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In the field of nutrition, complex carbohydrates have 

become increasingly important in the last decade. The fiber 

fraction of foods has been implicated as modifying the 

etiology of several chronic diseases and the starch fraction 

is important with respect to the glycemic index of foods. 

This study has focused on the complex carbohydrate fraction 

of three cereal brans: barley, oat, and wheat. 

Compositional analyses of each of the brans, untreated and 

following simulated processing, were done by adaptations of 

the methods of the Association of Analytical Chemists 

(1990). Analyses for moisture, fat, ash, protein, starch, 

total dietary fiber, and beta-glucans are reported. Oat and 

barley brans had similar compositions, but both differed 

substantially from the wheat bran preparation as summarized 

below. Oat and barley brans had total dietary fiber 

contents of approximately 17% and 20% of the dry weight, 

respectively. Wheat bran contained approximately twice as 

much total dietary fiber (38%).  The beta-glucan fraction of 



the total dietary fiber was similar for the barley (29%) and 

oat (28%) brans, but wheat bran had negligible quantities of 

beta-glucans. The starch content of the brans ranged from a 

low of 21% for wheat bran to a high of 55% for barley bran. 

Simulated in vitro digestion studies using pancreatic enzyme 

preparations suggested that the starch fraction of oat and 

barley brans is readily broken down within the small 

intestine. Greater than 75% of the starch component of oat 

bran was solubilized or digested within the first hour of 

enzyme exposure. Extended digestion periods reduced the 

starch content of the insoluble bran to less than 10% of its 

original value. This result suggests that less than 10% of 

the starch fraction of oat bran may enter the large 

intestine as a substrate for microbial fermentation. 
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Composition and in vitro  Digestion 

of Barley, Oat, and Wheat Brans 

INTRODUCTION 

Barley is currently underutilized, as compared to oats 

and wheat, as a part of the human diet. Oats, and oat bran 

in particular, have been of particular interest due to its 

large soluble fiber content. Early studies of oat bran 

linked oat bran consumption to lowering of serum cholesterol 

levels (Kirby et al., 1981). Further work has established 

oats as a standard in the area of fiber research. Barley 

has been found to be similar to oats in composition and has 

also been shown to have a hypocholesterolemic effect 

(Newman, Lewis, Newman, Boik, & Ramage, 1989). Wheat bran, 

containing little soluble fiber and not associated with 

hypocholesterolemic effects (Lupton & Yung, 1991; Shinnick, 

Mathews, & Ink, 1991), was compared to oat and barley brans. 

The fiber of cereal grains is concentrated in the outer 

portion of the kernel; thus the bran is the milling fraction 

of interest. Bran is usually consumed (by humans) as an 

ingredient in a cooked or baked product, whereas when added 

to animal feed, the bran is in a raw (uncooked) state. The 

difference in the starch structure, gelatinized or 

ungelatinized, caused by the cooking may affect its 

digestibility (Englyst & Cummings, 1987).  It is important 



to establish which bran, gelatinized or ungelatinized, is 

appropriate for use in research. 

The composition of a food is important to both the 

consumer and the researcher. Protein is important for 

muscle growth; lipid is important for cholesterol metabolism 

and energy storage; and ash includes the essential minerals. 

Carbohydrate includes simple sugars as well as both starch 

and fiber. Starch is one of the main sources of energy and 

is important in the regulation of diabetes mellitus. 

Increased fiber consumption has been linked to decreased 

risk of cancer (Statland, 1992), decreased serum cholesterol 

levels (Demark-Wahnefried, Bowering, & Cohen, 1990; Newman, 

Lewis, Newman, Boik, & Ramage, 1989), and improved serum 

glycemic control in those with diabetes mellitus (Anderson, 

Gustafson, Bryant, & Tietyen-Clark, 1987). The National 

Research Council as well as the U.S. Department of 

Agriculture's Department of Health and Human Services (HHS) 

recommend increased consumption of whole grains and cereal 

products to increase the fiber intake (NRC/NAS, 1989; HHS, 

1988) . The digestibility of a food is dependent upon its 

composition. The compositional analyses of the brans are 

discussed in Chapter 1. 

In order to further characterize a food, a simulation 

of the digestive process is important. The nutritive value 

of a food is the result of not only the total content of 

particular nutrients, but also of their availability. 

Starch, protein, and fiber were the main components of 



interest in the brans. An in vitro model was developed to 

estimate the digestion of each of these fractions during the 

stomach and small intestinal transit. Initial studies 

indicated the importance of model parameters and assay 

techniques in assessing the behavior of the starch fraction 

in the brans. Consequently, the main focus of Chapter 2 is 

the solubilization or degradation of the starch fraction of 

oat and barley brans in a simulated gastric environment. 



LITERATURE REVIEW 

INTRODUCTION 

Cereals, named after the Roman goddess of grain, Ceres, 

have been the mainstay of people•s diets for centuries. The 

relative abundance and nutrient contribution of cereals have 

caused them to play a prominent role in the diets of those 

with a limited income. Although cereal consumption has 

decreased to a low level in the developed countries in 

Europe and North America, in the developing countries, over 

two thirds of the calorie and protein intake is based upon 

cereals. In the United States (US) wheat has long been the 

traditional cereal grain. Worldwide annual wheat production 

in 1982/1983 was 438 million metric tons, 28% of total 

cereal grain production (Pedersen, Knudsen, & Eggum, 1989). 

As the numbers indicate, cereals hold a very important place 

in many people's diet. 

The US has unparalleled cereal production growth rates 

as compared to the rest of the world. Until the 193 0s this 

growth was attributed to the increased settlement of the 

country. For the last 50 years the cereal yields have 

increased while the area of cultivation has decreased.(Weber 

& Ehlers, 1990) More than 70 percent of the total 

cultivated land in the world is used to grow cereal crops 

(McWilliams, 1985). 

The major cereal grains are wheat, rice, and corn. 

Barley, sorghum, millet, oat, rye, and triticale are minor 



grains produced worldwide, but are significant in some 

regions (Pedersen et al., 1989). Although all of the 

cereals are important in one area or another, only wheat, 

oat, and barley will be discussed here. A general 

description of each of these three grains will be given, 

followed by common uses and characteristics of each bran. 

DESCRIPTION OF WHEAT, OAT, AND BARLEY 

Wheat 

Wheat is the largest cereal grain crop in the world. 

The three most important species for production and food use 

are common wheat (Triticum vulgaris), durum wheat (T. 

durum),  and club wheat (T.     compactum). Common wheat 

comprises by far the largest group of the grains, and has 

cultivars adapted to a wide range of climatic conditions. 

Wheat is grown throughout the world in the major producing 

areas of North and South America, Europe, Russia, China, 

Mediterranean countries, and Australia (Pedersen et al., 

1989) . Durum wheat is grown in a much smaller quantity than 

common wheat. Thirteen counties of northeastern North 

Dakota produce about 85 percent of the durum wheat grown in 

the US. The remainder is mainly from Minnesota and Montana 

(McWilliams, 1985). Club wheat is grown commercially in the 

Pacific Northwest of the US and in certain areas of the Near 

East, especially in Turkey. The main exporters of wheat are 

the US, Canada, and Australia, and in recent years, France 

(Pedersen et al., 1989). 



Wheat is a major contributor to the food supply in the 

world. Approximately 25% of the total calories consumed in 

the world in 1982 came from wheat (Pedersen et al., 1989). 

Wheat's pleasant flavor, extensive shelf-life, and unique 

properties due to the gluten-forming proteins make it an 

attractive food source. In many parts of the world wheat 

has replaced coarser cereal grains. The traditional cereals 

of Northern Europe (rye, barley, and oat) have largely given 

way to wheat as a dietary grain (Pedersen et al., 1989). 

As a food source, wheat is commonly used in breads and 

confectionery baked goods. In general, wheat is not usually 

consumed in the form in which it is grown. In different 

parts of the world it is processed to various extents. 

Although leavened bread is the principal form in which wheat 

is eaten, there is a considerable consumption of other wheat 

products. Durum wheat is used primarily in spaghetti, 

macaroni, and other pasta products, and in unleavened bread 

(Pedersen et al., 1989). Pasta variations include green, 

brown, and orange noodles. The green noodles feature 

spinach as an added ingredient. There is a trend toward the 

use of fresh pastas rather than dehydrated products. 

Refrigerated fresh pastas are available in many markets, and 

pasta makers are becoming a popular home appliance in the US 

(McWilliams, 1989). 

In India and Pakistan wheat is generally eaten as 

chapati, flat unleavened pancakes. Bulgur is a traditional 

wheat product of Western Asia and North Africa.  Bulgur is 



typically made by boiling whole wheat grains until soft, 

then allowing them to dry in the sun. The coarse bran 

particles are removed by sprinkling with water and rubbing 

the particles off by hand. The grain is then cracked 

between stones or in a hand mill. The cracked kernels are 

steamed or boiled prior to consumption (Pedersen et al., 

1989) . Popular in Middle Eastern cuisines that are gaining 

popularity in the US, bulgur is becoming a substitute for 

rice or potatoes. The chewy texture and nutlike flavor are 

unique (McWilliams, 1989). 

In the US wheat is being purchased increasingly in 

baked products and ready-to-eat cereals rather than in flour 

or cereals which require cooking. Wheat is used in both hot 

and cold cereals. Farina, a traditional hot cereal, is made 

of small pieces of the endosperm of wheat and contains no 

bran. Rolled wheat can be bought as wheat flakes for use as 

a ready-to-eat cereal or as an ingredient in baked products 

and casseroles (McWilliams, 1989). 

Wheat Bran 

The aleurone layer is botanically considered the outer 

part of the endosperm, but grain millers regard it as part 

of the bran. Bran from a commercial mill contains the outer 

structures or the kernel from the aleurone layer outward. 

The diagram in Figure 1 illustrates the layers of a wheat 

kernel. The aleurone layer is usually one cell thick and 

almost completely surrounds the kernel over the starchy 



endosperm and germ. The aleurone is rich in nutrients, 

containing not less than 80 percent of the niacin in the 

grain, and a large portion of the other B vitamins. The 

high protein content (about 15 percent of the total kernel 

protein) is of a high biological value. In addition 60 

percent of the minerals (magnesium, iron, zinc, and copper) 

are in this layer. Bran is the milling fraction containing 

these outer layers of the kernel (Pedersen et al., 1989). 

Wheat bran is the main by-product of wheat grain 

milling and grinding of flour. It has long been used as a 

component of animal feeds. The bran consists of 

approximately 25 percent of the whole grain and amounts to 

millions of tons annually. Due to the high nutrient content 

and to better understanding of the nutritive and 

physiological possibilities of wheat bran, new areas of 

utilization in human foods have been found. These uses 

include incorporation into baked goods (breads, muffins) and 

many cereal products (Bartnik & Jakubczyk, 1989). Red and 

white wheat brans are used for bran flakes and other bran 

cereals. Both varieties perform equally well in most 

processes; the choice is a matter of availability, cost, and 

the exact appearance of the desired finished product. Uses 

for this by-product of the flour milling industry are still 

being created (Caldwell & Fast, 1990). 

Relatively few publications present the composition of 

the wheat bran fraction as a whole (Brillouet & Mercier, 

1981;  Farell,  Ward,  Miller,  &  Lowett,  1967;  Fellers, 



Shepherd, Bellard, & Mossman, 1966; Fellers, Shepherd, 

Bellard, Mossman, & Waserman, 1968; Kunerth & Youngs, 1984; 

Waggle, Lambert, Miller, Farrell, & Deyoe, 1967). Most 

publications present studies concerning only one or a few 

components. 

Wheat bran has relatively high protein, vitamin, and 

mineral contents. Due to the fact that bran is not a 

standardized product. The chemical composition depends upon 

the species and variety of the grain, kernel size, shape, 

maturity, size of the germ and thickness of the outermost 

layer, length of time and conditions of grain storage, grain 

conditioning prior to milling, and the milling itself. 

Ranges for nutrient components of wheat bran are: 7 to 14% 

moisture, 12 to 18% protein, 3 to 6% fat, 7 to 30% starch, 

20 to 60% fiber, 3 to 9% ash, and up to 6% sugars (Bartnik & 

Jakubczyk, 1989). Approximately 80 percent of the wheat 

bran carbohydrates are fiber. 

The term, dietary fiber, has come to refer to the food 

components which are not digested by enzymes in the 

intestinal tract, although some may be partly degraded by 

human colonic bacteria. There are two generally accepted 

definitions of dietary fiber. Southgate (1982) and 

Southgate et al. (1978) define dietary fiber as "the sum of 

lignin and polysaccharides that are not digested by the 

endogenous secretions of the human digestive tract". 

Trowell (1976) defines dietary fiber slightly differently as 

"the  remnants of vegetable cell walls which are not 
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hydrolysed by the alimentary enzymes of man". The total 

diet, including synthetic fibers like modified celluloses, 

should be included as dietary fiber; the definition should 

not be restricted to only plant materials. 

Oat 

Oats have been cultivated since about 2,000 B.C. Over 

75 percent of the world crop consists of cultivars of Avena 

sativa ("white oats") or A. byzantina ("red oats"), which 

are either spring or winter crops depending upon the growth 

location and climate (Caldwell & Fast, 1990). 

The largest portion of the world crop is grown in 

Russia, followed by the US, Germany, Poland, and Canada. 

Most of the US oats are grown in the upper Midwest, 

specifically North and South Dakotas, Minnesota, and 

Wisconsin. From 1980 to 1988, 63 percent of the total US 

oat production came from these four states (Caldwell & Fast, 

1990) . The rest of the oats grown in the US are along the 

northern tiers of states, from Nebraska to Pennsylvania and 

New York, plus Texas (McWilliams, 1989). 

The majority (60%) of the US oat crop never leaves the 

farm, being harvested for feed use or as a forage crop. The 

other 40 percent is harvested and distributed approximately 

equally to human food and to the racehorse trade (Caldwell, 

& Fast, 1990). Uses of oats for human consumption include 

fermentation substrates for alcoholic beverages and 

incorporation into breakfast cereals and baked products. 
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Oats can be flaked, ground into meal, or milled into flour. 

Oatmeal is now available in either a short or long-cooking 

time form. 

Oats and barley differ from wheat in that they are 

shipped from the farm "covered" (with intact hull). This 

necessitates removal of the hull as the first milling step, 

prior to separation of the kernel into bran, endosperm, and 

germ. The process of removing the hull is difficult and is 

done only minimally in milling operations (Caldwell, & Fast, 

1990) . This additional required step in processing may be 

one reason that only 20 percent of the crop is used as human 

foodstuffs. 

Oat Bran 

Oat bran foods have been in high demand for almost a 

decade since J.W. Anderson inspired the nation into an oat 

bran craze. Oat bran cereals such as Post Oat Flakes, 

Kellogg's Cracklin Oat Bran, Common Sense Oat Bran, Oat Bran 

Options, Nutrific Oatmeal Flakes, Post Oat Flakes, General 

Mills Cheerios, and Honey Bunches of Oats fill supermarket 

shelves. Sales of oat bran cereals rose to $247 million in 

1989, up 240 percent from 1988. Over 300 food items contain 

oat bran, including everything from oat bran bread, muffins, 

pretzels, popcorn, cookies, and potato chips to oat bran 

beer, waffles, and licorice (Miller, Tsiantian, Springen, 

Hager, & Robins, 1990). In addition, oat bran is now Being 

used to make beta-glucan concentrates.  These concentrates 
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may be used as animal fat substitutes in foods ranging from 

milkshakes, frozen desserts, cheese, and gravies to 

mayonnaise and cookie fillings (ACS, 1992; Raloff, 1990). 

There appears to be no shortage of oat bran products today. 

Oat bran, like wheat bran, has a high protein and fiber 

content. Hudson, Chiu, and Knuckles (1992) reported that 

oat bran has 9% moisture, 23% protein, 66% carbohydrate, 19% 

total dietary fiber (TDF) , 7% fat, 4% ash, and 9% beta- 

glucan. The high protein content is important in 

populations in which cereals are the staple of the diet. 

Oat bran contains more soluble fiber and beta-glucan than 

wheat bran. Beta-glucan is the fiber that has been found to 

be at least partially responsible for the oat bran 

hypocholesterolemic effect in man and animals (Chen, 

Anderson, Braaten, Cave, Scott, & Vachon, 1981; Demark- 

Wahnefried, Bowering, & Cohen, 1990; Fadel, Newman, Newman, 

& Barnes, 1987; Klopfenstein & Hoseney, 1987; Newman, Lewis, 

Newman, Boik, & Ramage, 1989; Newman, Newman, & Graham, 

1989; Wood, Anderson, Braaten, Cave, Scott, & Vachon, 1989). 

This soluble fiber and its physiological effects will be 

discussed in detail later. Vollendorf and Marlett (1991) 

found that 35 percent of the oat bran fiber is soluble. 

Barley 

The barley plant is the most adaptable of all cereals 

and can thus thrive in a greater range of climates than any 

other cereal.  The climate will affect the yield however. 
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Researchers in Czechoslovakia (Jurca, 1989) found that 

changes in yield (and thereby return) were more influenced 

by climatic conditions than by the level of production 

intensification or by the cultivation method used. Analysis 

of the statistical and economic indices revealed that spring 

barley grows best (highest yields and returns) in the warm 

lowland areas of Czechoslovakia (Hruby, 1989). This is due 

not only to climate differences, but to the increased 

production costs plus the decreased labor productivity in 

the upland and hill regions. 

The world production of barley in 1989 was 169.68 

million metric tons. The top producers are the Soviet Union 

(49.50 million metric tons) followed by Canada (11.67 

million metric tons) then France (9.84 million metric tons) 

and Germany (9.72 million metric tons) (USDA, 1990). 

Barley ranks sixth in total planted acreage of the US 

grain commodity (McBride, Ali, & Pelly, 1990). Within the 

US, 60% of the production of barley is in the Northern 

Plains region and 20% in the Northwest area. Whereas maize 

(corn) is grown in the humid corn belt states, wheat and 

barley are concentrated in the semi-arid and northern 

regions (McBride et al., 1990; Weber & Ehlers, 1990). The 

top five barley growing states in the US, in order, are: 

North Dakota, Montana, Idaho, Minnesota, and Washington 

(Hoffman, 1990). 

Based  on  the  1987  FAO  (Food  and  Agriculture 

Organization) world study,   Somel (1989) proposed barley 
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production trends for 19 countries (Afghanistan, Algeria, 

Cyprus, Egypt, Ethiopia, Iran, Iraq, Jordan, Lebanon, Libya, 

Morocco, Pakistan, Saudi Arabia, Sudan, Syria, Tunisia, 

Turkey,  Yemen Arab Republic,  and People's Republic of 

Yemen).  By the year 2000 the barley yields are expected to 

rise 24% with production increasing with expansion of 

cultivating area.  However, the demand is predicted to grow 

at a faster rate than the production,  resulting in a 

widening deficit. 

Barley is commonly used as either an animal feed or a 

human food. In the late 1970s approximately half of the 

world's barley crop was used as livestock feed, and the 

other half was used in malting and other human food. More 

than 10% of the non-feed barley was used in beer-making 

(Anonymous, 1990). Some cultures have a prejudice against 

barley, viewing it as only pig slop or not fit for humans. 

This is not true and barley could be used to feed more of 

the world's population if the stigma could be overcome. 

Cattle, sheep, goats, pigs, horses, and poultry are all 

consumers of barley feed. Blended cereals (may incorporate 

barley with other grains) are given to game-birds, fish, 

fur-bearing animals, and pets. Animal diets may include 

barley grain, by-products of barley processing, hay, straw, 

or whole-crop silage (Briggs, 1978). 

The high carbohydrate and moderate protein composition 

of barley makes it a good source of nutrients. Its nut-like 

flavor makes the taste unique from other grains.  The lack 



15 

of gluten does not allow for proper rising in yeast-bread, 

but barley is commonly used to make flat breads (Anonymous, 

1990) . The Pakistanis use barley in some of their flat 

breads, and Khan and Eggum (1978) found that the use of 

barley flour only slightly decreased the protein quality (as 

compared to wheat flour) while maintaining an acceptable 

product. 

Barley may be blocked, pearled, flaked, or milled into 

flour for human consumption. Blocking is a mild form of 

pearling; in blocking the husk of covered barley and part of 

the seed coat is removed by abrasion — the seed coat and 

part of the bran are removed in pearling. Flaked or pressed 

barley is made by steaming pearled barley then flaking on 

large smooth rolls (Newman & McGuire, 1985). 

Barley may be roasted to produce a coffee or tea 

substitute. The production of this soluble cereal coffee 

increased more than ninefold between 1956 and 1964, but has 

since decreased due to the lowered cost of natural coffee. 

The coffee was also very popular when introduced in Poland 

in the early 1970s. It is reported to have a pleasant taste 

and high instant properties (Pazola & Cieslak, 1979). The 

Japanese have mugi-cha, barley-tea (Briggs, 1978). 

The major use of barley in the food industry is in 

malting and beer-making. Forms of malted milk and malt 

extracts are available, but the main use of malted barley is 

in beer. The grain is soaked in water, allowed to germinate 

and to grow for four to twelve days, dried, and separated 
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from the accompanying rootlets. In this process the 

endosperm becomes fully friable so that when crushed, the 

contents of the grain are available for degradation — in 

particular, the fermentable sugars. The last step is to dry 

the germinated grain in a hot air stream. Adjustment of 

this step allows production of lightly browned malts for the 

pale beers or of darker colored malts for the dark beers or 

stouts. Distinctive flavors can also be imparted by control 

of the kilning process (Pollack, 1962). 

Barley Bran 

Breakfast cereals use barley — flours, brans, puffed 

or extruded barley pastes. Barley is used as porridges, in 

soups, as a rice extender, in special diets for infants or 

the elderly or those with wheat allergies (celiac disease 

victims), and in milk puddings (Briggs, 1978) . Sprouted 

barley, barley starch, and sweeteners made from barley 

starch are available. Barley can be malted for use as a 

flour supplement and in malted milk beverages, or made into 

syrups for baking, breakfast cereal, and candy production 

(Newman & McGuire, 1985). 

Relatively little literature concerning barley bran's 

composition exists today (Briggs, 1978; Newman & Newman, 

1991; Newman & McGuire, 1985; Price & Parsons, 1979). 

Unlike wheat, barley is not usually milled into flour and 

other fractions. The composition of barley bran differs 

greatly  with  variety,   growing  conditions,   storage 
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conditions, and milling procedure. Newman & Newman (1991) 

reported the composition of a waxy hulless barley bran. The 

bran was 14.8% protein and 16.3% TDF, with 8.4% beta-glucan. 

NUTRITIONAL IMPACT OF BRAN 

Influences of Dietary Fiber on Lipid Metabolism 

Considerable interest is currently focused on the 

beneficial effects of dietary fibers known to decrease 

plasma lipid levels in man and in animals (Madar & Odes, 

1990). Anderson, Story, and Sieling (1984), Hagander, Asp, 

and Efendic (1988), and Vigne, Lairon, and Borel (1987) have 

shown that the acute effect of bran on lipid parameters 

differed, depending upon the type of bran ingested. Studies 

using wheat bran showed that mean plasma cholesterol was 

moderately reduced or remained unchanged. Oat bran, 

however, has been found to repeatedly lower plasma 

cholesterol (Vigne et al., 1987; Jenkins, Jenkins, & 

Wolever, 1986; Taylor, 1984). This difference may be 

attributed to oat bran's soluble beta-glucan content. 

Characteristics of Beta-glucan 

Beta-glucans are branched polymers of glucose units. 

The primary chain is linked beta-(1-4) in the manner of a 

cellulose chain, but beta-glucans tend to have lower 

molecular weights.  The beta-(1-3) linkages are the branch 
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points.  The ratio of beta-(1-4) links to beta-(1-3) links 

is about 2.4 to 1 (Newman, Newman, & Graham, 1989). 

Beta-glucans are found in the cell walls of the 

endosperm and of the outer layers of cereals. Oats and 

barley have relatively high concentrations of these polymers 

(Aman & Graham, 1987; Hoseney, 1986). However, beta-glucans 

have also been purified from wheat and sorghum. In its 

purified form, beta-glucan is a fluffy powder. Barley beta- 

glucan forms a sticky, viscous solution in water with the 

beta-glucan in the form of extended wormlike chains 

(Klopfenstein, 1988). 

The beta-glucan composition of cereals has been found 

to vary with differences in the genetics of the plant and in 

the environment in which it was grown. Smaller barley 

grains tend to have lower beta-glucan concentrations but 

higher pentosan levels (Henry, 1986; Newman, Newman, & 

Graham, 1989). Waxy (high amylopectin) barley strains tend 

to contain more soluble beta-glucan (Newman & Newman, 1987). 

Pretreatment and extraction procedures also affect the 

solubility and properties of beta-glucan (Aman, Graham, & 

Tilly, 1989). Microwave cooking of rolled oats (oatmeal) 

decreased the solubilization of the beta-glucans as compared 

to conventional stove cooking (Yiu, Wood, & Weisz, 1989). 

Baking was shown by Fadel, Newman, Newman, & Graham (1989) 

to change the soluble beta-glucans in a hulless barley-based 

diet to insoluble. Treatment of barley-based pig diet "with 

beta-glucanase increased the solubility of the beta-glucans 
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(Graham, Hesselman, Jonsson, & Aman, 1986). Processing of 

foods containing beta-glucan will affect the solubility of 

that fiber. 

Beta-glucans from cereals have been associated with the 

lowering of cholesterol in animals and in humans. Broiler 

chicks and rats are two of the most common experimental 

animals in this area of research. As in humans, cholesterol 

is synthesized in the liver in these animals, making them a 

reasonable model for looking at cholesterol changes due to 

diet. 

Numerous studies (Fadel, Newman, Newman, & Barnes, 

1987; Newman, Newman, Hofer, & Goering, 1989; Pettersson & 

Aman, 1992; Prentice, Qureshi, Burger, & Elson, 1982; 

Qureshi, Burger, Prentice, Bird, & Sunde, 1980) have found 

that a barley-based or oat-based diet reduced the serum 

cholesterol of broiler chicks when compared to a corn-based 

diet. Not only was the cholesterol level lowered, but the 

low density lipoproteins (LDL) were decreased as the high 

density lipoproteins (HDL) were increased. The problem with 

barley diets for chicks — the high viscosity of the feed 

due to the high level of beta-glucan — results in a low 

metabolizable energy of the diet and in sticky droppings. 

Treatment with beta-glucanase partially cures these symptoms 

(Graham, Hesselman, Jonsson, & Aman, 1986; Newman & Newman, 

1987) . 

Oat bran has been found to decrease serum cholesterol 

whereas wheat bran does not (Truswell, 1978).  Similarly, 
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oat bran has a higher beta-glucan content than wheat bran. 

However, wheat bran has a bulking effect and causes a 

decreased transit time which have been associated with a 

decreased risk of colon cancer. Researchers attempted to 

combine these two health benefits by feeding a combination 

diet with oat and wheat brans (Lupton & Yung, 1991). 

Several combinations were fed to Sprague-Dawley rats, 

producing no change of the oat's hypocholesterolemic effect 

but not improving the colonic physiological effect. 

A common food which is often supplemented with bran or 

beta-glucans is bread. Klopfenstein and Hoseney (1987) fed 

rats breads which had beta-glucan-rich fractions from oats, 

barley, wheat, or sorghum added into the bread formula. It 

was found that all of the rats had decreased liver and serum 

cholesterol levels, but only those rats fed the barley bread 

had increased HDL levels. This suggests that barley beta- 

glucans may have health benefits that beta-glucans from 

other cereals do not possess. 

Researchers at Montana State University (Newman, 

Newman, & Graham, 1989) observed a decreased serum 

cholesterol level in men on a diet of 42 grams of fiber per 

day. The fiber was consumed in the form of baked products 

made with barley (using wheat as a control) . Only subjects 

who had higher pre-experimental serum cholesterol levels 

exhibited the decrease. Although not all men responded in 

the same manner to the high-fiber diet, none of the men on 

the barley-based diet showed an increase in LDL or serum 
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cholesterol levels. These research results lead to the 

hypothesis of possible mechanisms for the observed 

reductions in cholesterol levels in animals and in men. 

Biological Mechanisms of Action 

Numerous theories have been formulated to account for 

the hypocholesterolemic effects of fibers and beta-glucans. 

Most likely, more than one of these mechanisms are the 

causes of the decrease in serum cholesterol in man and in 

animals. The physiological effects are difficult to isolate 

and to determine whether the mechanisms act alone and/or in 

cooperation. In addition, diets high in fiber tend to limit 

caloric intake, resulting in reduced body weight and thus 

altered lipid metabolism (Miettinen, 1983). The increase in 

carbohydrate intake from increased fiber consumption may 

reduce the fat content of the diet. Under these conditions, 

dietary cholesterol is low and the polyunsaturated/saturated 

fatty acid ratio may be high. This would influence 

cholesterol metabolism and affect serum cholesterol levels 

(Miettinen, 1983). Taking all of these factors into 

account, the following theories to explain the 

hypocholesterolemic effect of some fibers have been 

suggested. 

One theory, as explained by Wander and Du (1991), 

involves the soluble part of dietary fiber. Some soluble 

fibers bind bile acid and cholesterol, preventing their 

absorption in the small intestine.   Decreased bile acid 
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absorption leads to the diversion of cholesterol from 

lipoprotein to bile acid synthesis in the liver. Thus fewer 

cholesterol-rich lipoproteins are secreted into the blood 

circulation, reducing the serum cholesterol level. 

A second mechanism which would also reduce the serum 

cholesterol is the interference of soluble fibers in micelle 

formation (Wander & Du, 1991). This hindrance would 

decrease the absorption of dietary cholesterol and fatty 

acids in the small and large intestines. This again would 

cause a lowering of serum cholesterol levels. 

A third theory has been elucidated from studies 

comparing viscous and nonviscous fibers (oat bran contains 

viscous fiber, whereas wheat bran fiber is nonviscous). 

These studies have revealed that the correlation between 

fiber intake and the mean decrease of serum cholesterol, 

mainly LDL cholesterol, and the mean increase in fecal bile 

acids and total steroids were statistically significant 

(Miettinen, 1980, 1983). In this situation, cholesterol was 

eliminated from the body in the form of excreted bile acids 

and steroids. The increased loss of bile acids into the 

feces most likely caused the decrease in serum LDL 

cholesterol due to increased synthesis of bile acids from 

cholesterol in the liver (Madar & Odes, 1990). In the long 

term, the increased excretion of bile acids and sterols may 

be balanced by cholesterol synthesis (Miettinen, 1983). The 

changes in lipid metabolism from a diet rich in nonviscous 

fiber are less consistent than those from a viscous fiber 
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diet, although cholesterol absorption may still be slightly 

impaired (due to the bulking effect and increased transit 

time) and fecal bile acid losses may still occur (Miettinen, 

1983) . 

Barley's hypocholesterolemic effects have been 

explained by a fourth theory, a combination of three 

mechanisms. The fiber component of the barley decreases the 

absorption of dietary cholesterol and fat in the intestine 

by presenting a physical barrier and increasing transit time 

(allowing less time for absorption to occur). The soluble 

fiber binds bile acids, causing them to be excreted with the 

fiber. The third mechanism involves tocotrienols, fat 

soluble components of barley, which help block cholesterol 

synthesis in the liver (Lindsay, 1990). 

Another possible mechanism, the fifth theory, of action 

involves the bacterial fermentation of fiber in the large 

intestine.  Short chain fatty acids produced in this process 

(butyrate, propionate, and acetate) are quickly absorbed by 

the  colon  (Demark-Wahnefried  et  al.,  1990;  McBurney, 

Thompson,  Cuff,  & Jenkins,  1988; Mortensen,  Hoitug,  & 

Rasmussen, 1988).   Both propionate and acetate have been 

shown to decrease hepatic synthesis of cholesterol in animal 

and in   vitro   studies (McBurney et al., 1988).  This would 

decrease the serum LDL and total  cholesterol  levels. 

Furthermore, Pomare (1983) has concluded that bran may 

"reduce the production of deoxycholate [the most 
abundant secondary bile acid] by altering the 
colonic  flora  with  fewer  bacteria  able  to 
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dehydroxylate bile salts, or by changing the 
colonic environment with inhibition of the enzyme 
7-alpha-dehyroxylase, or by reduced bile salt- 
bacterium contact due to changes in transit or 
bulkier, more dilute, colonic contents." 

Coates1 study (1983) of germ-free animals investigated 

the interaction of gut microorganisms and cholesterol 

metabolism. It was found that the secretion of bile acids 

was much greater in conventional rats as compared to germ- 

free rats. The presence of gut microflora accelerated the 

removal of bile acids from the body, lowering the 

concentration of cholesterol in the plasma of the 

conventional rat. Although the exact mechanism is not 

clear, the microbially modified sterols and bile acids may 

not be absorbed to the same extent as cholesterol and 

endogenous bile acids (Coates, 1983). 

Opposing Viewpoint 

Dr. Frank Sacks, M.D., Director of the Lipid Research 

Laboratory in a teaching affiliate of the Harvard Medical 

School, maintains that the oat studies which have been 

conducted do not show a definite hypocholesterolemic effect 

as a result of a component of the grain (Sacks, 1991). The 

early oat bran experiments, which began the oat bran health 

fad, did not have proper controls to account for the fat 

replacement in the diet and the effects of hospitalization 

of all of the subjects. Similar lack of adequate controls 

plagued later studies.  The decreased intake of dietary fat 
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(replaced by fiber-rich foods) has been associated with 

decreased serum cholesterol. 

Sacks and colleagues (1991) conducted a controlled 

experiment in which a diet containing 87 grams of oat bran 

or farina (low-fiber wheat product) per day was consumed by 

20 subjects. This controversial study, first published in 

the New England Journal of Medicine (Swain, Rouse, Curley, & 

Sacks, 1990), caused an immediate uproar among consumers and 

scientists alike (Miller et al., 1990; Raloff, 1990; 

Seligmann, 1990). Using the Keyes equation to calculate the 

effects of the decreased dietary saturated fat and 

cholesterol and increased intake of polyunsaturated fat, a 

seven percent decrease in serum cholesterol was predicted. 

The seven percent decrease was obtained no matter which diet 

was consumed, indicating that oat bran did not have a unique 

effect. Critics maintained this new study was misleading 

due to the small number of subjects, a lack of control of 

the fat content of the diet (18% higher fat intake with the 

oat bran diet), and the original low cholesterol levels of 

the subjects (Raloff, 1990; Seligmann, 1990). 

Additional studies (in other laboratories) have failed 

to show a dose response or a difference in cholesterol- 

lowering with oat bran and oatmeal (oat bran contains twice 

the beta-glucan of oatmeal). Furthermore there remains a 

lack of evidence that there exists a difference in the 

response of healthy and of hypercholesterolemic humans 

(Sacks, 1991). 
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Beta-glucan may have beneficial health and nutritional 

effects, although the debate will most likely continue for 

many more years. Increased dietary fiber and reduced fat 

intake have been shown to decrease cholesterol levels in 

humans and in animals. Beta-glucans are thought to play a 

role in the hypocholesterolemic effect produced by some 

beta-glucan-rich cereals. 

Influences of Dietary Fiber on Glucose Metabolism 

Dietary fiber has important influences on glucose as 

well as lipid metabolism. A low level of fiber intake has 

been reported to predispose the development of diabetes 

(Trowell, 1973). Trowell (1975) later suggested that a 

deficiency of dietary fiber may be a part of the etiology of 

diabetes. There is currently no scientific evidence that 

fiber deficiency would induce diabetes nor that a high fiber 

diet is protection from the disease (Anderson, 1982). 

However, favorable effects of dietary fiber for diabetics 

have been shown. 

High-fiber diets have been associated with increased 

control of blood glucose of diabetics. Anderson and 

associates (1979, 1980) have found that insulin doses could 

be reduced in lean and in obese (defined as exceeding 120% 

desirable body weight) diabetic patients on a high 

carbohydrate, high fiber diet. The low fat content of the 

diet also reduced serum cholesterol and triglyceride levels 

in the lean patients without changes in average body weight 



27 

or daily exercise patterns (Anderson, Chen, & Sieling, 

1980). Overall, high carbohydrate, high fiber diets seem to 

decrease large fluctuations in blood glucose concentrations, 

to increase tissue sensitivity to insulin, and to facilitate 

peripheral glucose utilization (Anderson, 1982). 

The dietary fibers most affecting glucose absorption 

are those with water-soluble or dispersible polysaccharides, 

such as guar gum or pectin, and foods containing complex 

nonstarch polysaccharides with similar physical properties. 

Although glucose absorption is mainly reduced by viscous 

fiber, several reports have demonstrated a reduction in 

glucose absorption with insoluble fiber as well. Some 

researchers even claim that cereal fiber does not seem to 

exert any effect on the metabolic control of diabetes (Madar 

& Odes, 1990). 

Influences of Dietary Fiber on Mineral Absorption 

Dietary fiber has also been shown to decrease mineral 

absorption. Magnesium, calcium, zinc, iron, copper, and 

manganese appear to be the most important minerals affected 

by high fiber diets (Hallfrisch, Powell, Corafelli, Reiser, 

& Prather, 1987) . It is thought that the insoluble fiber 

encapsulates starch, intracellular protein, and fat and 

hinders or prevents absorption. The high viscosity of the 

soluble fiber also interferes with nutrient availability 

(Aman et al., 1987; Klopfenstein, 1988). 
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MODELS OF DIGESTION 

In order to obtain any physiological effect from foods, 

they must be consumed. Studies of these effects use both in 

vivo and in vitro experiments. Methods used to study starch 

digestion in the small intestine will be described in the 

following section. 

The utilization of starch from foods by humans involves 

several steps: cooking (or pretreatment), ingestion with 

chewing, digestion in the mouth, stomach, and small 

intestine, as well as absorption, and metabolism of the 

monosaccharide units, exclusively glucose. In addition 

there is increasing evidence that part of the ingested 

starch can escape digestion and absorption and is then 

utilized through colonic fermentation (Bond, Currier, 

Buchwald, & Levitt, 1980; Englyst & Macfarlane, 1986; 

Englyst, Trowell, Southgate, & Cummings, 1987; Levine & 

Levitt, 1981; Levitt, 1983; Stephen, Haddad, & Phillips, 

1983) . Physiological digestibility of starch and absorption 

can be followed by different methods, each with its own 

advantage and limitation. 

Gastric emptying, which may be followed by radioactive 

labeling of the solid and the liquid phase of the meal, 

shows an outside view of the complex phenomenon, and 

therefore makes it difficult to identify the gastric 

emptying of individual components (Wursch, 1989). Digestion 

in the duodenum or jejunum can be followed directly by 
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intubation techniques, but the disturbance of the intestinal 

flow by the intubation may affect the results (Levitt, 1983; 

Stephen, 1991; Stephen et al., 1983; Strocchi & Levitt, 

1991). 

The amount of unabsorbed carbohydrate available for 

colonic fermentation may be estimated by following the 

increase of breath hydrogen. This can be quantified by 

comparing the amount of hydrogen excreted after a standard 

dose of the nonabsorbable disaccharide lactulose. It has 

been found that the amount of starch reaching the large 

intestine correlated well with the amount calculated from 

the production of hydrogen (Levine & Levitt, 1981; Stephen, 

1991; Stephen et al., 1983; Strocchi & Levitt, 1991; Wursch, 

1989) . This noninvasive method, however, may not be 

sensitive enough to detect low amounts of malabsorbed starch 

as generally found, and it would overestimate the level of 

malabsorbed starch, most likely due to the dietary fiber 

present in the foods tested, the fermentation of which would 

also produce hydrogen. 

The ileal aspiration method or recovery of the effluent 

from ileostomized patients have the advantage of measuring 

the true undigested fractions of foodstuffs. However, 

ileostomates are not readily available (McBurney et al., 

1988) , and it is important to minimize bacterial 

fermentation in the ileum and in the effluents during the 

time between collection and analysis (Wursch, 1989). 
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In vitro models have also been used to study the 

digestion of foods. Some researchers have combined in vivo 

and in vitro experiments to control as many parameters as 

possible without the loss of realistic conditions (McBurney 

et al., 1988). The availability of starch for degradation 

and absorption in the small intestine and of fiber for 

fermentation in the large intestine are the main components 

of interest in bran. 

Several in vitro methods simulating the upper 

gastrointestinal tract are described in the literature. 

Starch is the component of interest in the small intestine, 

thus, the in vitro models attempt to follow the digestion of 

the starch in foods. Perhaps the simplest of these models 

is that described by Bjorck and Nyman (1987). A ground food 

sample is mixed with pancreatic alpha-amylase in a beaker 

which is incubated at 370C. The starch loss is then 

measured over time. This is an imitation of only the small 

intestine conditions. Any effects of the mouth or stomach 

or absorption are ignored. This method provides 

reproducible data, but it is difficult to interpret its 

applicability to human digestion. Further in vitro studies 

(Bjorck, Asp, Birkhed, & Lundquist, 1984; Bjorck, Asp, 

Birkhed, Eliassons, Sjoberg, & Lundquist, 1984; Bjorck & 

Siljestrom, 1992) used salivary alpha-amylase. Pancreatic 

and salivary amylases were considered equal since they both 

attack the alpha-(1-4) linkages. In these studies of wheat 

flour, in vitro results were compared with a concurrent rat 
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study using the same samples. The in vitro results were in 

good agreement with those obtained in vivo for all samples 

except the extruded wheat flour samples. Comparisons of in 

vitro and in vivo experimental results helps determine the 

limitations of the model system. 

Jenkins et al. (1982, 1986) described a similar in 

vitro model of starch digestion. Pooled human saliva is 

mixed with the food sample then placed in a dialysis bag 

which is suspended in pH 6.0 buffer. The sugar release over 

time is measured to determine the degradation of starch. 

This model used human saliva because its activity had been 

found to be similar to that of pancreatic juice in previous 

trials. The dialysis allows passage of the liberated sugars 

out of the sample, similar to absorption in the intestine. 

The work of Snow and O'Dea (1981) uses microbial 

amylase and amyloglucosidase mixed with the sample and 

incubated at 50oC. Further in vitro studies were described 

by Muir and O'Dea (1992). This system involved mastication 

of the sample then removal from the mouth. This first step, 

in contrast to the previous studies, took into account the 

brief contact with saliva as well as the grinding of the 

sample due to chewing. After removal from the mouth, 

incubation with pepsin (protease) at pH 2.0 and 370C 

simulated the stomach conditions. Readjustment of the pH to 

5.0, addition of porcine pancreatic amylase and 

amyloglucosidase, and further incubation at 370C simulated 

the small intestine.  The pH range in the small intestine is 
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from pH 2 to 7. The average, pH 5 was chosen for the 

incubation. This in vitro system attempts to imitate the 

digestive conditions, but the effect of absorption is 

ignored. 

The lower gastrointestinal digestion consists primarily 

of fermentation by the intestinal microflora, which may be 

mimicked in vitro. In vitro studies of fiber fermentation 

are generally based on utilizing a human fecal inoculum with 

the food source under anaerobic conditions (McBurney et al., 

1988; Stevens & Selvendran, 1988; Titgemeyer et al., 1991). 

These studies typically differ with respect to the 

composition of the anaerobic buffer/mineral solution. This 

does not appear to have a major impact on the outcome of 

results. In vitro studies of fiber fermentation may also 

differ with respect to how the food or fiber has been 

prepared prior to the experiment. The most common approach 

is to prepare an alcohol extract of the fiber prior to 

fermentation studies (Ehle, Robertson, & Van Soest, 1982). 

However, fiber sources are sometimes used without 

pretreatment (Titgemeyer et al., 1991), or they may have 

been collected as an ileal effluent (McBurney et al., 1988). 

Since the large intestine, where significant breakdown of 

complex carbohydrates may occur, is the last stage of human 

digestion, many in vitro fermentation studies have been 

conducted concerning these dietary components (Ehle et al., 

1982; Jeraci & Horvath, 1989; McBurney et al., 1988; Stevens 

& Selvendran, 1988). 
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CONCLUSION 

A food is often evaluated on the basis of its 

composition. However, the nutritive values of wheat, oat, 

and barley brans are dependent not only upon the chemical 

compositions, but also upon the digestibility and 

availability of their components. Compositional data is 

important, but further interpretation of that data requires 

consideration of the physical properties of the 

constituents. Components have physiological effects and 

interactions which may limit or enhance their nutritive 

value; for example some fibers have hypocholesterolemic 

effects, and starch may affect glycemic response. Studies 

of foods, whether in vivo or in vitro should include both 

compositional data and digestibility data. 
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CHAPTER 1 - COMPOSITIONAL ANALYSIS OF BRANS AND BRAN 

PRODUCTS 

INTRODUCTION 

The main component of interest in cereal grains has 

long been the carbohydrate fraction. The carbohydrate in 

bran is mainly comprised of the complex carbohydrates, 

starch and fiber. However, the fiber, by most definitions, 

is not degraded in the human upper intestinal tract. The 

other nutrient components may be digested in the stomach and 

small intestine. In order to quantify the changes in these 

fractions of bran during digestion, compositional analyses 

were conducted prior to any treatment. 

A food is often evaluated on the basis of its 

composition. The value of the whole is only the sum of its 

parts. Not only does the composition determine the food's 

physiological effects (Losowsky, 1978), but it may also 

determine the consumer's opinion of the food. 

Barley is commonly used as an animal feed, although its 

popularity as a human food is increasing as more research is 

published about barley. Relatively little literature 

concerning barley bran's composition exists today (Briggs, 

1978; Newman & Newman, 1991; Newman & McGuire, 1985; Price & 

Parsons, 1979) . This study, as many others, used one 

variety of barley. Furthermore, only one milling fraction 

(bran) of that variety was studied. This makes it difficult 

to compare results with those which have been previously 
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published and to confidently state the composition of barley 

bran purchased from a store. 

Oat bran and wheat bran, on the other hand, have been 

studied for many years. The American Association of Cereal 

Chemists can provide certified brans that have been analyzed 

and which may be used as standards. Oat bran has been 

studied with particular regard toward its soluble fiber 

component (Aman & Graham, 1987; Aman, Graham, & Tilly, 1989; 

Demark-Wahnefried, Bowering, & Cohen, 1990; Kirby et al., 

1981; Lupton & Yung, 1991; Lupton, Coder, & Jacobs, 1988; 

Madar & Odes, 1990; Ney, Lasekan, & Shinnick, 1988; Price & 

Parsons, 1979; Vollendorf & Marlett, 1991; Yiu, Wood, & 

Weisz, 1989). Conversely, wheat bran's insoluble fiber 

fraction has been of great interest to researchers (Lupton & 

Yung, 1991; Nyman & Asp, 1985). Barley bran has a 

composition that appears to resemble that of oat bran, 

rather than that of wheat bran. Both oat and barley brans 

contain higher amounts of soluble fiber and beta-glucan, 

while the protein concentration is similar for all three 

brans. Thus, oat and wheat brans were studied as standards 

for comparison with barley bran. 

Compositional data are important, but further 

interpretation of those data require consideration of the 

physical properties of the constituents. The solubility of 

fiber is important, as the work of Lupton and Yung (1991) 

illustrated. The ratio of soluble fiber to insoluble fiber 

and of fermentable to non-fermentable fiber will influence 
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the physiological response (Holloway, Tasman-Jones, & Bell, 

1980; Lupton, Coder, & Jacobs, 1988; Ney, Lasekan, & 

Shinnick, 1988; Nyman & Asp, 1985; Salyers & Leedle, 1983). 

Similarly, the ratio of amylose to amylopectin, the 

crystallinity, and the starch-protein interactions will 

impact the rate of digestion (Calvert, Newman, Eslick, 

Goering, Moss, & El-Negoumy, 1977; Cummings, Englyst, & 

Wiggins, 1986; Leloup, Colonna, & Marchis-Mouren, 1992; 

Salyers & Leedle, 1983). A look at the relative amounts of 

a food's constituents, as well as at the characteristics of 

the components, allows estimation of the digestibility. 

The compositions of barley, oat, and wheat brans were 

determined and are described in Chapter 1. The following 

sections detail the analysis procedures and results. 
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MATERIALS AND METHODS 

MATERIALS 

Brans 

Certified wheat bran, from soft white wheat, and 

certified oat bran were purchased from the American 

Association of Cereal Chemists (AACC; St. Paul, Minnesota). 

Waxbar barley, a hulless two-rowed waxy barley provided 

by the Western Barley Growers  (Bozeman,  Montana),  was 

blanched in a continuous conveyor belt steam blancher for 3 

minutes,  allowed to cool six hours on screens,  passed 

through an airstream into a large bucket, then milled in a 

Buhler mill (Wheat Marketing Center, Albers Mill, Portland, 

Oregon).  Figure 2 shows a schematic of the milling process 

used.  The milling was performed using a feed gate setting 

of 3 and roll settings of: 

breaks - 5 and 4 

reductions - 3 and 0.5. 

The mill rate was 94 grains/minute, producing a percentage 

extraction of 94 percent (by weight).  The bran portion was 

4.4% of the yield. 

Bran Products 

The toasted brans were prepared by toasting 50 gram 

portions spread on metal trays at 230oC (4460F) for 2 

minutes. The toasted bran was cooled for 2 minutes then 

transferred to plastic bags for storage. 
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The bran bread was prepared according to Approved AACC 

(American Association of Cereal Chemists) Method 10 (AACC, 

1983) . The loaves were 100 g flour test loaves. The bran 

was substituted for 8% of the flour, while the control bread 

contained no bran. The bread ingredients were 100 or 92 g 

flour, 0 or 8 g bran, 50 ml water, 5.3 g yeast, 6 g sucrose, 

1.5 g non-iodized salt, 3 g Crisco shortening, and 5 ml 

ascorbic acid. The wet ingredients were added to the mixed 

dry ingredients. The dough was allowed to rise 52 minutes 

at 30oC (860F) , punched, then another 25 minute 

fermentation, and punched. The dough was molded and placed 

into pans and proofed 33 minutes at 30oC. The loaves were 

then baked 24 minutes at 2150C (4190F) . 

All brans, toasted brans, and breads were ground in a 

Wiley mill to pass a 0.5 mm screen. The breads were then 

vacuum dried at 70oC for 8 hours in order to prolong storage 

at room temperature (20oC) . 

METHODS 

The compositions were determined and calculated on a 

dry weight basis. The equations given in this section were 

used for this purpose. In order to compare the results with 

the AACC Certification information of the oat bran, the 

compositional data were then recalculated to a wet weight 

basis. This was done by dividing by the sample weight 

instead of by the dry sample weight. The results in Tables 

1 and 2 are reported on a wet weight basis. 
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Moisture Determination 

The composition of the brans, toasted brans, and breads 

were analyzed using the procedures described in the 

following section. Moisture content was measured using the 

vacuum oven method. A modification of AOAC (Association of 

Official Analytical Chemists) Method 925.09 (AOAC, 1990), 

the Vacuum Oven Method, measured the weight loss of a 3 to 5 

gram sample in an aluminum drying dish after 16 hours in a 

70oC vacuum oven with 30 in. Hg pressure followed by cooling 

to room temperature (20oC) in a desiccator (see Figure 3) . 

The percentage moisture and percentage dry solids were 

calculated using the following equations: 

% Moisture = (Sample Wt (g) - Dried Sample Wt (a))   x  100 
Sample Wt (g) 

% Dry Solids = Dried Sample Weight (a) x 100 
Sample Weight (g) 

Fat Determination 

The AOAC Official Method 922.06 (AOAC, 1990) was used 

to measure the fat content of the bran and bran product 

samples by extraction and gravimetric determination of total 

lipids following acid hydrolysis. The procedure is outlined 

in Figure 4. Two milliliters of 100% ethanol were added to 

a 2 gram sample in a 50 ml beaker. Ten milliliters of a 

hydrochloric acid solution (25 HC1:11 H2O) were then mixed 

with the wetted sample. The beaker was heated in a 750C 

water bath for 30 to 40 minutes with frequent stirring, then 
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cooled to room temperature (20oC) after the addition of 10 

ml ethanol. The hydrolysate was transferred to a Mojonnier 

extraction tube and the beaker was rinsed with 25 ml diethyl 

ether. The tube was stoppered and vigorously shaken for one 

minute; 25 ml petroleum ether was added to the tube's 

contents which were again shaken for one minute. The tube 

was then allowed to stand until the upper layer was almost 

clear. The ether-fat solution (top layer) was decanted 

through cotton into a pre-weighed air-equilibrated 150 ml 

beaker containing five 4 mm glass beads. The sample in the 

tube was reextracted twice more (into the same beaker) using 

15 ml of each ether both times. The ether was slowly 

evaporated on a steam bath using a ribbed watch glass over 

the beaker mouth. The beaker was then dried overnight in a 

60oC vacuum oven, equilibrated in air, and reweighed. The 

percentage fat, on a dry weight basis, was calculated using 

the following equations: 

Dry Sample Weight(g) = Sample Weight(g) x % Dry Solids/100 

% Fat = Sample Fat Weight fa) x 100 
Dry Sample Weight (g) 

Protein Determination 

AOAC Method 960.52 (AOAC, 1990), the Micro-Kjeldahl 

Method, was used to determine the protein content of the 

samples (and of the total dietary fiber (TDF) samples). 

Figure 5 illustrates the method. Bran samples of 40 and 50 

mg were weighed onto glassine weighing paper which was then 
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placed into a 30 ml Kjeldahl flask. Three glass beads 

(boiling chips), 1 Kjeldahl Digestion Pellet (EM Science, 

Cherry Hill, New Jersey), and 2.4 ml concentrated sulfuric 

acid were added to the flask. The flask was then digested 

under a ventilation hood for 10 minutes at medium heat then 

50 minutes at high heat. The flask was cooled for 10 

minutes then stoppered and stored at room temperature (20oC) 

until distillation. 

The digested sample was redissolved upon the addition 

of a minimal amount of distilled water before transferring 

to the distillation apparatus (LabConCo, Laboratory 

Construction Company, Kansas City, Missouri). Sodium 

hydroxide (8-10 ml, 60% (w/v)) was added to the sample 

chamber of the distillation apparatus, and the distillate 

was collected into a flask containing 2.5 ml saturated boric 

acid and 1-2 drops color indicator solution (bromocresol 

green and methyl red in 0.2% ethanol). Approximately 40 ml 

distillate were collected. 

The blue-colored distillate was titrated with 0.1 N 

hydrochloric acid to a colorless (blue disappeared) 

endpoint. The percentage protein (on a dry weight basis) was 

calculated using the following equations: 

Dry Sample Weight (mg) = Sample Wt(mg) x % Dry Solids/100 

% Protein = [Sample (ml) - Blank (ml)1xi4.007xFxo.i x 100 
Dry Sample Weight (mg) 

F = 6.31 for wheat bran (AOAC, 1990) 
=5.83 for oat bran and barley bran (USDA, 1975) 
=6.25 for all TDF samples (AOAC, 1990) 
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Ash Determination 

AOAC Method 923.03 (AOAC, 1990) was followed to measure 

the ash content of the samples (see Figure 6) . A two to 

three gram sample was weighed into a pre-ignited pre-weighed 

equilibrated ashing crucible. The crucible and sample were 

placed into the cold muffle furnace (Thermolyne, Sybron 

Corporation, Dubuque, Iowa) and heated to 550oC for 12 

hours. The crucibles were then cooled to room temperature 

(20oC) in a desiccator and reweighed. The percentage ash, 

on a dry weight basis, was calculated using the following 

equations: 

Dry Sample Weight(g) = Sample Weight(g) x % Dry Solids/100 

% Ash =   Ash Weight (o)     x 100 
Dry Sample Weight (g) 

Starch Determination 

This procedure is outlined in the flow diagram in 

Figure 7; laboratory methods from the OSU Food Analysis 

class were adapted for this analysis. The sample was first 

treated with ethanol to obtain an alcohol insoluble residue 

(AIR) which was then treated with alpha-amylase, 

amyloglucosidase, and pullulanase. The glucose produced 

from the enzymatic starch degradation was then measured 

using the glucose oxidase\peroxidase assay. 

The first section of the AOAC Official Method 979.10 

(AOAC, 1990) was used in the preparation of the defatted 

bran which was carried through the following enzymatic 
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steps. A 5 gram sample was washed with a 75 ml portion of 

boiling (hot) 80% ethanol, stirred for 10 minutes, then 

vacuum filtered through Whatman #1 paper (11 \im particle 

retention; Whatman LabSales, Hillsboro, Oregon). The 

retentate was transferred back to the beaker and the wash 

process repeated. While still in the funnel, the retentate 

was then washed twice with 50 ml portions of room 

temperature (20oC) 80% ethanol. The residue was transferred 

to a pre-weighed equilibrated 100 ml beaker. The AIR was 

vacuum dried at 70oC and reweighed. This AIR was then taken 

through the starch hydrolysis procedure. 

Phosphate buffer (50 ml; pH 6.0) was added to 0.5 g AIR 

sample in a tall form 400 ml beaker. After the addition of 

50 jal heat-stable alpha-amylase (Sigma A-3306) , the mixture 

was stirred, covered with aluminum foil, and placed in a 

boiling water bath with shaking every 5 minutes. The beaker 

was removed after 30 minutes and cooled to room temperature 

(20oC). The pH of the solution was adjusted to 4.5 with 0.2 

M phosphoric acid, 150 nl amyloglucosidase (Sigma A-9913) 

and 50 nl pullulanase (Sigma P-5420) were added, and the 

beaker was recovered and incubated at 60oC with continuous 

agitation. The beaker was removed from the water bath and 

allowed to cool to room temperature (20oC) before the 

addition of 50 ml water. After mixing, the sample was 

filtered through Whatman #1 paper into a 250 ml volumetric 

flask. The retentate was washed with distilled water, and 

the filtrate was diluted to 250 ml with distilled water. The 
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glucose oxidase/peroxidase assay was used to measure the 

amount of glucose in this sample. 

The Sigma Diagnostics (St. Louis, Missouri) Glucose Kit 

Procedure No. 510 was used to enzymatically quantify the 

glucose in the sample, which was then related back to the 

amount of starch in the original sample. A further dilution 

of the sample (final sample volume 1.0 ml) was added to a 

test tube. The addition of 5.0 ml combined enzyme-color 

solution (100 ml enzyme solution (contained 500 units 

glucose oxidase from Aspergillus niger and 100 Purpurogallin 

units of peroxidase from horseradish and buffer salts; PGO 

Enzymes, Sigma 510-6) plus 1.6 ml color reagent (50 mg/20 ml 

o-dianisidine dihydrochloride; Sigma 510-50)) was followed 

by mixing and room temperature (20oC) incubation in the dark 

for 45 minutes. The absorbance of the sample was measured at 

450 nm within 30 minutes from the end of the incubation 

period. A Beckman DU Dual Beam Spectrophotometer with HP 

software was used to measure the absorbance. The 

concentration was determined from a set of glucose standards 

(0, 25, 50, and 100 fag/ml) and a reagent blank run at the 

same time as the samples. The following equations were used 

to calculate the percentage starch on a dry weight basis: 

Dry  Sample Weight (g) = Sample Weight(g) x %Dry Solids/100 

Glucose (|ig/ml) = Absorbance (450 nm) x F 

F = 1/slope determined by glucose standards 

AIR Fraction = AIR Dry Wt. (g)/Dry Sample Wt. (g) 
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Starch = Glucose (\xa/ml) xDilutionx250x (162/180) x 100 
AIR Sample(g)X1000000/AIR Fraction 

Total Dietary Fiber (TDF) Determination 

A flow diagram of the TDF procedure is in Figure 8. 

The AOAC Official Method 985.29 (AOAC, 1990), with the 

modifications of Prosky and associates (Prosky, Asp, Furda, 

DeVries, Schweizer, & Harland, 1984, 1985), was used to 

determine the total dietary fiber content. A one gram 

sample was defatted with three 25 ml extractions of 

petroleum ether and reweighed. The sample was then 

transferred to a 400 ml tall-form beaker. Phosphate buffer 

(pH 6.0, 50 ml)f«aas added with 0.1 ml heat-stable alpha- 

amylase (Sigma A-3306). The beaker was covered with 

aluminum foil and heated in a boiling water bath for 30 

minutes with stirring every 5 minutes. The sample was 

cooled to room temperature (20oC) and adjusted to pH 7.5 

with 10 ml 0.171 M sodium hydroxide. Protease (5 mg, Sigma 

P-3910) was added; the beaker was recovered and heated 30 

minutes in a 60oC water bath with continuous agitation. 

After cooling to room temperature (20oC) , the pH was 

adjusted to 4.5 with 10 ml 0.205 M phosphoric acid. 

Amyloglucosidase (0.3 ml, Sigma A-9913) was added before 

covering again and heating 30 minutes in the 60oC water bath 

with continuous agitation. Preheated (to 60oC) 100% ethanol 

(266 ml) was added, and the precipitate was allowed to form 

while standing at room temperature (20oC) for at least one 
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hour (usually overnight). Celite (0.5 g; Sigma C-8656) in 

the bottom of the pre-weighed 30 ml Gooch crucible (coarse 

ASTM 40-60 urn) was wetted with 78 % ethanol. Suction was 

applied to the crucible and the precipitate was 

quantitatively transferred to the crucible. The residue in 

the crucible was washed with two 20 ml aliquots of 78% 

ethanol, then two 10 ml aliquots of 95% ethanol, then two 10 

ml aliquots of acetone. The crucible and residue were dried 

overnight (at least 8 hr) in a 70oC vacuum oven. Following 

cooling in a desiccator, the crucible (and residue) was 

weighed. A 50 mg portion was taken from the dried residue 

for protein analysis (see Protein Determination section), 

and the remaining residue was ashed 5 hours at 5250C. The 

crucible and ash were cooled in a desiccator and reweighed. 

The following equations were used to calculate the 

percentage total dietary fiber: 

Blank = mg blank residue - 
r(% blank protein + % blank ash)xmq blank residue] 

100 

% TDF = mg residue - 
IQQxf(%sample protein+ %sample ash)xmq residue] - Blank 

mg sample 

Neutral Detergent Fiber (NDF) Determination 

The method of Goering and Van Soest (Goering and Van 

Soest, 1970) was followed to measure the NDF of the brans 

and bran products. The analysis uses detergent and heat to 

dissolve components other than what is termed the neutral 
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detergent fiber.  This residue is comprised of cellulose, 

some hemicelluloses, and lignin. 

The sample (0.5 to 1.0 g) was weighed to the nearest 

0.1 mg into a 600 ml tall form beaker. Neutral detergent 

solution (100 ml; described below) was added, then 2 ml 

decahydronaphthalene, and lastly 0.5 g sodium sulfite. The 

sample was mixed, then the beaker was placed on the 

refluxing apparatus and heated to boiling in 5 to 10 

minutes. The mixture was evenly boiled for one hour. 

A previously weighed 50 ml Gooch crucible (coarse ASTM 

40-60 urn) was placed on the filter manifold. The sample was 

poured into the crucible and suction was then applied. The 

sample and beaker were rinsed with hot distilled water. The 

sample was washed twice with acetone before the suction was 

removed and the crucible removed from the manifold. The 

residue (NDF) was dried at 100oC for 8 hours then reweighed. 

The following equation was used to determine the NDF of the 

samples: 

NDF (g) = Dry Weight (g) - Crucible Weight (g) 

% NDF =    NDF (a) x 100 
Dry Weight (g) 

NDF Solution: 

Distilled water - 18 1 

Disodium ethylenediaminetetraacetate (EDTA) - 335.0 g 

Sodium borate decahydrate - 122.6 g 

Sodium lauryl sulfate, USP - 540 g 



48 

2-Ethoxyethanol (ethylene glycol monoethyl ether) 

- 180 ml 

Disodium hydrogen phosphate, anhydrous - 82.1 g 

Mix EDTA and ^26407-101120 together, add some of the 

distilled water, and heat until dissolved. Add this 

solution to a solution containing the sodium lauryl sulfate 

and 2-ethoxyethanol. Dissolve the Na2HP04 in some of the 

distilled water, and heat as needed. Combine this solution 

with the other ingredients. Adjust the pH to 6.9 to 7.1 if 

necessary. 

Acid Detergent Fiber (ADF) Determination 

The ADF was determined using the method of Goering and 

Van Soest (1970) . As for the NDF, detergents are used to 

dissolve components other than the fiber. The remainder is 

termed the acid detergent fiber, and is comprised of 

cellulose and lignin. 

A one gram sample was weighed to the nearest 0.1 mg 

into a 600 ml tall form beaker. Acid detergent solution 

(100 ml; described below) and 2 ml decahydronaphthalene were 

added. The sample was mixed, then the beaker was placed on 

the refluxing apparatus and heated to boiling in 5 to 10 

minutes.  The mixture was evenly boiled for one hour. 

A previously weighed 50 ml Gooch crucible (coarse ASTM 

40-60 urn) was placed on the filter manifold. The sample was 

poured into the crucible and suction was then applied. The 

sample and beaker were rinsed with hot distilled water.  The 
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sample was washed twice with acetone before the suction was 

removed and the crucible removed from the manifold. The 

residue (ADF) was dried at 1000C for 8 hours then reweighed. 

The following equation was used to determine the ADF of the 

samples: 

ADF (g) = Dry Weight (g) - Crucible Weight (g) 

% ADF =    ADF (a) x 100 
Dry Weight (g) 

Beta-Glucan Determination 

McCleary and coworkers have designed procedures which 

were followed to measure the beta-glucan content of the 

brans (McCleary & Glennie-Holmes, 1985; McCleary & Codd, 

1991). The Mixed-Linkage Beta-Glucan Assay Kit and the 

Glucose Test Kit were purchased from MegaZyme (Aust) Pty. 

Ltd. (Sydney, Australia). This enzymatic assay employed 

lichenase, to break down the mixed-linkage beta-glucan to 

beta-gluco-oligosaccharides, followed by beta-glucosidase 

which degraded these further to glucose (see Figure 9). The 

glucose test utilized the glucose oxidase and peroxidase 

enzyme systems to quantify the glucose colorimetrically, 

using o-dianisidine as the color agent. 

Using the streamlined method, the samples (milled to 

pass a 0.5 mm screen) were weighed (80 to 120 mg) into a 12 

ml capacity glass centrifuge tube. Aqueous ethanol (50% 

v/v) was added (0.2 ml) to wet the sample before the 

addition of 4 ml sodium phosphate buffer (20 mM, pH 6.5). 
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The tube contents were mixed using a vortex mixer and 

immediately placed in a boiling water bath for 60 seconds. 

The sample was again vigorously mixed on a vortex mixer and 

incubated for 2 more minutes in the boiling water. The tube 

was stirred, then allowed to equilibrate (5 minutes) to 50° 

C. Lichenase (0.2 ml, 10 U) was added and the sample was 

incubated 20 minutes at 50oC with occasional stirring. 

Acetate buffer (5 ml, 200 mM) was added before the tube was 

sealed with parafilm for mixing of the contents by 

inversion. With the parafilm removed, the sample was 

allowed to equilibrate to room temperature (20oC, 5 

minutes). The tube was then centrifuged (lOOOxg, 10 

minutes) and 0.1 ml portions were dispensed into each of 

three 12 ml capacity test tubes. Into two of the three 

tubes, beta-glucosidase (0.1 ml, 0.2 U in 50 mM acetate 

buffer (pH 4.0)) was added, and the third tube was the 

blank, containing only sodium phosphate buffer (and sample) 

and 0.1 ml 50 mM acetate buffer (pH 4.0). The tubes were 

incubated at 50oC for 10 minutes then analyzed for glucose. 

The glucose assay involved the addition of 3.0 ml 

glucose oxidase/peroxidase reagent (MegaZyme (Aust) Pty. 

Ltd., Sydney, Australia) followed by incubation for 20 

minutes at 50oC. The absorbance at 510 nm was measured 

within one hour of the end of the incubation. Glucose 

standards of 0, 25, 50, and 100 ng/ml were analyzed to 

create the calibration curve. The following equations were 

used to quantify the beta-glucans: 
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Dry Sample Weight (mg) = Sample Wt (mg) x % Dry Solids/100 

Glucose (|ig/ml) = (Absorbance(510 nm) -Blank Absorbance) xF 

F = l/slope determined by glucose standards 

% B-glucan = Glucose fug/ml)x94(dilution)x(162/180) x 100 
1000 |ig/mg x Dry Sample Wt. (mg) 

Statistical Analysis 

Standard deviations were calculated using GraphPad 

InStat IBM computer software. Compositional data were 

analyzed to determine variation due to methodology. Due to 

the low number of replicates performed in the experiments 

detailed in Chapter 2, the results were not statistically 

analyzed. The means of these data were calculated and were 

then compared. The significance of these comparisons was 

not determined. 
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RESULTS AND DISCUSSION 

Barley, oat, and wheat brans were analyzed along with 

processed brans (toasted and bran breads). The toasting 

process was a harsh heat treatment resembling that which may 

occur at the end of cereal processing. The browning of the 

brans was obvious, and the moisture content decreased 

(overall average of 8.7% to 2.7%). The bread was made in a 

manner similar to that of a commercial test bread loaf. The 

moisture of the finished product was much higher than the 

raw bran (overall average of 22% and 8.7%, respectively), as 

would be hoped for in a bread. The ingredients other than 

bran were accounted for by also making a control loaf that 

contained no bran, only flour. The bran bread contained 

higher amounts of protein, fiber, and starch when compared 

to the control bread. 

Figure 10 shows a comparison of the composition of the 

brans and the toasted brans; Table 1 provides the 

compositional values of the brans, toasted brans, and the 

bran breads. Wheat bran was highest in total dietary fiber 

(TDF) (38.3%), while barley had the most starch (55.4%). 

Overall, the composition of barley and oat brans resembled 

each other, and both differed markedly from the wheat bran. 

General Composition of AACC Certified Oat Bran 

The measured compositional values, except for TDF and 

beta-glucans, for the oat bran were within 10% of those 
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reported by the American Association of Cereal Chemists 

(AACC) for this certified oat bran. The AACC TDF value was 

20.0%, a difference of 13% from the measured value of 17.5%. 

The result of the measurement of the oat bran beta-glucans 

(reported in Table 2) was 4.7% versus the 8.7% reported by 

AACC. The TDF and the beta-glucan analysis methods used by 

the AACC and the ones used in this study were the same. The 

differences in the values could have been due to the smaller 

particle size obtained from milling prior to the 

compositional analysis. In addition, the slight increase in 

moisture content from 8.1% to 8.9% would lead to slight 

decreases in percentages measured since they were presented 

on a wet weight basis. 

Beta-glucans, glucose polymers classified as soluble 

dietary fiber, are widely heralded as the component of 

cereals responsible for serum cholesterol reduction. Beta- 

glucan levels range from 3.2 to 6.3% in the oat kernel, but 

are concentrated in the cell wall of the sub-aleurone layer 

(Welch & Lloyd, 1989), the outer portion of the grain which 

is milled into bran. Hence, the bran fraction, usually a 

good source of beta-glucan, may have a higher percentage 

than that of the kernel as a whole. 

General Composition of Barley Bran 

The barley bran nutrient content was within the range 

of values found in the literature. Starch was the "main 

component of the barley bran, comprising 55.4% of the total, 
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over twice that found in the wheat bran This difference may 

be largely due to the milling process used; the outer layers 

of the wheat grain tend to separate from the starchy 

endosperm more easily than those in the barley grain. 

According to Aman and Newman (1986), starch in barley varies 

from 53 to 61%, and total fiber from 18 to 23% on a wet 

weight basis. Protein ranges for barley are typically from 

8 to 18% with an average of 13% (Newman & Newman, 1991) . 

Although these reported values are for the entire barley 

grain, the bran values should not be greatly different. 

Total Dietary Fiber of Brans 

Wheat bran had the highest TDF content, being nearly 

two-fold greater than the corresponding oat and barley bran 

samples. The fiber fraction of wheat bran is known to be 

primarily insoluble. In contrast, the fiber fractions of 

barley and oat brans have more soluble fiber (Vollendorf & 

Marlett, 1991), thus the TDF measurement does not completely 

reflect the physiological importance of the fiber content. 

This difference is important from the nutritional 

perspective due to the different effects of soluble and 

insoluble fiber on the gastrointestinal tract. Insoluble 

fiber is known to decrease transit time and to have a 

bulking effect (Topping, 1991). Soluble fiber has been 

related to decreased serum cholesterol levels in humans and 

animals. In agreement with this, wheat had no effect and 

barley and oat brans did affect blood lipid levels (Fadel, 
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Newman, Newman, & Barnes, 1987; Lupton & Yung, 1991; Newman, 

Newman, & Graham, 1989; Newman, Newman, Hofer, & Goering, 

1989). 

Detergent Fiber of Brans 

The neutral detergent fiber (NDF) and the acid 

detergent fiber (ADF) values obtained for barley, oat, and 

wheat brans are presented in Table 2. Again, wheat bran 

contained the most fiber; however, barley bran contained 

less detergent fiber than oat (11.8% NDF versus 27.97%, and 

3.41% ADF versus 6.81%). Barley bran and oat bran TDF 

values did not appear to differ. 

Neutral detergent fiber measures the cellulose, lignin, 

and some of the hemicelluloses. Starch contamination of the 

NDF residue may be overcome by the use of enzymes in a 

modified NDF procedure as described by Robertson and Van 

Soest (1981). Acid detergent fiber measures only the 

cellulose and lignin. The difference between the NDF and 

the ADF values have been used as an estimate of the 

hemicellulose (Theander & Aman, 1981). The difference of 

21% for the oat bran indicates a large hemicellulose 

component which was soluble in the acid detergent. The 

barley bran decreased only 8%. Thus the oat bran 

hemicellulose component was 76% of the detergent fiber, and 

the barley bran hemicellulose was 71%. These results, 

however, must be carefully interpreted due to the high NDF 

values.  Since the samples were not enzymatically treated 
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and the NDF values are greater than the reported TDF values, 

the NDF most likely contained starch (Vollendorf & Marlett, 

1991). 

Fat Content of Brans 

A decreased fat intake has long been associated with 

increased fiber consumption; this is one of the reasons the 

hypocholesterolemic effect of oats and barley has been 

questioned. Barley bran was found to have a lower fat 

content than oat bran (3.5% and 11.6%, respectively). Thus 

the substitution of barley bran in the diet for oat bran 

would decrease the fat intake from the fiber source alone. 

In addition, the primary fatty acid in barley is the 

unsaturated fatty acid, linoleic acid (Newman & McGuire, 

1985; Fedak & de la Roche, 1977). Barley oil, and the 

vitamin E form, alpha-tocotrienol, have also been associated 

with decreases in cholesterol levels (Quereshi, Peterson, 

Elson, Mangels, & Din, 1989). 

Effects of Processing 

The toasting of the brans, aside from decreasing the 

moisture content, appeared to have no noticeable effect on 

the compositional values. Extrusion of barley samples has 

been found by some to increase TDF values (Ostergard, 

Bjorck, & Vainionpaa, 1989), and by others to decrease TDF 

values (Marlett, 1991). The toasting treatment used here 

was not as harsh as extrusion and neither increases nor 
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decreases in TDF were observed.  Changes in the solubility 

of the TDF were not measured. 
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CONCLUSION 

Barley bran had a composition closely resembling that 

of oat bran. Wheat bran was markedly different in 

composition, as expected from the literature. The amounts 

of moisture, fat, ash, protein, starch, TDF, and beta- 

glucans in the brans were measured. Barley and oat brans 

contained 17.5% and 20.0%, respectively, TDF, whereas the 

wheat bran content was almost twice as much. The starch 

content of the brans ranged from 21% to 55% with wheat 

having the least, and barley the most. 
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CHAPTER 2 - STARCH AVAILABILITY OF BRANS 

INTRODUCTION 

The two major carbohydrate fractions of most plant 

foods are starch and dietary fiber. These two food 

fractions have received increased attention over the past 

decade due to their putative effect on the "normal" 

physiology of the intestine and their subsequent influence 

on several chronic diseases (National Research Council, 

1989). The rates of hydrolysis of these fractions during 

their passage through the intestinal tract are important 

with respect to the physiological response they elicit. 

It is becoming increasingly clear that the quantity of 

starch passing through the upper intestinal tract is of 

physiological significance. The rate of starch degradation 

and the subsequent rate of absorption of its constituent 

glucose is important in determining the blood glucose 

response to a given meal (Jenkins et al., 1990). This is of 

particular relevance to the control of diabetes. The 

fraction of starch which escapes digestion within the small 

intestine was recently termed resistant starch. This starch 

serves as a substrate for fermentation within the large 

intestine. Thus the readily degraded starch (digested in 

the small intestine) and the resistant starch that passes 

through to the large intestine appear to have different 

physiological effects. 
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The dietary fiber fraction of foods has been associated 

with the etiology of several disease states, including 

cardiovascular disease, cancer, and diabetes (National 

Research Council, 1989). In the case of diabetes, fiber is 

thought to effect the hydrolysis and absorption of starch 

in the small intestine, thus influencing the blood-glucose 

response to a starchy food. The fermentation of fiber 

within the large intestine is an active area of research, 

since the end-products of this fermentation are known to 

modulate the metabolism of colonic mucosal cells (Koruda, 

Rolandelli, Settle, Zimmaro, & Rombeau, 1988) and to 

possibly act as modulators of liver metabolism (Demigne, 

Yacoub, & Remesy, 1986). Fermentation of fiber in the large 

intestine may result in not only additional calories due to 

dietary fiber, but also in an alteration of the colonic 

environment. 

It is difficult to study the metabolism of foods within 

the intestinal tract of humans. One approach is to do 

studies with ileostomy patients who have been surgically 

altered such that the experimenter has access to a given 

point in their intestinal tract. In this case one can 

measure the extent of starch or fiber digestion in the upper 

intestinal tract by analyzing the ileal effluent (Cummings & 

Englyst, 1991). This approach is attractive but is not 

available to the majority of researchers. Furthermore, it 

has not been established that the digestive physiology of 

the surgically altered patient is equivalent to that of the 
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intact individual. It is becoming increasing clear that 

appropriate in vitro methods are necessary. The development 

of in vitro methods is slow, as the mechanical, chemical, 

and physiological aspects of the intestine are not easily 

simulated. 

Several in vitro studies of starch digestion may be 

found in the literature, each having somewhat different 

protocols. The laboratory of Jenkins (Jenkins et al., 1982, 

1984) uses human saliva or duodenal juice mixed with the 

food source in a dialysis bag to simulate starch digestion. 

Snow and O'Dea (1981) used a microbial amylase and 

amyloglucosidase preparation mixed with the food source in a 

conical flask to simulate digestion. More recently Muir and 

O'Dea (1992) have attempted to simulate the entire digestive 

process including chewing, stomach exposure and then amylase 

exposure. Bjorck's laboratory has consistently used a 

mixture of porcine pancreatic amylase mixed with the 

experimental food in a beaker to simulate intestinal 

digestion (Bjorck & Nyman, 1986, 1987). These in vitro 

methods simulated digestion in the upper gastrointestinal 

tract. 

The lower gastrointestinal digestion consists primarily 

of fermentation by the intestinal microflora, which may be 

mimicked in vitro. In vitro studies of fiber fermentation 

are generally based on utilizing a human fecal inoculum with 

the food source under anaerobic conditions (Titgemeyer, 

Bourquin, Fahey, & Garleb, 1991; McBurney, Thompson, Cuff, & 
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Jenkins, 1988). These studies typically differ with respect 

to the composition of the anaerobic buffer/mineral solution. 

This does not appear to have a major impact on the outcome 

of results. In vitro studies of fiber fermentation may also 

differ with respect to how the food or fiber has been 

prepared prior to the experiment. The most common approach 

is to prepare an alcohol extract of the fiber prior to 

fermentation studies (Ehle, Robertson, & van Soest, 1982). 

However, fiber sources are sometimes used without 

pretreatment (Titgemeyer et al., 1991), or they may have 

been collected as an ileal effluent (McBurney et al., 1988). 

Since the large intestine, where significant breakdown of 

complex carbohydrates may occur, is the last stage of human 

digestion, many in vitro fermentation studies have been 

conducted concerning these dietary components. 

The intent of this phase of the thesis was to develop a 

rational in vitro model that could be used to study the 

digestion and fermentation of the complex carbohydrate 

fractions of foods. Barley and oat bran preparations were 

used as model substrates. Initial studies indicated that 

each phase of the simulated digestive process would require 

a significant amount of time for optimization. The focus of 

this study was narrowed to the gastric phase of the 

digestive process since, in early experiments, large losses 

of starch were observed during this treatment.  Hence, this 
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report describes the experimental approach used to determine 

the optimum conditions for simulated exposure of the bran 

fractions of oat and barley to the stomach environment. 
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MATERIALS AND METHODS 

MATERIALS 

Duplicate samples of oat bran, barley bran, and 

gelatinized oat and barley brans were run concurrently. The 

gelatinized samples were treated as explained in the 

gelatinization section which follows. Controls (without 

bran) were also run in duplicate. 

METHODS 

Gelatinization of Brans 

Oat bran, when consumed by the human, is most often 

found as an ingredient in a baked product. In order to 

mimic the digestion of the bran starch in this form, we 

followed a gelatinization procedure designed to produce a 

treated bran, similar to that found in a bran muffin. 

Water was first added to the oat bran up to a moisture 

level of 31.4 percent — the moisture level (USDA, 1975) of 

a standard muffin dough (Sultan, 1969) . The bran and water 

were mixed and allowed to soak for 2 minutes, the mixing 

time of a muffin batter. The bran was then covered and 

heated for 15 minutes in a pre-heated 1960C (3850F) oven 

without stirring, again following a standard muffin baking 

procedure (Sultan, 1969) . The bran was removed from the 

oven and allowed to stand for one hour to cool to room 

temperature. Englyst and Cummings (1987) have found that 

the cooling of starch influences its digestibility; in our 
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procedure we have tried to simulate the bran starch in a 

muffin cooled before eaten. 

This gelatinized oat bran was carried through the 

stomach and small intestine procedure to determine its 

digestibility. Starch, protein, and fiber were measured 

before and after enzymatic treatment. Comparisons between 

untreated oat bran and gelatinized oat bran digestibilities 

were made. 

Jn vitro Simulation of Oat Bran Digestion in the Stomach and 

the Small Intestine 

The flow chart in Figure 11 summarizes the in vitro 

simulation of the stomach and small intestine. Raw and 

gelatinized oat bran (3.5 g) were mixed with 100 ml 3 mg/ml 

pepsin solution. The pH was adjusted to 1.5 with 

concentrated hydrochloric acid, then the sample was 

incubated one hour at 370C with agitation. Following this 

pepsin treatment, 100 ml 3 mg/ml pancreatin solution (in pH 

6.8 phosphate buffer) was added, the pH readjusted to 6.8 

with 5 N sodium hydroxide, and the sample was incubated with 

agitation for the following times, 0, 3, 8, 16, or 24 hours, 

at 370C. Following this second incubation, half of the 

sample was filtered through Whatman #1 filter paper. The 

residue was washed with 95% ethanol then acetone. The 

residue and filter paper were vacuum dried at 70oC for 8 

hours then reweighed. The residue was analyzed for starch 

and protein.  The remaining half of the sample was carried 
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through the total dietary fiber (TDF) assay (as described in 

the Materials and Methods section of Chapter 1). 

Test of Amvlase Activity of Commercial Pepsin Preparation 

Reagents : 

Dinitrosalicylic Acid (DNS) Color Reagent 

3,5-Dinitrosalicylic acid (1.0 g) was dissolved in 

50 ml distilled water, then 30.0 g sodium 

potassium tartrate tetrahydrate was slowly added. 

Sodium hydroxide (20 ml 2N) was mixed in. The 

solution was diluted to a final volume of 100 ml 

with distilled water. 

Starch Solution 

Soluble potato starch (1.0 g; Sigma 2630) was 

dissolved in 100 ml 0.02 M pH 6.9 sodium phosphate 

buffer containing 0.006 M sodium chloride.  The 

solution was heated until dissolved, then cooled 

and the volume adjusted to 100 ml with distilled 

water. 

A  maltose  standard  curve  was  prepared  using 

concentrations of 0, 0.5, 1.0, 2.5, and 5.0 nmol/ml.  One 

milliliter of each dilution was transferred to a test tube 

to which was added 1.0 ml of the DNS color reagent.  The 

tubes were incubated in a boiling water bath for 5 minutes, 

cooled, diluted with 10 ml distilled water, and mixed well. 

The absorbance at 540 nm was then read. 
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The pepsin dilutions were 0, 2, 5, and 10 ng/ml. A 0.5 

ml aliquot of each of these dilutions was transferred to a 

test tube. At 15 second timed intervals, 0.5 ml of the 

starch solution was added. The tubes were each incubated 

exactly 3 minutes when, at timed intervals, 1.0 ml DNS color 

reagent was added. The tubes were then incubated 5 minutes 

in a boiling water bath, cooled, and diluted with 10 ml 

distilled water. After mixing, the absorbance at 540 nm was 

read. 

Iodine Test of Filtrates for Soluble Starch Degradation 

Oat bran (3.5 g) was weighed into a 400 ml tall form 

beaker. To one set of samples was added 50 ml pepsin (3 

mg/ml) which was then adjusted to pH 1.5 with concentrated 

hydrochloric acid. The control for this set contained only 

the pepsin and no bran. To the other set, 50 ml of 

phosphate buffer (without pepsin) at pH 6.8 was added to the 

bran. The control contained only buffer, no bran. This set 

was not pH adjusted, to obtain only the effects of the 

temperature and liquid volume. Both sets were incubated at 

370C for one hour. A 20 ml portion of each mixture was 

centrifuged (1400xg/ 10 min), then filtered through Whatman 

#1 filter paper. 

The iodine solution for this experiment was developed 

in our laboratory to qualitatively test maltodextrin 

degradation. Potassium iodide (22 g) was dissolved in 6\) ml 

demineralized water containing 11 g dissolved iodine.  The 
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volume was increased to 500 ml with demineralized water. To 

4 ml of this stock solution was added 40 g potassium iodide 

and demineralized water to bring the volume to 1000 ml. 

This final iodine solution was used in the assays. 

The filtrate was tested for soluble starch using the 

addition of the iodine solution. A 0.5 ml aliquot of each 

filtrate was diluted to 5 ml with distilled water. No color 

was observed upon the addition of 1.0 ml iodine solution 

mixed with 0.5 ml distilled water, nor upon the addition of 

1.5 ml iodine solution. A 1% soluble potato starch solution 

was used as a positive control to check the iodine solution; 

a dark blue color was observed upon addition of the iodine 

solution to a similarly diluted starch sample. 

Test of Glucose Content of Commercial Enzyme Preparations 

Alpha-amylase (5 fil in 5 ml pH 6.0 phosphate buffer; 

Sigma A-3306), amyloglucosidase (15 ill in 5 ml pH 6.0 

phosphate buffer; Sigma A-9913), and pullulanase (5 [il in 5 

ml pH 6.0 phosphate buffer; Sigma P-5420) were tested with 

no dilution (1 ml sample plus 0.5 ml glucose oxidase/ 

peroxidase color reagent) and with a 1:10 dilution. A 

standard matrix experimental design was used to test each 

enzyme alone and in combination with each other. 

In vitro  Simulation of the Stomach 

Samples of 3.5 grams were weighed to the nearest 0.1 mg 

into 400 ml tall form beakers and mixed with 50 ml of a 3 
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mg/ml pepsin (Sigma P-7012; EC 3.4.23.1) solution. The pH 

was adjusted to 1.5 with concentrated hydrochloric acid. 

After the incubation (0 or 30 minutes) at 370C (the zero 

time samples were not placed in the water bath) , 50 ml 

phosphate buffer at pH 6.8 was added. The mixture was 

readjusted to pH 6.8 with 5 N sodium hydroxide, then 

filtered through dried, pre-weighed Whatman #1 filter paper 

using a Buchner funnel with aspiration. 

Filtrate 

The filtrate (100 ml) was stored at 40C in a stoppered 

flask until starch analysis could be performed. This 

storage time was not more than 24 hours. 

Residue 

The residue was washed with 95% ethanol then acetone 

before being dried (on the filter paper) in a 70oC vacuum 

oven for 8 hours. After drying, the paper and residue were 

weighed, then the residue was collected from the paper into 

a test tube. A portion of this residue (0.6 grams) was used 

for the starch assay. 

Starch Analysis 

The starch analysis was performed as described in the 

Materials and Methods section of Chapter 1 with modification 

for the analysis of a liquid sample. The full procedure is 

described in the following sections. 
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A 10 ml aliquot of the filtrate was transferred to a 

400 ml tall form beaker to which was added 40 ml pH 6.0 

phosphate buffer. Heat-stable alpha-amylase (50 [il; Sigma A- 

3 3 06) was added; the contents were stirred then covered with 

aluminum foil and incubated 30 minutes in a boiling water 

bath with frequent agitation. 

Untreated oat bran and barley bran were analyzed for 

starch concurrently with the residues. The residue (0.6 g 

portion) was washed with three 5 ml portions of 80% ethanol 

(stirred, then centrifuged, and the ethanol decanted) and 

one 5 ml portion of acetone. The residue was then vacuum 

dried and reweighed. This defatted residue is known as the 

alcohol insoluble residue (AIR). The AIR was transferred to 

a 400 ml tall form beaker to which was added 50 ml pH 6.0 

phosphate buffer. Heat-stable alpha-amylase (50 ul; Sigma 

A-3306) was added; the beaker was stirred then covered with 

aluminum foil and incubated 30 minutes in a boiling water 

bath with frequent agitation. 

The samples were allowed to cool to room temperature 

(20oC) , then the pH was adjusted to 4.5 with 0.2 M 

phosphoric acid. Amyloglucosidase (150 jxl; Sigma A-9913) and 

pullulanase (50 |il; Sigma P-5420) were stirred into each 

mixture. The samples were recovered and incubated one hour 

at 60oC with continuous agitation. The samples were allowed 

to cool to room temperature (20oC) then filtered through 

Whatman #1 filter paper into a 100 ml volumetric flask. The 

retentate was washed with distilled water, and the combined 
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filtrates diluted to 100 ml.  The glucose in the filtrate 

was measured by the glucose oxidase/peroxidase assay. 

Glucose Oxidase/Peroxidase Assay 

An adaptation of the Sigma Diagnostics (St. Louis, 

Missouri) Glucose Kit Procedure No. 510 was used to 

enzymatically quantify the glucose in the sample. The 

combined enzyme-color solution contained one PGO (Peroxidase 

Glucose Oxidase) Enzyme capsule (500 units glucose oxidase 

from Aspergrillus niger and 100 Purpurogallin units of 

peroxidase from horseradish and buffer salts; Sigma 510-6) 

in 37.6 ml distilled water plus 0.587 ml color reagent 

(6.171 mg/ml o-dianisidine dihydrochloride; Sigma 510-50). 

Filtrate samples were analyzed for glucose before and 

after starch enzyme addition. The results quantify the 

amount of glucose (before starch assay) in the filtrate and 

the amount of starch (after starch assay) in the filtrate. 

The filtrate samples were diluted 1:50 with distilled 

water, and residue samples were diluted 1:400 with distilled 

water prior to the glucose assay. The diluted sample (final 

volume 1 ml; run in duplicate) was mixed with 0.5 ml enzyme- 

color solution then incubated 30 minutes at 370C in the 

dark. The absorbance of the sample was measured at 450 nm 

within 30 minutes from the end of the incubation period. 

A standard glucose calibration curve was made 

concurrently with the samples. The glucose concentrations 

used were: 0, 4, 8, and 12 )ig/ml.  The sample dilutions 
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allowed the measured absorbances to fit on the standard 

curve. The starch assay reagent blank (run in duplicate) 

absorbance was subtracted from each sample which had been 

analyzed for starch. 

Calculations 

The following example illustrates the calculations 

performed for each sample.  The general formula is given. 

Original Sample Calculations: 

Dry Weight (g) = Sample Weight (g) x % Dry Solids/100 

(% Dry Solids was determined as explained in the 

Moisture Determination section previously) 

Starch Content (g) = Dry Weight (g) x % Starch/100 

(% Starch was determined in a sample run 

concurrently with treated samples — % Starch may 

be determined last then used to calculate the 

original starch content) 

Zero Time (and 30 minute) Sample Calculations: 

Glucose Content (ng/ml) = Absorbance (450 nm) x F 
F = 1/slope of glucose standard calibration curve 

Starch (mg) = Glucose ng/ml)xDilutionxloo ml x 0.9 
1000 |ig/mg 

Residue Starch(mg) = Starch Content(mg)xResidue Wt. (a) 
Sample Wt. (g) 
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Percent Starch (%) = Residue Starch (ma)   x 100% 
Residue Wt. (g) x 1000 mg/g 

Percent Starch Remaining(%) = Residue Starch(mq) x 100% 
Original Starch (g) x lOOOmg/g 

The filtrate calculations were done in the same manner; the 

dilution factor is 50 instead of 400, and the sample is 10 

ml of the original 100 ml filtrate.  The percentage starch 

would also be on a weight to volume basis.  The calculations 

explained above stop with the glucose content ((ig/ml) for 

the filtrate samples which were not carried through the 

starch assay.  The total glucose can be then be determined 

by multiplying by the total volume (100 ml). 
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RESULTS AND DISCUSSION 

The digestion of bran in the stomach and the small 

intestine was simulated. The developed in vitro system was 

optimized with oat bran, then tested with barley bran. The 

following sections describe the steps taken in this process. 

In vitro  Simulation of Oat Bran Digestion in the Stomach and 

the Small Intestine 

The first treatment of oat bran, 370C incubation, pH 

1.5 with pepsin, was intended to simulate the conditions of 

the stomach. The treatment resulted in a loss of 77.51% of 

the insoluble material, a decrease of 93.88% of the starch 

content (as recovered in the residue) and a corresponding 

83.17% decrease in protein content. Figures 10 and 11 

illustrate these decreases. The residue was 81.27% total 

dietary fiber (TDF), 12.6% starch, and 16.2% protein. 

The next step, treatment with pancreatin, pH 6.8, and 

370C, resulted in little change in the starch, protein, or 

TDF content of the residues. Table 3 shows the residue 

composition data. The low starch content of the residue, 

resulting from the simulated digestion of the stomach, made 

it difficult to observe any starch hydrolysis during the 

small intestine (pancreatin) phase. In order to test the 

effects of the pancreatin concentration on starch 

hydrolysis, the following experiment was performed. 
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Test  of  Pancreatin  Activity  of  the  Small  Intestine 

Simulation 

Following the stomach simulation, gelatinized and 

untreated oat bran were digested under the conditions of the 

small intestine simulation. Different concentrations of 

pancreatin (0, 3, and 5 mg/ml) were used to ensure starch 

degradative activity was at a maximum. A time course (0, 3, 

8, 16, and 24 hours) was performed to ensure that the 

pancreatin maximum activity had been achieved. 

Figures 12 and 13, time courses at 5 mg/ml pancreatin, 

illustrate the rapid loss of starch and of protein in the 

residues of both untreated (raw) and gelatinized oat bran 

during the stomach simulation. In relation to the pepsin 

step, the pancreatic enzyme incubation period appeared 

devoid of activity. Figures 14 and 15 show the activity of 

the small intestine simulation alone. The effects of 

pancreatin concentration on the apparent digestibility of 

oat bran fractions is reported in Table 4. The total 

dietary fiber (TDF) results were somewhat erratic due to the 

difficult filtration, but the trend indicated little to no 

degradation during these studies. 

There was no readily apparent difference between the 

rates of starch and protein digestibility of the gelatinized 

oat bran and the raw or untreated bran. The gelatinization 

of starch is a common procedure used to make starch easier 

to degrade, thus the higher susceptibility of the 

gelatinized sample to the pancreatin was expected.   The 
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reason this was not observed may have been that more than 

90% of the starch had been extracted in the stomach phase of 

digestion. Very little resistant starch - only 1.3% of the 

original starch remained in the residue - was evident in the 

oat bran. 

The solubilization of the starch during the stomach 

simulation prevented detection of changes of the residue 

starch content during the later small intestine simulation. 

Thus further experiments were performed to investigate the 

pepsin/stomach treatment step. 

Test of Amylase Activity of Commercial Pepsin Preparation 

Starch was not expected to be lost in the simulation of 

the stomach; conditions of very low pH and raised 

temperature in the presence of a protease were not 

previously considered sufficient to hydrolyze 94% of the oat 

bran starch. Pepsin, a proteolytic enzyme, was tested for 

amylase activity to ensure the pepsin was not contaminated 

with an amylase which would attack the starch glucose 

linkages, causing the loss of starch from the residues 

evident in the stomach simulation. A standard alpha-amylase 

activity assay (Worthington (ed.), 1988) was used. Reducing 

sugars liberated from a soluble potato starch substrate were 

quantified by the reduction of 3,5-dinitrosalicylic acid. 

There was no difference in the amount of maltose 

produced by the 2 lig/ml and the 10 ng/ml pepsin 

concentrations; therefore no alpha-amylase activity was 
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apparent. This indicated that the pepsin was not 

responsible for the degradation of the oat bran starch in 

the stomach simulation. 

Recovery of Soluble Starch 

As explained previously, cereal starches were not 

expected to be lost to such a large extent from the 

insoluble fraction under the conditions of the stomach. 

Since the starch was lost from the residue so quickly, the 

filtrate was then analyzed for the starch which had been 

lost from the residue. Measuring the starch in the residue 

and adding it to the starch found in the filtrate should 

account for the total starch in the original sample. A 

number of starch tests were attempted to ascertain whether 

or not the starch was indeed in the filtrate. 

Iodine Test of Filtrates for Soluble Starch Degradation 

The first test for starch was a colorimetric iodine 

assay. Initial iodine tests revealed that there was no 

detectable soluble starch in the filtrates; however, the 

soluble starch may have been broken down over time. To test 

this, soluble starch (0.25 ml 1% starch solution) was added 

to 1 ml of each of the filtrates and allowed to stand at 

room temperature (20oC) for 0, 2, 5, and 12 hours. After 

the incubation, 1 ml iodine solution was added and the 

absorbance at 560 nm (the absorption maximum) was measured. 

Table 5 shows the results of this experiment. 
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The absorbance values obtained at 0 hr were too high to 

be valid and can not be accurately interpreted. From these 

results, soluble starch could have been degraded in the 

first two hours, but between 2 and 12 hours, the formed 

starch-iodine complex color did not appear to change. This 

indicated the soluble starch component had not been 

degraded, since shorter starch chains would change the color 

of the complex formed with the iodine. These results 

indicated the conditions used in the stomach simulation did 

not promote hydrolysis of the alpha (1-4) linkages in 

starch. It was possible that some starch was solubilized by 

the pepsin treatment, but the amount was below the detection 

limit of this iodine assay. Furthermore, the soluble starch 

would not have been degraded in the filtrate upon standing. 

Test of Filtrates for Glucose and Maltose 

Since there did not appear to be soluble starch in the 

filtrates, tests for breakdown products of the starch 

(glucose and maltose) were performed. The same filtrates as 

tested in the above experiment were analyzed using the 

glucose oxidase/peroxidase assay to measure the glucose 

content. Maltose in the filtrates was broken down to 

glucose using amyloglucosidase. The formed glucose was 

quantified using the glucose oxidase/peroxidase assay. 

The filtrates were adjusted to pH 4.5 with 1 N 

hydrochloric acid or with 5 N sodium hydroxide prior to the 

addition of the assay enzymes to prevent their inactivation. 
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A 1 ml portion of each filtrate was then mixed with 3 jil 

Amyloglucosidase (Sigma A-9913) and incubated 20 minutes at 

60oC. The untreated filtrates and the enzyme-treated 

filtrates were then analyzed for glucose. The results of 

these assays are reported in Table 6. 

The glucose assay of the untreated filtrates revealed a 

small amount of glucose in the filtrates. The filtrate 

which had been filtered at pH 1.5 contained 95.1 ng/ml 

glucose as compared to the 33.0 ng/ml in the filtrate 

filtered at pH 6.8. This indicated that incubation at the 

low pH resulted in a slight increase in free glucose. 

The reagent blank for the enzyme-treated samples had a 

high absorbance reading that masked any possible changes in 

absorbance due to glucose. Although some glucose was 

measured, the results were unclear due to the absorbance 

readings above those of the glucose standards. The 

possibility of the presence of maltose was not eliminated. 

To accurately measure the glucose and starch in the 

filtrates, an improved glucose assay procedure, described 

below, was used. 

Glucose Oxidase/Peroxidase Glucose Assay 

A more sensitive glucose assay, developed in our 

laboratory, was used to measure small amounts of filtrate 

glucose which previously may have gone undetected. Using 

concentrated reagents of the glucose oxidase/peroxidase 

assay, a small amount of starch and of glucose in the 
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filtrates following incubation at pH 1.5 and 370C were 

found. 

Figure 16 is an example of the standard glucose 

calibration curves used to test the glucose content of the 

filtrates. The top figure is a typical calibration curve 

used for starch analysis of the brans or residues; the 

bottom calibration curve is typical of those used to analyze 

the filtrates. The more sensitive assay used glucose 

standards of 0, 4, 8, and 12 |ag/ml, whereas the original 

assay used 0, 25, 50, and 100 ng/ml standards. This new 

sensitivity allowed detection of glucose and soluble starch 

in the filtrates, as well as the glucose contained in the 

reagent blank used in the starch assay. A high absorbance 

reading for the starch assay reagent blank disguised any 

measurement of filtrate starch. The cause of this high 

absorbance was investigated in the following experiment. 

Test of Glucose Content of Commercial Enzyme Preparations 

The reagent blank used for the analysis of starch in 

the filtrates was found to have a high absorbance value, 

indicating large amounts of glucose in one of the commercial 

enzyme preparations. Subsequently, each enzyme preparation 

used in the starch analysis procedure was tested for glucose 

using a matrix design. 

Table 7 shows the results of this experiment. The 

amyloglucosidase solution from Sigma (A-9913), used in the 

starch analysis for the degradation of the soluble starch 
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into glucose, was found to contain glucose. The absorbance 

values given in Table 7 for amyloglucosidase were above 

those of the standard curve and thus could not be used to 

calculate the exact glucose concentration. Upon 

investigation it was found that the amyloglucosidase is in a 

1 M glucose solution. Results from the other enzyme 

preparations used in the starch assay indicated they were 

essentially free of glucose. Further testing of the 

amyloglucosidase preparation was conducted to determine a 

method to obtain accurate absorbance readings. 

Test  of Glucose Content of Commercial Amvlocrlucosidase 

Preparation 

The dilution of the reagent blank necessary to obtain 

absorbance readings within the range of the glucose 

calibration curve was determined in this experiment. 

Dilutions of 1:10 and 1:100 were tried. Absorbance values 

at 450 nm decreased from 0.921 at a 1:10 dilution to 0.181 

at a 1:100 dilution. Dilution of the samples 1:100 allowed 

reading of the reagent blank, whereas a dilution of 1:10 was 

insufficient. Therefore, to reliably measure the glucose 

content, filtrate samples were diluted 1:100 after the 

starch assay for the glucose oxidase/peroxidase assay. 

Recovery of Insoluble Material 

The insoluble material lost from the original samples 

during  the  stomach  simulation was  not  found  in  the 
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filtrates. Numerous tests were undertaken to determine the 

cause of this loss and to account for the original sample 

starch. The first suspect was the filter paper. Material 

which passed through the filter would not be measured in the 

residue. 

Test of Filter Paper Stability 

The weight loss of filter paper under various 

treatments was measured to determine the possibility of the 

degradation of the filter paper during filtering of the 

residue. Unaccounted loss of filter paper weight would 

falsely decrease the residue weight. 

Whatman #1 and #5 filter papers were vacuum dried 5 

hours at 70oC, or were washed with 100 ml distilled water 

then vacuum dried, or were washed with 100 ml pH 6.8 

phosphate buffer, 95% ethanol, and acetone and dried. The 

results of these tests are in Table 8. Drying alone reduced 

the filter paper weight 2 percent. This had already been 

taken into account in the experiments by drying and weighing 

the filter papers before use. Washing, however, decreased 

the paper weight further. The treatment with buffer, 

ethanol, and acetone resulted in a loss of about 3% of the 

wet weight, or 1% of the dry weight of the filter paper. 

This 1% was an average of 14.1 mg lost, which translated 

into, at the very least, a 0.5% underestimation of the 

residue weights. This loss was not taken into account in 

the quantification of the residues.  The loss of insoluble 
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material was much greater than that explained by the 0.5% 

underestimation of the residue weight, so further testing of 

the filter paper was conducted. 

Test of Filter Paper Particle Retention Size 

The weight of the residue retained on filters of 

different porosity was tested to detect any residue passing 

through the Whatman #1 filter paper. Whatman #1 (11 (im 

particle retention) and Whatman #5 (2.5 jam particle 

retention) filter paper were compared. 

Oat bran (3.5 g) was added to 50 ml distilled water, 

and the pH was adjusted to 1.5 with concentrated 

hydrochloric acid. The mixture was swirled, then 50 ml pH 

6.8 phosphate buffer was added. Sodium hydroxide (5 N) was 

added to adjust the pH to 6.8, and the mixture was filtered. 

The residue was washed with 95% ethanol and acetone then 

vacuum dried 8 hours on the pre-dried, pre-weighed filter 

paper. 

The recovery of insoluble material was notably less 

than the original 3.5 gram sample. Table 9 shows Whatman #1 

and Whatman #5 recovered 94.64% and 94.38% of the dry sample 

weight, respectively. There was no apparent difference in 

the retained solids obtained with the 11 jam and the 2.5 urn 

filters. The filtrates resulting from both filter papers 

were cloudy, but this was likely due to the high soluble 

fiber content of oat bran. Consequently, Whatman #5 filter 

paper, although it had a smaller pore size, was not used in 
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subsequent experiments due to its association with increased 

filtering time. These tests did not reveal the filter paper 

as the cause of the loss of insoluble material, thus another 

explanation was sought. 

Test of Solubility of Commercial Starch Preparations 

Four types of starch were taken through the stomach 

simulation to determine the effects of the raised 

temperature and acidic conditions. Loss of insoluble 

material would confirm that oat bran starch may be 

solubilized under the conditions of the stomach simulation. 

Wheat, rice, corn, and potato starches were tested for 

solubility under the same conditions as the oat bran. Each 

starch sample (1.5 g) was weighed (to the nearest 0.1 mg) 

into a 400 ml tall form beaker. Distilled water (50 ml) was 

added, the pH was adjusted to 1.5 with concentrated 

hydrochloric acid, and the samples were incubated one hour 

at 370C. Following incubation, 50 ml pH 6.8 phosphate 

buffer was added and the pH was adjusted to 6.8 with 5 N 

sodium hydroxide. The mixtures were then filtered through 

pre-dried, pre-weighed Whatman #1 filter paper. 

Table 10 compares the starch residue weights. Wheat 

and rice starches were the most insoluble (90.05% and 89.84% 

insoluble, respectively), and the potato and corn starches 

were only slightly more soluble (85.67% and 84.21% 

insoluble, respectively). Of the starches tested, the 

maximum solubility was 19% (corn starch). This implied that 
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the low pH and 370C conditions were not highly solubilizing 

of ungelatinized starches. However, losses observed for 

these purified starch preparations approximated those 

observed in later experiments with the oat and barley bran 

fractions (see Recovery of Starch at Zero Time of Stomach 

Simulation and Jn vitro Simulation of the Stomach sections). 

The amount of solubilized starch was less than the loss of 

insoluble material originally observed; a test of the water 

solubility of untreated oat bran was performed next. 

Test of Oat Bran Water Solubility 

Oat bran water solubility had not yet been tested. A 

sample (3.5 g) was added to 100 ml room temperature (20oC) 

distilled water and swirled for 2 minutes then filtered 

through pre-dried, pre-weighed Whatman #1 filter paper. The 

sample lost 3.11% of its dry weight. Furthermore, when oat 

bran (3.5 g) in 100 ml distilled water was incubated in an 

ice bath for one hour, only 3.62% of its dry weight was 

solubilized. Neither the time of incubation nor the 

decrease in temperature seemed to affect the solubility of 

the bran. Since no reasonable explanation of the rapid loss 

of insoluble starch and material had yet been discovered, a 

time course of the pepsin treatment step was conducted. 
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Test of Incubation Time of Stomach Simulation 

The decrease in the bran residue mass and the loss of 

original starch during the stomach simulation was determined 

over the course of time (Table 11). Samples were incubated 

at pH 1.5 and 370C with pepsin for 0, 10, 30, and 60 

minutes. Oat bran (3.5 g) was mixed with 100 ml 3 mg/ml 

pepsin. After the incubation period, 100 ml pH 6.8 

phosphate buffer was added, the pH was readjusted to 6.8 

with 5 N sodium hydroxide, and the sample was filtered 

through pre-dried, pre-weighed Whatman #1 filter paper. The 

residues were vacuum dried then analyzed for starch. 

No more than 30% of the original sample (dry weight 

basis) was solubilized, even after the 60 minute incubation 

period. This directly contradicted the earlier results of 

the first experiment (In vitro Simulation of Oat Bran 

Digestion in the Stomach and the Small Intestine) where a 

loss of 77% was found after the stomach simulation. One 

difference is addition of pancreatin to the sample prior to 

filtration in the first experiment. During the filtering, 

which was a minimum of 30 minutes, the pancreatin could 

degrade the sample. Pancreatin was not used in this 

experiment, only buffer, prior to filtration. This 

experiment confirmed that the original starch and insolubles 

were not almost totally solubilized during the stomach 

simulation. The next step was to test the in vitro model 

with barley bran. 
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Comparison of in vitro  Digestion of Oat and Barley Brans 

Recovery of Starch at Zero Time of Stomach Simulation 

Oat bran and barley bran were compared at zero 

incubation time of the stomach simulation. This further 

check of the simulation would provide information regarding 

the applicability of the in vitro system to other cereals. 

A 3.5 g bran sample was mixed with 50 ml distilled 

water which was then pH adjusted to 1.5 with concentrated 

hydrochloric acid. The mixture was swirled, and 50 ml pH 

6.8 phosphate buffer was immediately added. The pH was 

readjusted to 6.8 with 5 N sodium hydroxide, and the sample 

was filtered through pre-dried, pre-weighed Whatman #1 

filter paper. The filtrate was retained for analysis, and 

the residue was then washed with 95% ethanol then acetone 

and vacuum dried 8 hours at 70oC. Both the residue and the 

filtrate were then analyzed for starch, and the filtrate was 

tested for glucose. 

As shown in Table 12, the oat bran and barley bran 

residues obtained following filtration constituted 

approximately 90% of the original sample dry weight. This 

coincided with the results of the later experiments (Test of 

Filter Paper Particle Retention Size. Test of Solubility of 

Commercial Starch Preparations, and Test of Incubation Time 

of Stomach Simulation). The amount of original starch 

recovered in the residue, following the stomach digestion 

phase (60.40%) was also similar to that obseirved in the 

previous experiment (63.54%; Test of Incubation Time of 
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Stomach Simulation). The barley bran retained less of the 

sample dry weight as residue and less of the original starch 

in the residue than the oat bran. Overall, 61.91% of the 

total starch in the oat bran sample, and 60.12% of the 

starch in the barley bran sample were recovered in the 

residues and the filtrates. In spite of the unaccounted 

starch, further testing of the simulated stomach digestion 

of barley and oat brans was done. 

In vitro  Simulation of the Stomach 

A further experiment was performed to characterize the 

behavior of the brans under the simulated stomach 

conditions. Oat and barley brans were analyzed for starch 

availability. Raw (not pretreated) and gelatinized brans 

(3.5 g sample) were taken through the procedures described 

in the Materials and Methods section. Table 13 illustrates 

the recovery of starch in the residues and in the filtrates. 

At zero time (no incubation), 7.56% of the oat bran, 

3.47% of the gelatinized oat bran, 11.27% of the barley 

bran, and 6.50% of the gelatinized barley bran solids were 

solubilized. More was solubilized after the 30 minute 

incubation at 370C — 15.46% of the oat bran, 16.07% of the 

gelatinized oat bran, 17.08% of the barley bran, and 15.98% 

of the gelatinized barley bran. This was similar to that 

observed in the two prior experiments (Test of Incubation 

Time of Stomach Simulation and Recovery of Starch at "Zero 

Time of Stomach Simulation). 
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The starch of the oat bran samples, both gelatinized 

and raw, was recovered to a greater degree than the barley 

bran starch. Only about 75% of the barley bran starch could 

be accounted for in the residue and the filtrate, whereas 

approximately 90% of the original starch in the oat bran 

samples could be recovered. This indicated that although 

the in vitro procedures developed worked fairly well for the 

oat bran, the same methods were not easily applied to the 

barley bran. 

Suggestions for Future Work 

The recurrence of irretrievable starch in the barley 

and oat bran samples indicated the in vitro simulation of 

the stomach has not yet been perfected. In order to move 

forward and study digestion within the small intestine, it 

is necessary to further develop reliable and quantitative 

models simulating the gastric phase of digestion. 

An important aspect of further studies would be to 

further develop applicable assay methods for starch. The 

problem of measuring the starch may be addressed by trying a 

different starch assay. The AOAC Official Method (979.10; 

AOAC, 1990) has been well tested, and is applicable to many 

different substrates. Another alternative is to use 

different sources of the starch digestive enzymes. An 

amyloglucosidase preparation which does not contain glucose 

would be recommended. A third possibility is to use 

internal standards in the starch and glucose assays.  The 
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measurement of external standards may be different than 

those in the sample medium. This would allow more accurate 

measurement of the glucose in the sample. 
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CONCLUSION 

An in vitro simulation of the stomach and small 

intestine digestive conditions was developed and tested with 

barley and oat brans. A major limitation of the simulated 

digestion was that greater than 50% of the starch fraction 

could not be accounted for in the early phases of digestion. 

The stomach digestion conditions were optimized to the 

extent that approximately 90% of the oat bran and 75% of the 

barley bran starch were recovered. It was observed that a 

fraction of the total starch in the brans could not be 

accounted for following the simulated stomach treatment. 

These results indicated that starches may have been readily 

broken down by pancreatic amylase during filtration of 

samples prior to analysis. In future work with this model 

system, zero time control samples should contain no or 

inactive pancreatic amylase. The filtering time, during 

which active pancreatic enzymes could work, would then be 

eliminated as a source of error. In addition, only 50 ml of 

each enzyme solution should be used, instead of 100 ml. 

Although it may be argued that even 50 ml is not 

physiologically correct, a smaller volume would create 

greater filtration difficulties. The cost benefit of the 

decreased volume, and enzyme amount, should not be 

overlooked. Further work is required to optimize this in 

vitro digestive model for all cereals. 
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CONCLUSION 

A food is often evaluated on the basis of its 

composition. The nutritive value of bran is dependent not 

only upon the chemical composition, but also upon the 

digestibility and availability of its components. 

Compositional data is important, but further interpretation 

of that data requires consideration of the physical 

properties of the constituents. 

The first step to estimate the digestibility of bran 

was to determine its composition. The results of the 

analyses of the constituents of barley, oat, and wheat brans 

are reported in Chapter 1. Chapter 2 includes the results 

of in vitro digestion of oat and barley brans. 

Barley bran had a composition closely resembling that 

of oat bran. Wheat bran was markedly different in 

composition. Barley and oat brans contained 17.5% and 20.0% 

TDF, respectively, whereas the wheat bran content was almost 

twice as much. The starch content of the brans ranged from 

21% to 55% with wheat having the least, and barley the most. 

An in vitro simulation of the stomach and small 

intestine digestive conditions was developed and tested with 

barley and oat brans. The stomach digestion conditions were 

optimized to the extent that approximately 90% of the oat 

bran and 75% of the barley bran starch was recovered. 

Extended digestion periods reduced the insoluble starch 

content of the oat bran to less than 10% of its original 
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value. This result suggests that less than 10% of the 

starch fraction of oat bran may enter the large intestine as 

a substrate for microbial fermentation. In future work with 

this model system, zero time control samples should contain 

no or inactive pancreatic amylase. In addition, only 50 ml 

of each enzyme solution should be used, instead of 100 ml. 
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FIGURE LEGENDS 

Figure 1.  Diagram of a wheat kernel (Pomeranz & MacMasters, 

1968) 

Figure 2.  Diagram of the milling fractions from a Buhler 

mill 

Figure 3.  Flow diagram of the AOAC (Method 925.09; AOAC, 

1990) vacuum drying method to determine moisture 

content 

Figure 4.  Flow diagram of the AOAC (Method 922.06; AOAC, 

1990) acid hydrolysis fat analysis method 

Figure 5.  Flow diagram of the AOAC (Method 960.52; AOAC, 

1990) micro-Kjeldahl method to determine protein 

content 

Figure 6.  Flow diagram of the AOAC (Method 923.03; AOAC, 

1990) ash analysis method 

Figure 7.  Flow diagram of the enzymatic starch analysis 

method 

Figure 8.  Flow diagram of the AOAC (Method 985.29; AOAC, 

1990) total dietary fiber analysis method 

Figure 9.  Flow diagram of the beta glucan analysis method 

(McCleary & Glennie-Holmes, 1985; McCleary & Codd, 

1991) 

Figure 10.  Nutrient composition (percentage wet weight 

basis) of wheat, oat, and barley brans and toasted 

brans 

Figure 11.  Flow diagram of the in vitro simulation of the 

stomach and small intestine 
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Figure 12.  Protein recovery from gelatinized and untreated 

oat bran residues during the simulation of the stomach 

and small intestine (5 mg/ml pancreatin); the data 

points shown are actual results from duplicate 

measurements 

Figure 13.  Starch recovery from gelatinized and untreated 

oat bran residues during simulation the of the stomach 

and small intestine (5 mg/ml pancreatin); the data 

points shown are actual results from duplicate 

measurements 

Figure 14.  Protein recovery from gelatinized and untreated 

oat bran residues during the small intestine simulation 

(values were adjusted to 100% at the beginning of the 

small intestine treatment) (5 mg/ml pancreatin); the 

data points shown are actual results from duplicate 

measurements 

Figure 15.  Starch recovery from gelatinized and untreated 

oat bran residues during the small intestine simulation 

(values were adjusted to 100% at the beginning of the 

small intestine treatment) (5 mg/ml pancreatin); the 

data points shown are actual results from duplicate 

measurements 

Figure 16.  Glucose standard calibration curves measured 

using two versions of the glucose oxidase/peroxidase 

glucose assay; top curve is original assay, and bottom 

curve is the adapted assay for increased sensitivity 



Table 1.  Percentage (wet weight basis) moisture, protein, starch, total dietary fiber, 
fat, and ash of wheat, oat, and barley brans, toasted brans, and bran breads 

Moisture    Protein      Starch    Total Fiber 
% (wet weight basis] 

Fat Ash Total 

Wheat 8.36 (0.15) 17.74 (1-50) 21.37 (2.20) 38.34 (2.09) 4.95 (0.17) 6.21 (0.13) 96.98 (3.40) 
Oat 8.96 (0.16) 19.12 (1.14) 45.49 (1.24) 17.51 (4.20) 11.64 (0.03) 3.05 (0.04) 105.77 (4.52) 

Barley 9.02 (0.14) 16.54 (0.51) 55.36 (2.15) 20.03 (3.83) 3.55 (0.12) 2.32 (0.07) 106.83 (4.42) 
Toasted Wheat 2.64 (0.14) 18.75 (0.39) 24.75 (1.37) 42.54 (1.62) 5.14 (0.04) 6.56 (0.07) 100.38 (2.16) 
Toasted Oat 2.69 (0.75) 22.18 (0.28) 46.32 (0.37) 21.08 (4.43) 12.49 (0.15) 3.22 (0.05) 107.97 (4.52) 

Toasted Barley- 3.24 (0.69) 17.98 (1-37) 59.28 (2.73) 21.56 (2.05) 3.70 (0.11) 2.51 (0.14) 108.27 (3.74) 
Wheat Bread 23.48 (0.14) 12.96 (0.47) 43.49 (3.16) 4.60 (0.89) 3.68 (0.34) 1.51 (0.05) 89.72 (3.34) 
Oat Bread 21.88 (0.11) 12.57 (0.11) 44.25 (4.36) 5.82 (1.24) 3.61 (1.46) 1.59 (0.08) 89.70 (4.77) 

Barley Bread 22.19 (0.23) 11.54 (0.67) 34.29 (1.36) 5.54 (0.48) 3.77 (0.57) 1.52 (0.09) 78.84 (1.71) 
Control Bread 21.92 (0.17) 11.91 (1.46) 58.89 (17.79) 4.22 (1.63) 3.88 (1.29) 1.61 (0.02) 102.43 (17.97) 

(  )  Standard Deviation 

H 
to 



Table 2.  Detergent fiber content and beta-glucan content of wheat, oat, and barley 
brans as measured on a wet weight basis 

% ( 'wet weight bas * — \  is) 
NDF ADF Beta-i glucans 

Wheat bran 49.71 (0. .52) 10.69 (0.23) 1.04 (0.06) 
Oat bran 27.97 (2. .08) 6.81  (1.72) 4.73 (0.31) 

Barley bran 11.83 (1. .33) 3.41  (0.52) 5.93 (0.38) 
Toasted Wheat 1.49 (0.17) 
Toasted Oat 6.23 (0.52) 

Toasted Barley 7.91 (0.08) 
Wheat Bran Bread 0.28 (0.02) 
Oat Bran Bread 0.84 (0.06) 

Barley Bran Bread 0.83 (0.10) 
Control Bread 0.35 10.05 

(  ) Standard Deviation 

H 
M 



Table 3.  Percentage of original dry weight, protein, starch, and total dietary fiber 
(TDF) remaining in oat bran residues following the stomach simulation (pH 1.5; 
37 C for 1 hour) 

  %  (dry weight basis)   
Remaining       Raw Bran    Gelatinized Bran 

Original Weight     21.27 28.55 

Protein 15.86 24.26 

Starch 5.18 8.68 

TDF 88.26 110.62 

H 

03 



Table 4. Components (percentage dry weight basis) of gelatinized and untreated oat 
bran residues during incubations with 5, 3, and 0 mg/ml pancreatin solution at 
37 C and pH 6.8 

Pancreatin % (dry weight basis) Incubation Time (hr) 
(mg/ml)      Remaining 0     3     8    16    24 

0      Original Weight      Raw 21.27 22.16 16.61 10.12 13.51 
Gelatinized 28.55 23.90  21.67  17.09  16.59 

Protein Raw 15.86 18.88  14.80  7.84  9.74 
Gelatinized 24.26 22.91  16.50  13.31  14.37 

Starch Raw 5.18 1.44  3.53  7.79  7.80 
Gelatinized 8.68 1.17  10.74  7.44  6.78 

Total Dietary Fiber    Raw 88.26 113.05 99.96 141.90 133.67 
Gelatinized 110.62 122.53 120.01 133.38 127.74 

3      Original Weight      Raw 23.71 30.43  18.08 22.07  18.77 
Gelatinized 36.70 20.72  17.70  15.10  17.68 

Protein Raw 19.60 26.67  15.86  15.35  17.87 

Starch Raw 80.64 32.77  84.52 120.35 95.62 

Total Dietary Fiber Raw 7.42 8.36 2.61 1.94 1.15 

5 Original Weight Raw 68.86 63.35 57.44 58.04 

Starch Raw 33.84 34.10 36.47 39.32 

H 
to 



Table 5. Degradation of added soluble starch to filtrates upon the addition of 1 ml 
iodine solution to 1 ml filtrate 

Incubation Time (hr) 
Absorbance (560 nm) 0 *   2 **  5 ** 12 ** 12 *** 

Oat Bran & Pepsin pH 1.5 1.431  0.229  0.197 0.233  0.840 
1.600     0.252     0.267 0.232 

Pepsin      pH 1.5 1.487  0.252  0.249 0.182  0.695 
1.507     0.244     0.273 0.210 

Oat Bran & Buffer pH 6.8 1.764  0.256  0.262 0.224  0.289 
1.507     0.220     0.237 0.220 

Buffer      pH 6.8 1.425  0.250  0.267 0.230  0.806 
 1.516     0.253     0.258 0.221  

*  Samples were undiluted 
** Samples were diluted five fold 
*** Samples were centrifuged then the absorbance read undiluted 

o 



Table 6. Measurement of glucose in filtrates with and without incubation with 
amyloglucosidase using the glucose oxidase/peroxidase assay 

Without Amyloglucosidase With Amyloglucosidase 
Total 

Abs.    Glu.   Ave.  Glu. Abs.    Glu.   Ave. 
(450 nm) (ug/ml) ug/ml  (mc?) (450 nm) (ug/ml) ug/ml 

Total 
Glu. 

at Bran & PepsipH 1.   0.063   86.6 
0.072 103.6 

95.1    ii4i?:6ii      0.453 4.5 
0.452 4.5 

4.5 0.20 

Pepsin pH 1.        0.021 
0.020 

0.449 
0.452 

at Bran & BuffepH 6.        0.035 29.0 
0.039 37.0 

33.0 iiHiiip 
0.473 

48.0 
37.0 

42.5 2 • 12 

Buffer pH 6. 

Reagent Blank  pH 6.8 

0.021 
0.020 

0.460 
0.448 

0.443 
0.460 

Abs. = Absorbance 
Glu. = Glucose 
Ave. = Average 

H 
w 
H 



Table 7. Test of commercial starch assay enzyme preparations (Sigma) for glucose as 
measured by the glucose oxidase/peroxidase assay 

Absorbance Glucose 
Dilution Alpha-amylase Amyloglucosidase Pullulanase (450 nm)  (ug/ml) 

Trial 1  None      + * - -       0.001    0.1 
1:10 0.001    0.1 

Trial 2 None 
1:10 

Trial 3 None 
1:10 

Trial 4 None 
1:10 

Trial 5 None 
1:10 

Trial 6 None 
1:10 

0.924 43.9 
0.910 43.3 

0.002 0.1 
0.001 0.1 

0.908 43.2 
0.910 43.3 

0.907 43.2 
0.910 43.3 

0.912 43.4 
0.910 43.3 

* + Indicates the presence of the enzyme in the assay 
- Indicates the lack of the enzyme in the assay 



Table 8. Weight loss of Whatman #1 and #5 filter papers upon washing (with 100 ml 
distilled water or with pH 6.8 phosphate buffer followed by 95% ethanol and 
acetone) then vacuum drying (70 C; 5 hr) 

Washed With 
Original Weight 

Vacuum Distilled Phosphate Buffer, Weight Dry Weight Loss 
Dry   Water  Ethanol & Acetone 

Whatman #1 Trial 1 + * 
Trial 2 + 
Trial 3 + 

Whatman #5 Trial 1 + 
Trial 2 + 
Trial 3 + 

— -y  ■■ 

1.5103 1.4812 0.0291 
1.5287 1.5009 0.0278 
1.5297 1.4875 0.0422 

0.9339 0.9115 0.0224 
0.9326 0.9081 0.0245 
0.9498 0.9202 0.0296 

+ Indicates procedure was performed 
- Indicates procedure was not performed 



Table 9.  Comparison of Whatman #1 and #5 filter paper retention of residues from 
oat bran in 100 ml distilled water following pH adjustment to 1.5 then 
immediately to 6.8 

Weight (g) 
Whatman #1 

Trial 1 Trial 2 Trial 3 
Whatman #5 

Trial 1 Trial 2 
Sample Weight 

Dry Weight 

Residue Weight 

3.4844  3.4851  3.4967 

3.1628  3.1634  3.1739 

2.9721  3.0088  3.0105 

3.4884  3.4985 

3.1664  3.1756 

3.0012  2.9844 

Percent Retained (% dwb)  93.97  95.11  94.85 

Average (%) 

94.78   93.98 

H 



Table 10. Residue weight loss of commercial wheat, rice, corn, and potato starches 
following pH adjustment of 100 ml distilled water to 1.5 then immediately 
to 6.8 

Wheat 
Coimnercial Starches 
Rice Corn Potato 

Original Weight 1.5026 1.5033    1.4996 1.4983    1.5005 1.5006    1.4995 1.5008 

Residue Weight 1.3567 1.3501    1.3418 1.3515    1.2116 1.3157    1.2815 1.2889 

Insoluble 90.29  89.81 
  % (wet weight basis)   
89.48     90.20 80.75     87.68 85.46     85.88 

to 



Table 11. Starch content of oat bran residues following incubation at 37 C for 0, 
10, 30, or 60 minutes in 100 ml 3 mg/ml pepsin solution 

Incubation 
Time   (min) 

Insoluble 
Residue 

Residue 
Starch 

- %   (dry 

Orig; 
R( 

weight 

Lnal Starch 
smaining Average 
uciia LS }     — ——- 

0 85.08 
86.44 
87.95 

34.87 
37.87 
38.63 

58.68 
64.74 
67.20 

63.54 

iiiiil 

10 70.81 
73.42 

38.08 
36.31 

53.32 
52.73 

o:.;.:.:.v.;.;.;.v.:.:.:.:.v.;.;.:.: 

53.02 

:v:::::v:'/:::v:::::::v:-:'::;:::"    : 

30 77.12 19.96 30.44 30.4' 

60 74.04 44.18 64.70 64.7( 

H 
U 



Table 12.  Starch recovery from oat and barley bran filtrates and residues following 
addition of pepsin and lowering of the pH to 1.5 and immediately raising to pH 6.8 

Oat Bran Barley Bran 

Sample Weight (g) 
Sample Dry Weight (g) 
Sample Starch (g) 

3.4854 3.4892 
3.1637 3.1671 
1.5996 1.6013 

3.4944 3.4843 
3.1676 3.1585 
2.0684   2.0625 

Residue Weight (g)      2.9718 2.9715 
Insoluble (%) 93.93  93.82 

Residue Starch (g)      938.78 994.53 
Residue Starch (%)      31.59  33.47 

Original Starch Recovered (%) B^^HIBHi 

2.8413 2.8229 
89.70    89.37 

1388.71 1059.62 
48.86    37.54 
67,14    51.38 

Filtrate Starch (mg) 
Original Starch Recovered (%) 

19.10  15.46 10.01 9.10 

Filtrate Glucose (mg) 
Original Starch 

Present as Glucose (%) 

7.58 7.58 8.59 9.60 

0.37 0.42 

Total Starch Recovered  (%)    MM^^^Sl iiiiiwi 

U) 



Table 13.  Recovery of original sample components in the oat and barley bran 
residues and filtrates following 37 C incubation with 3 mg/ml pepsin for 0 or 
30 minutes 

Incubation 
Time (min) 

Starch Remaining (% dwb)  
Insoluble As Filtrate Total Starch 

(%)    Residue  Filtrate   Glucose  Recovered (%) 

Oat 

Barley 

30 Oat 

Barley 

Raw 92.04 86.45 0.00 
92.84 87.02 0.00 

Gelatinized 96.31 88.89 0.00 
96.75 92.48 0.00 

Raw 88.59 69.82 0.35 
88.87 65.86 0.00 

Gelatinized 93.35 76.21 0.77 
93.66 71.13 0.00 

Raw 85.68 85.98 1.19 
83.40 84.05 2.03 

Gelatinized 86.13 82.52 1.29 
81.73 93.54 1.16 

Raw 80.11 68.88 0.80 
85.74 76.78 1.64 

Gelatinized 83.82 75.89 0.74 
84.23 71.22 0.64 

0.48 
0.50 
0.27 
0.21 
0.87 
0.48 
0.27 
0.24 

1.11 
1.89 
1.20 
1.08 
0.75 
1.53 
0.69 
0.60 

88.13 

90.39 

75.19 

74.89 

H 

cn 


