the digestible/soluble components were deter

mining part of the buffering capacities. The buffering 

capacities for the untreated and the EIR-treated preparations 

had significant correlations to the protein content of the 

residues. The buffering capacities for the NDF-treated 

preparation did not correlate to protein content. 
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The ability of the fiber residues to bind copper and 

zinc was examined using ion exchange column methodology. 

Only wheat bran, soy bran, oat hulls, and cellulose could be 

used because rice bran and corn bran had negative filtration 

characteristics. After exposure to acid, the fiber residues 

from the NDF and EIR treatments were subjected to solutions 

of either copper alone, zinc alone, or copper-zinc in 

combination, at pH 6.8. The excess was washed off and the 

mineral bound to the fiber matrix was recovered in a second 

acid wash. Cation exchange capacities (CEC) were determined 

and ranged from 0.018 to 0.184 meg/g fiber. The fiber 

residues bound more copper than zinc when presented either 

alone or in combination. The EIR-treated and NDF-treated 

residues of wheat bran and cellulose bound similar amounts 

of the minerals. EIR-treated soy bran had a much higher CEC 

value and bound considerably more copper and zinc than did 

the NDF~treated soybran. Oat hulls produced opposite 

results to the soy bran, but the differences were not as 

dramatic. Protein content of the treated residues correlated 

significantly to amount of mineral bound to the NDF-treated 

residues and only when copper or zinc were presented alone. 

Thus, some other chemical constituents, possibly poly

saccharides, were influencing the mineral binding. 

The results of these three in vitro experiments led 

to four conclusions. First, the fibers are very dissimilar 

in their physicochemical properties, including their 
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abilities to bind minerals. One fiber source may be 

beneficial, while another may be detrimental to nutritional 

status. Second, biochemical investigations cannot be per

formed on untreated samples, because of the large influence 

of digestible components on physicochemical properties. 

Third, the fiber isolation techniques do not result in resi

dues of equal composition nor equal physical properties. 

This implies that investigators must be wary of extrapolating 

results obtained with one method to physiological reality. 

Fourth, dietary fiber sources bind minerals, even after 

treatment which removes digestible components. There was 

mineral binding (granted at a very low level) present in 

cellulose, a quite refined fiber product. 

There are many further avenues to follow for 

experiffientation. More compositional information on the 

fiber residues is needed. It is necessary to identify the 

dietary fiber fractions, such as hemicellulose, and specific 

components, such as uronic acids, which are solubilized or 

digested by the fiber isolation techniques. The ion ex

change methodology needs to be repeated with more cations 

and with the minerals in concentrations which occur physio

logically. There should also be kinetic studies of the 

rates of exchange of the cations. 

The chick feeding study examined the effect of the 

dietary fibers on tissue mineral levels. At the levels of 

fiber fed in this experiment (equivalent to an addition of 
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6% neutral detergent fiber), wheat bran, corn bran, soy 

bran, oat hulls, and cellulose did not significantly in

fluence growth or deposition of minerals in livers or 

tibias. Rice bran caused reduction in growth and feed 

intakes, as well as reduced concentrations of zinc, iron, 

and .manganese in tibias. The rice bran diet also contained 

the highest phytic acid to zinc molar ratio, which may have 

influenced the status of the chicks. More work needs to be 

done with graded amounts of the fiber sources up to 30% of 

the diet. Pulse feedings of fiber containing diets, fol

lowed by sacrificin~ the birds at various time intervals and 

isolation of intestinal contents need to be performed. This 

would aid in determining the extent of fiber digestion in 

the small intestine and its inf1·uence on diffusion of 

minerals from the lumen to the intestinal mucosa. 

This research project has pointed out the lack of 

appropriate methodology to determine dietary fiber content 

and to isolate dietary fiber fraction from the diet. The 

in viyo work suggested that the relative contributions of 

fiber and phytic acid to mineral status are still not clear. 

The ability of dietary fiber residues to bind copper and 

zinc was clearly indicated but the implications of this to 

human nutritional status has yet to be elucidated. 



APPENDIX A 

NEUTRAL DETERGENT FIBER METHOD 

Neutral Detergent Fiber Solution 
(NDF Solution) 

Disodium ethylene diamine tetraacetic acid dihydrate 

(EDTA), 186.1 g 

Sodium borate decahydrate, 68.1 g 

Sodium lauryl sulfate (SLS), 300 g 

2-Ethoxy ethanol, 100 ml 

Disodium hydrogen phosphate, 45.6 g 

Place the EDTA and borate in large beaker (2 1). 

Add some water, about 1.5 1. Heat until mixture dissolves. 

Pour into 1 liter graduated cylinder for measurement, then 

pour into large aspirator bottle. Place SLS in same large 

beaker and add more water, then heat to dissolve. Add the 

2-ethoxy ethanol to the beaker. Again measure via graduated 

cylinder, Add phosphate to a 1 liter beaker, add 800 ml 

water and heat to dissolve. Pour into cylinder and add 

water up to a liter. Continue adding water to rinse beakers 

and measuring into graduated cylinder to make final volume 

10 liter. 

Caution: Sodium lauryl sulfate will precipiate out 

of solution if temperature drops below l5°C. In this case, 
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stir solution, remove about 3 liters into an erlenmeyer 

fla'sk, and heat. When precipitate dissolves, pour back into 

large bottle. Repeat until solution is free of precipitate. 

Procedure 

1. Weigh accurately 3.0 g of air-dried sample into 600 

ml beaker. Add 100 ml NDF solution, 2 ml deca

hydronapthalene, and approximately 0.5 g sodium 

sulfite, anhydrous. 

2. Place beaker on reflux apparatus. Heat to boiling 

and gently reflux for 60 min after boiling has 

begun. Swirl occasionally. 

3. Transfer solution from beaker to 250 ml polyethylene 

centrifuge bottle. Rinse with deionized water and 

pour rinse into bottle" also. Centrifuge at 5000 

rpm for 10 min. 

4. Decant supernatant through tared, dried, scintered 

glass crucible, coarse pore, under suction. 

5. Add 100 ml of near boiling water to bottle. Swirl 

to resuspend pellet. Centrifuge at 5000 rpm for 

7 min. 

6. Repeat twice with hot water. On last wash, decant 

most of wash through crucible then wash residue 

completely into crucible. 

7. Add 50 ml acetone to filter and stir residue. Re

move acetone via suction and repeat. 
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8. Remove crucible and place in 50°C oven overnight. 

Remove directly to desiccator and cool completely. 

Then weigh accurately to 0.0001 g. 

Calculation 

% natural detergent fiber = 

residue weight 
X 100 sample weight 

Modification for Batch Procedure 

Use 15 g sample of fiber source and place in 2 l 

round bottom flask. Add 750 ml NDF solution, 15 ml deca-

hydronapthalene, and 3.5 g sodium sulfite. Reflux one hour. 

Divide solution into centrifuge bottles. Spin 10 min at 

5000 rpm. Decant supernatants into waste beaker. Wash 

three times with nearly boiling water, centrifuge and decant 

supernatants as before. Add acetone to bottles, swirl to 

suspend pellet, and centrifuge. Decant supernatants into 

waste beaker and repeat with acetone. Remove residues from 

bottles and place on evaporating dish to dry. 



APPENDIX B 

ENZYMATIC INDIGESTIBLE RESIDUE METHOD 

Solutions 

0.2 N HCl: Add 16.7 rnl concentrated HCl to a liter 

volumetric flask containing about 400 rnl water. Swirl to 

mix. Add water to just below neck of flask, then let cool. 

When cool, add water up to mark and mix. 

0.1 N sodi urn phosphate buffer, pH 6. 8: For 1 

liter, weigh 6.21 g NaH 2Po 4 ·H 20 and 14.74 g Na 2HP0 4 ·7H 2o 

into a 1 liter beak2r. Add 700 rnl deionized water. Heat 

and stir until solids dissolve. Add ~ater to total approxi-

rnately 900 ml. Adjust pH if necessary with 4 N HCl or 

4 N NaOH, to equal 6.~. Transfer solution to 1 liter 

volumetric flask. Rinse beaker with small amounts of water 

and add to flask. When solution is completely cool, add 

water up to mark and mix. 

Procedure 

1. Weigh accurately 3.0 g of air-dried sample into 

250 rnl polyethylene centrifuge bottle. 

2. Add 50 ml 0.2 N HCl and 50 ml deionized water. Add 

150 rng pepsin (Sigma Chemical co., St. Louis, MO). 

Swirl to suspend all material. 
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3. Place in shaker-water bath at 40°C for 18 hrs. 

4. Remove bottles. Adjust pH to near 6.8 4 N NaOH 

using a pH meter to monitor. Proceed carefully to 

avoid large overshoots of pH. 

5. Add 50 ml 0.1 N phosphate buffer, pH 6.8 .. Add 100 

mg pancreatin (Pfaltz-Bauer, Inc., Stamford, CT) 

and 300 mg sodium lauryl sulfate (Sigma Chemical 

Co.). Swirl to suspend and mix solids. 

6. Replace bottle in shaker-water bath at 40°C for 1.5 

hrs. 

7. Remove and lower pH to 4.5-5.0 with 4 N HCl. 

Monitor with pH meter. Let stand 15 min at least. 

Swirl occasionally. Then raise pH to 6.8 with 

4 N NaOH. 

8. Centrifuge at 5000 rpm for 10 min. Decant super

natant through tared, dried, scintered glass 

crucible, coarse pore. Add deionized water, ambient 

temperature, to bottle, and resuspend pellet. 

Centrifuge 7 min at 5000 rpm. Repeat twice more 

with water. 

9. After last water wash, add acetone to bottle. Swirl 

to suspend pellet. Centrifuge 7 min at 5000 rpm. 

Decant through crucible. Then wash residue into 

crucible with more acetone. Rinse bottle with 

acetone and add rinse to crucible. 
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10. Place crucible in 45°C oven overnight. Remove and 

cool in desiccator. Weigh accurately to 0.0001 g 

when completely cool. 

% EIR 

Calculation 

residue weight 
sample weight X 100 



APPENDIX C 

DRY ASH PROCEDURE FOR MINERAL DETERMINATION 

1. Acid wash clean 250 ml Vycor beaker in nitric acid 

solution (125 ml concentrated nitric acid per liter) 

for at least 4 hours. 

2. Remove from acid bath and rinse 3 times with running 

deionized water. 

3. Air dry. Final dry in 100°C oven for 2 hours. 

Remove. Desiccate until cool. 

4. Weigh beaker accurately to 0.0001 g. Place sample 

in beaker and weigh again to 0.0001 g. 

5. Place beakers in cool muffle furnace. Set tempera

ture at 200°C. Allow oven to come to 200°C and hold 

for at least 1 hour. Then reset temperature to 

450°C and hold overnight. 

6. Turn furnace off in morning and cool slowly. Remove 

beakers. Add 10 ml concentrated nitric acid to each 

and place on hot plate. Heat to dissolve ash and 

continue until nitric acid has been completely 

evaporated. 

7. Replace beakers in furnace. Re-ash overnight at 

450°C. 
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8. Turn furnaceoff and cool. Remove beakers and place 

directly into a desiccator for complete cooling. 

9. Weigh beakers accurately to 0.0001 g. 

10. Dissolve ash in a small amount of 6 N HCl. Quanti

tatively transfer solution to appropriately sized 

volumetric flask. Rinse beaker with 5% HCl and 

transfer to the flask. Continue washing for at 

least 3 times. Raise volume in flask to the mark 

after several hours with 5% HCl. 

11. Transfer solution in volumetric flask to acid washed 

snap-cap vials. Dilute if necessary with 5% HCl or 

for calcium and magnesium 5% HCl with 1% lanthanum 

oxide. 



APPENDIX D 

COPPER, ZINC, AND IRON LEVELS IN RESIDUES 
FROM pH INCUBATIONS (6 REPLICATES) 
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Fiber Source Treatment 
\_. 

Copper Zinc Iron 

Wheat bran pH 0.65 0.22±0.22 
2 

30.53± 3.81 80.43± 4.51 
pH 6.8 13.15±0.47 109.98± 2.69 177.98± 11.75 
sequential 13.05±0.71 122.87± 7.89 161.72± 9.42 

Corn bran pH 0.65 0.34±0.05 2 3.57± 0.53 15.25± 6.422 
pH 6.8 3.52±0.67 26.17± 1. 24 70.24± 5.14 
sequential 4.18±0.65 27.33± 2.29 ·37.97± 10.49 

Soy bran pH 0.65 2.38±0.58 13.10± 1. 26 359.67± 45.71 
pH 6.8 5.98±1.22 37.37± 1. 55 458.97± 21.97 
sequential 5.20±0.74 32.72± 3.40 329.97±115.27 

Oat hulls pH 0.65 9.17±1.16 9.53± 1.142 149.90± 18.272 
pH 6.8 32.70±7.30 33.60± 4.35 220.60± 53.881 
sequential 31.18±5.94 32.17± 5. 77 55.30± 21.09 

Rice bran pH 0.65 0.08±0.082 18.03± 2.712 67.90± 15.672 
pH 6. 8 4.82±0.62 78.40± 5.39 151. 34± 18.53 
sequential 7.28±0.42 111.32±10.82 175.18± 8.29 

Cellulose pH 0.65 0.36±0.15 2 0.53± 0.13 1 70.63± 15.26 
pH 6.8 1. 97±0. 65 0.68± 0.17 119.25± 5.61 
sequential 3.28±0.77 2.45± 0.46 117.08± 8.95 

1 Only 4 replicates. 

2 Only 5 replicates. 



APPENDIX E 

LOGISTIC CURVE PARAMETERS FOR TITRATION CURVES 

Treatment Fiber A B c D -
Untreated Wheat bran .0414 -.2065 2.350 11.004 

Corn bran. .0189 -.1236 1. 841 10.350 
Soy bran .0180 -.1483 2.671 11.189 
Oat hulls .0022 -.0720 2.381 10.602 
Rice bran .0634 -.3409 2.607 12.064 
Cellulose -.0036 -.0120 2.321 10.584 

Enzyme Wheat bran -.0349 -.1404 2.073 12.466 
Corn bran -.0201 -.0373 2.488 10.511 
Soy bran -.2096 -.1401 2.381 30.904 
Oat hulls -.0143 -.0212 2.421 10.518 
Rice bran -.0070 -.0793 2.441 11.351 
Cellulose -.0075 -.0125 2.435 10.831 

Neutral detergent h'heat bran -.0063 -.0565 2.472 12.796 
Corn bran -.0562 -.0947 2.233 11.333 
Soy bran .1607 -.1366 2.172 26.650 
Oat hulls .0081 -.0419 2.397 14.811 
Rice bran -.0136 -.0921 2.257 12.944 
Cellulose -.0077 -.0103 2.327 10.803 
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APPENDIX F 

PER CENT OF CEC UTILIZED BY MINERALS AND ITS ARCSIN 
SQUARE ROOT TRANSFORMATION 

Solution 

Copper alone 

Zinc alone 

- Solution 

Copper-Zinc 
combination 

Treatment 

NDF 

EIR 

NDF 

EIR 

Fiber Source 

Wheat bran 
Soy bran 
Oat hulls 
Cellulose 

Wheat bran 
Soy bran 
Oat hulls 
Cellulose 

1\Theat bran 
Soy bran 
Oat hulls 
Cellulose 

1\Theat bran 
Soy bran 
Oat hulls 
Cellulose 

% CECa 

98.3 
49.2 
34.5 
60.7 

91.3 
60.8 
71.7 
65.0 

70.8 
42.6 
25.0 
28.2 

58.8 
51.8 
51.2 
26.2 

Copper 

Treat
ment 

NDF 

EIR 

Fiber 
Source 

Wheat bran 
Soy bran 
Oat hulls 
Cellulose 

Wheat bran 
Soy bran 
Oat hulls 
Cellulose 
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% 
CEC 

81.7 
41.3 
59.7 
62.6 

71.2 
45.6 
82.1 
59.5 

Arcsin 
r 

64.7 
40.0 
50.7 
52.3 

57.6 
42.5 
65.8 
50.7 

Arcsin 1-

83.1 
44.5 
36.0 
51.0 

% 
CEC 

43.8 
23.3 
31.5 
17.5 

34.2 
29.0 
34.6 
24.6 

72.9 
51.2 
57.8 
53.7 

57.2 
40.7 
30.0 
32.0 

50,2 
46.0 
45.6 
31.0 

Zinc 

Arcsin 
.,~-

41.5 
28.4 
34.2 
24.8 

35.7 
32.6 
36.0 
26.3 
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