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NONSTARCH POLYSACCHARIDE FRACTIONS OF 
RAW, PROCESSED AND COOKED CARROTS 

1.0  INTRODUCTION 

The physiological importance of consuming a diet 

containing fiber is generally accepted.  Expert groups from 

many countries, including the United Kingdom, Canada and 

Australia, have recommended increased fiber intakes 

(National Research Council, 1989).  The food industry is now 

producing a range of increased-fiber products in response to 

public awareness of the potential beneficial effects from 

dietary fiber.  The molecular composition of the fiber in 

these products is complex, being primarily composed of non- 

starch polysaccharides (NSP).  In higher plants the NSP 

include pectins, hemicelluloses and cellulose.  Knowledge of 

the NSP composition of foods is particularly important for 

ongoing research investigating the putative beneficial 

effects of dietary fiber.  Much of such research is based on 

surveys of fiber consumption and, therefore, dependent on 

the accuracy and detail of fiber composition data for 

different foods. 

A recent study of dietary intake data for the U.S. 

population concluded that the principal source of total 

dietary fiber in the average U.S. diet was vegetables (Block 
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and Lanza, 1987).  This is of particular interest to the 

food technologist since the influence of commercial 

processing and home cooking on fiber composition of 

vegetables has received only limited attention.  Studies 

based on the detergent system of fiber analysis (Van Soest, 

1981) are in general agreement regarding the effects of 

cooking and processing on fiber fractions of vegetables.  In 

general, there appeared to be no great loss of neutral 

detergent fiber (NDF) due to typical home-cooking methods or 

commercial processing (Zyren et al., 1983).  Home-cooking 

tends to increase the NDF, acid detergent fiber (ADF) and 

cellulose content of vegetables on a dry weight basis 

(Mathee and Appledorf, 1978; Herranz et  al., 1981; Herranz 

et al.,   1983).  Zyren et al.    (1983) also found that with 

exception of squash, there was no readily apparent loss of 

pectin during home-cooking.  A more recent study (Lintas and 

Cappelloni, 1988) utilizing the AOAC enzymatic-gravimetric 

method of fiber analysis concluded home-cooking had limited 

influence on the total dietary fiber (TDF) content of most 

vegetables.  However, there was in general, a shift in fiber 

composition from insoluble to soluble fraction. 

Our objective was to examine processing/cooking effects 

on the NSP composition of carrots.  The study extended the 

findings of previous investigators by providing a more 

detailed, quantitative analysis of this major component of 

dietary fiber. 



2.0  REVIEW OF LITERATURE 

2.1  Structure of Plant Cell Walls 

In order to understand the properties of dietary fiber 

it is important to examine the process of cell wall 

formation, because the most abundant compounds identified 

as fiber are in the plant cell walls.  In the development of 

the primary cell wall of dicotyledonous plants pectic 

substances (mainly as their calcium salts) are deposited 

first on the cell plate to form the middle lamella, which 

cements the cells together.  Hemicelluloses, additional 

pectic substances, and glycoproteins are then deposited as 

an amorphous matrix of macromolecules closely associated 

with the cellulose microfibrils which are the main 

structural elements (Selvendran et al., 1987). 

As the plant organ matures, lignification begins in the 

primary wall region and then extends outward to the middle 

lamella and inward into the developing secondary wall.  The 

lignified walls have cellulose microfibrils dispersed in 

hemicelluloses and lignin.  The main structural component of 

growing plant cell walls is microfibrils of cellulose 

(Northcote, 1972).  Cellulose is a linear polymer of high 

molecular weight, built up of 6 1-4 linked glucose units. 
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and having a degree of polymerization of up to 10,000. 

Because of the high molecular chain length and the 

considerable capacity of the three hydroxyl groups to 

hydrogen bond, both inter-and intra-molecularly, cellulose 

forms fibers of remarkable strength (Selvendran et al., 

1987).  The cellulose molecules are thus bonded into 

microfibrils.  Selvendran (1983) reported that crystalline 

and amorphous regions exist in the microfibril molecule.  It 

is probable that other carbohydrate polymers are 

incorporated into the microfibrillar structures within the 

amorphous regions.  These noncellulosic polymers give rise 

to sugars other than glucose on acid hydrolysis of the 

cellulose residue. 

Selvendran (1983) reported that the hemicellulose 

component of the primary cell wall is mainly composed of 

xylose, arabinose, galactose, and possibly uronic acid.  He 

suggests that most of the xyloglucans hydrogen bond to 

cellulose microfibrils and thus serve to disperse the 

microfibrils within the primary cell wall matrix. 

Lanza et al.    (1986) reported that pectic substances are 

a complex group of polysaccharides in which galacturonic 

acid is a principal constituent.  Rhamnose residues have 

been found at intervals along the galacturonan backbone, and 

often other neutral sugars, such as arabinose, xylose, 

galactose, and fructose, are attached as side chains. 

Rhamnogalacturonans are the major constituents of pectic 
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substances.  Those in which a proportion of the galacturonic 

acid residues are present as methyl esters are designated 

pectinic acids, and those devoid of ester groups are called 

pectic acids, which usually exist as the salts (pectates) 

(Selvendran et al. ,   1987). 

Lignin is one of the noncarbohydrate fractions of the 

plant cell wall.  It is an amorphous, high molecular weight, 

aromatic polymer composed of phenylpropane residues 

(Selvendran, 1984).  Lignin is covalently linked with the 

hemicellulose and possibly with cellulose, cementing 

together the wall polymers into a unified rigid matrix and 

stratifying the wall (Selvendran, 1983). 

2.2  Determination of Dietary Fiber in Food 

Many methods have been developed to analyze for dietary 

fiber.  The oldest method for fiber analysis is the crude 

fiber method, often referred to as the Weende method, which 

was discussed by Williams and 01msted (193 5).  The dried 

sample was treated with hot sulfuric acid, sodium hydroxide, 

and the residue subsequently dried, weighed, and reported as 

crude fiber.  This method is used to analyze for the fiber 

component of food as published in USDA Composition of Food 

Tables (Agriculture Handbook #8, 1975). 

The crude fiber method has been criticized because 80% 

of hemicellulose, 20-50% of cellulose, and 50-90% of lignin 
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were lost after the harsh acid and alkali treatment (Van 

Soest and Robertson, 1977). 

The neutral detergent fiber (NDF) method was developed 

by Van Soest (1963) for analysis of animal forages.  The 

dried sample was refluxed with a solution of sodium lauryl 

sulfate, sodium sulphite and EDTA, washed and filtered with 

hot water, washed with acetone and dried.  The final residue 

contains cellulose, hemicellulose and lignin.  This method 

is rapid, easy to perform, and it predicts digestible energy 

better than the crude fiber method.  Unfortunately, the 

water soluble fiber, such as pectin, is lost during the 

analysis (Englyst, Wiggins, and Cummings, 1982).  Therefore, 

the NDF procedure underestimates the fiber content of 

fruits, which have a high proportion of water soluble fibers 

(Southgate, Hudson, and Englyst, 1978). 

In addition, Englyst (1981) reported the NDF procedure 

underestimates the fiber content of nearly all leafy and 

root vegetables.  For starchy materials, such as potatoes, 

the NDF reagent does not solubilize starch efficiently (Asp 

and Johansson, 1981).  Several workers have found that NDF 

residues from starch foods are contaminated with starch and 

they have found it necessary to treat either the food or the 

residue with an amylase preparation to remove residual 

starch (Southgate, Hudson, and Englyst, 1978). 

Schaller (1981) modified the NDF procedure by including 

the amylase treatment after the filtration is completed. 
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This method removes residual starch from NDF residue 

(Selvendran and Dupont, 1984).  Schaller's method was 

adopted by the American Association of Cereal Chemists 

(AACC). 

Acid Detergent Fiber (ADF) determines cellulose and 

lignin when the dried sample was refluxed with 

cetyltrimethylammonium bromide in sulfuric acid (Van Soest 

and Wines, 1967).  This method has the advantage of being 

quick and easy (McConnell and Eastwood, 1974).  However, the 

acid-soluble lignin was lost during the acid treatment 

(Selvendran and Dupont, 1984).  Morrison (1980) reported 

that ADF preparations contain residual hemicelluloses. 

In Southgate's procedure starch is first removed by 

enzymatic hydrolysis using amyloglucosidase and the residue 

is separated into cellulose, noncellulosic polysaccharides, 

and lignin by a series of extraction steps.  After acid 

hydrolysis of each fraction the component sugars are 

measured colorimetrically (Southgate, 1969).  This method 

has been criticized because it is very time consuming and 

uses nonspecific colorimetric techniques for sugar analysis 

and does not completely eliminate starch from some foods 

(Englyst, Wiggins, and Cummings, 1982).  However, the method 

has been modified to use GLC to detect monosaccharides.  The 

result is a method with improved specificity (Southgate et 

al., 1978). 
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Hellendoorn et al.    (1975) developed a rapid enzymatic 

method for fiber analysis by using protease and amylase, 

which models the human digestive tract.  However, this 

method measures only insoluble dietary fiber components.  In 

the enzymatic gravimetric methods of Furda (1977), Schweizer 

and Wursch (1979), and Asp and Johansson (1981), the soluble 

polysaccharides are precipitated with alcohol and recovered 

by filtration and centrifugation. 

The method of Theander and Aman (1986) and Englyst et 

al.    (1988) are based on chemical separation and gas-liquid 

chromatographic determination of individual sugars.  The 

procedure of Englyst differs from that of Theander and Aman 

(1986) in starch hydrolysis.  Englyst et al.    (1988) used 

DMSO, a-amylase and pullulanase instead of Termamyl and 

glucoamylase.  Englyst's method does not measure lignin and 

uses indirect techniques, measurement by difference, to 

estimate certain fractions.  Klason lignin may overestimate 

the true lignin content of most foods.  Englyst et al. 

(1988) avoid this problem by measuring only the nonstarch 

polysaccharides (Anderson and Bridges, 1988) .  However, 

comparison of the method of Englyst and Theander and Amen 

provide good agreement for the total DF content of the foods 

without lignin value. 

The separation of neutral saccharides by HPLC is well 

developed and can be used as an alternative to gas 

chromatography (Slavin and Marlett, 1983). 
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A group of analytical chemists have developed a rapid 

method to analyze DF in food (Prosky et al.,   1984).  This 

method has been approved by the AOAC.  This procedure 

involves enzymatic removal of protein and starch.  The 

residue is corrected for ash and protein content, and the 

fiber is determined gravimetrically.  Although rapidly 

yielding results, this procedure does not distinguish 

between the soluble and insoluble fiber components which 

have physiological significance (Mongeau and Brassard, 

1986) . 

Prosky et al. (1988) have modified the above method to 

give separate values for soluble dietary fiber and insoluble 

dietary fiber, as well as total dietary fiber by filtering 

the insoluble dietary fiber before precipitating the soluble 

dietary fiber with ethanol.  Even though there was excellent 

agreement between the total dietary fiber determined by 

independent analysis and the total dietary fiber determined 

by summing the insoluble dietary fiber and soluble dietary 

fiber, the authors report that the precision of the method 

for the individual fractions, especially for soluble dietary 

fiber, is not yet satisfactory. 

Wolters et al.    (1992) have compared the AOAC and 

Englyst methods.  They reported a discrepancy between the 

total amount of fiber and the nonstarch polysaccharide 

composition of the dietary fiber determined by the AOAC and 

Englyst methods.  This is because of either overestimation 
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of the amount of dietary fiber in the AOAC method or to 

underestimation of the amount of dietary fiber in the 

Englyst method, or both.  Mongeau and Brassard (1989) 

reported that the difference between the amounts of dietary 

fiber determined by the AOAC and Englyst methods cannot be 

explained by lignin only.  Coprecipitation of 

oligosaccharides and Maillard reaction products can be a 

problem in methods in which the ethanol-insoluble residue is 

isolated (such as the AOAC method), especially for products 

rich in starch or protein (Marlett and Navis, 1988).  A loss 

of NSP in the Englyst method could occur during hydrolysis 

or derivatization of the polysaccharides. 

Lee and Prosky (1992) reported that the soluble dietary 

fiber values generated by the AOAC method were lower than by 

Englyst method.  One possible explanation is that the AOAC 

method uses lower pH (pH 4.5) than the Englyst method (pH 

7).  More soluble dietary fiber might be extracted at a 

neutral pH than at a lower pH.  They concluded that both the 

AOAC method and the colorimetric Englyst method are well 

suited for routine analysis of dietary fiber because the 

methods are relatively rapid and no sophisticated equipment 

is needed.  However, the main limitation of this 

colorimetric method is its dependence on nonspecific color 

reactions of reducing sugars.  Because these reducing sugars 

react with chromogens, depending on the type of sugar or 

uronic acid present, the method requires extensive 



11 

calibration against enzymatic-GLC or enzymatic-gravimetric 

reference methods (Lee and Prosky, 1992). 
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2.3  Effect of Cooking on Dietary Fiber 

Since food is subjected to different processing 

conditions in order to increase its shelf life, inhibit 

microbes, and improve its quality, examinations of the 

effects of processing deserve more attention.  Several 

studies have indicated that the components of dietary fiber 

may be affected by processing. 

Bettelheim and Sterling (1955) reported that by boiling 

potato, the pectin component of the cell wall depolymerises. 

The result is an increase in the solubility of pectin which 

is lost in the cooking water and a decrease in the methoxyl 

content of pectin in the cell wall. 

Matthee and Appledorf (1978) analyzed several 

vegetables by neutral detergent fiber, acid detergent fiber, 

crude fiber and cellulose extraction.  They found that the 

cellulose content significantly increased after cooking in 

boiling water, while lignin and hemicellulose value were not 

affected. 

Anderson and Clydesdale (1980) reported that wet heat 

processing tended to first solubilize and then destroyed the 

pectic substances.  Varo et al. (1984) investigated the 

effect of autoelaving, microwaving and baking on the fiber 

content of potato.  They found an increase in the dietary 

fiber as a result of each cooking method.  The smallest 

increase was a result of baking.  They also reported a 
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dissolution of the hemicellulosic and pectin components of 

the cell wall.  The loss of pectin and hemicellulose from 

the potato cell wall with cooking may also increase the 

relative percentage of water insoluble dietary fiber.  In an 

interlaboratory study, Varo et  al.    (1983) observed that the 

cellulose content of processed potato was significantly 

greater than that of raw potato.  The increase in fiber 

content may be a result of the formation of resistant starch 

which measures as dietary fiber. 

Also, Mullin and Smith (1991) examined the content of 

dietary fiber of cooked potato.  The study showed that in 

all the cooking treatments the apparent total dietary fiber 

increased.  And there was no consistent change in the 

soluble/insoluble ratio due to cooking. 

Many other studies have reported that thermal 

processing made the starch less available to enzymes and 

thus increased the dietary fiber value.  Tovar et al. (1990) 

analyzed the starch content of cooked red kidney beans. 

They found that the starch content of a raw red kidney bean 

flour was higher than that of a cooked and blended and of a 

cooked, freeze-dried, and milled preparation of the seeds. 

And the dietary fiber content in cooked beans is higher than 

in raw seeds due mainly to the presence of resistant starch. 

Chang and Morris (1990) reported that effects on 

dietary fiber fractions depended on fiber type and 

processing method.  Autoclaving reduced insoluble dietary 
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fiber of apple and oat bran.  Microwave heating reduced 

total dietary fiber in apple and oat bran and insoluble 

dietary fiber in oat bran but increased the soluble dietary 

fiber of apple.  And all treatments decreased the soluble 

dietary fiber in corn fiber.  They noted that in the highest 

protein-containing fiber, soy, the protein content decreased 

and the insoluble dietary fiber level increased during 

processing.  This supports the theory that an increased 

level of Maillard reaction products may be measured as part 

of dietary fiber. 

Similar results have been reported by Vidal-Valverde 

and Frias (1991).  They reported that the lignin and 

cellulose contents generally increased in chick peas and 

kidney beans which required lengthy cooking times. 

Possibly, as a result of cooking, new components such as 

Maillard products or those from condensation of proteins and 

tannins could be formed and isolated as "fiber components." 

Phillips and Palmer (1991) investigated the impact of 

freezer-drying and heating procedures on the amount of 

soluble and insoluble fiber in carrots.  What they found was 

that heating for 1.25 hr at 1210C caused a 3-5 fold increase 

in soluble fiber and a comparable decrease in insoluble 

fiber, suggesting a conversion of the latter to the former. 

Carrots that had been cooked in a typical manner (boiled for 

15 min) had moderately more soluble fiber than the raw 

product, but only if the assay procedure did not include 
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gelatinization.  If gelatinization was a part of the 

procedure, preparative cooking greatly increased soluble 

fiber, but only if samples were not freeze-dried; little 

difference was apparent in freeze-dried samples.  This 

result is especially significant since routine dietary fiber 

methods generally include freeze-drying and gelatinization. 

Under these conditions, differences in the amount of fiber 

in cooked and raw carrots may be obscured.  Their (Phillips 

and Palmer, 1991) study suggested that cooking and/or 

gelatinization resulted in increased solubilization of 

pectin (polygalacturonan) and arabinogalactan. 

The processing of food can change not only chemical 

properties but also physical structure.  Chang and Morris 

(1990) investigated the processing effect on the physical 

structure of the fiber.  They examined samples of apple 

fiber, corn fiber, oat bran, and soy fiber which were heat 

processed in the autoclave and by microwave heat.  The 

results showed that the autoclave and microwave heated fiber 

had a much greater surface area, as reflected by increased 

furrowing and cracking on the surface of the heat treated 

fiber.  These physical changes on the surface of the fiber 

may influence their physiological roles, including water 

holding capacity, bile salt binding, or mineral binding. 
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2.4  Physiological Properties of Dietary Fiber 

Over the past few decades, following the observations 

and hypotheses regarding "fiber deficiency syndromes" by 

Cleave (Cleave and Campbell, 1966), numerous researchers 

have discovered the relationship between dietary fiber 

consumption and various health and disease states. 

According to the Institute of Food Technologists' 

Expert Panel (IFT, 1979), dietary fiber is of definite value 

in relieving constipation problems, probable value in 

treating or preventing diverticular disease and possible 

value in reducing serum cholesterol and preventing other 

western-risk diseases. 

Hughes (1991) reported that the health benefits 

associated with the consumption of dietary fiber result from 

a combination of physiological changes.  He suggested four 

categories of the physiological effects of dietary fiber: 

(1) increasing fecal bulk, and decreasing transit time, (2) 

binding bile acids, (3) degrading to short-chain fatty acids 

in the large intestine, and (4) increasing viscosity and 

slowing digestion and absorption. 

The physical and chemical properties of each of the 

components of fiber appear to be important in determining 

the physiological response to sources of fiber in the diet. 

The physical properties which have been associated with 

selected physiological responses to various fiber sources 
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include particle size, viscosity, water-holding capacity and 

gel formation, and bile acid binding capacity (Schneeman, 

1990) . 

Proven benefits of high-fiber diets are primarily in 

the area of gastrointestinal function.  Many of these 

studies have added wheat bran to the diet.  Heller et al. 

(1980) reported that when coarsely milled bran was used, a 

clear benefit on fecal bulk, fecal water, and transit time 

was seen; fine bran, despite being chemically identical, 

imparted none of those effects. 

The smaller the particle size the more readily 

digestible is the fiber (Cummings, 1984).  Van Soest (1984) 

illustrated a greater digestibility of fine bran versus 

coarse bran with a mean particle size of 0.17 and 0.74 mm, 

respectively.  The greater digestibility of fine bran is 

related to its longer large bowel retention time when 

compared to coarse bran, 27 versus 18 hours. 

Schneeman (1986) reported that increased fecal bulk and 

decreased transit time are physiological effects largely 

associated with insoluble dietary, though soluble dietary 

fiber may play a minor contributing role.  The binding of 

bile acids is primarily associated with soluble dietary 

fibers such as pectin and hemicellulose.  Soluble dietary 

fibers are degraded to short-chain fatty acids in the large 

intestine to a greater extent than insoluble dietary fibers. 

Soluble dietary fibers are also primarily responsible for 
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increasing the viscosity of the intestinal lumen and slowing 

the digestive and absorptive process. 

Stephen (1985) reported sources of fiber which have a 

high solubility can be readily degraded by bacteria, 

probably because the water-holding capacity allows the 

bacteria to penetrate the fiber matrix.  The increase in 

bacterial mass due to the fermentability of soluble fiber 

sources may be sufficient to lead to a modest increase in 

fecal bulk.  In contrast, insoluble sources cannot be 

penetrated as well by bacteria and cannot be broken down as 

extensively.  Hence, residual fiber is present and a matrix 

is maintained in the large bowel contents and bacterial mass 

is increased. 

In general, the greater the stool bulk, which is 

defined as the combined wet and dry weight of the stool, the 

shorter is the intestinal transit time (ITT).  Another 

factor which has been related to the ability of dietary 

fiber to decrease ITT is its water binding capacity (WBC). 

McConnell et al.    (1974) proposed that the WBC of food fiber 

sources may be the functional property that correlates with 

ITT.  The WBC of dietary fiber sources can be rated in 

decreasing order as follows: pectin, apple, cabbage, carrot, 

and wheat bran, using centrifugation (McConnell et al., 

1974) . 

Robertson and Eastwood (1981) reported the most 

important mechanism whereby dietary fiber increases stool 
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weight is through the water-holding capacity of unfermented 

fiber, eg. wheat bran.  The greater the water holding 

capacity of the bran, the greater the effect on stool 

weight. 

The interrelationship between WBC of food fiber and the 

effect on intestinal transit time is not a simple one and 

has not been resolved.  However, it appears that the 

chemical composition, size and structure of dietary fiber 

can be related to its ability to bind water in vitro and its 

degree of fermentation and thus affect intestinal transit. 

The interrelationship between dietary fiber and two 

diseases, artherosclerosis and colon cancer, will be 

discussed in this review.  These disease states were chosen 

due to their morbidity and mortality. 

2.4.1  Dietary Fiber and Artherosclerosis 

Wells and Ershoff (1961) were among the first 

researchers to illustrate that dietary cholesterol can 

affect liver and serum cholesterol levels.  The addition of 

1% cholesterol to the diet of rats produced a 15% increase 

in plasma cholesterol and a ten-fold increase in liver 

cholesterol.  When 5% pectin was added to the cholesterol 

containing diet, serum cholesterol levels did not change and 

liver cholesterol increased only three-fold. 

Miettenen and Tarpila (1977) reported that diets 

supplemented with guar gum and pectin have been shown to 
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reduce serum cholesterol levels by 10-16%, respectively, in 

hyperlipidemic patients.  Kirby et al.    (1981) supplemented 

the diets of hyperlipidemic men daily with 100 g of oat 

bran.  The result was a 13% reduction in mean serum 

cholesterol levels, a 14% decrease of low density 

lipoproteins (LDL) and no change in HDL.  Oat bran contains 

approximately 15.3% of soluble fiber while wheat bran 

contains approximately 3.6% (Chen and Anderson, 1986). 

The study of Hamilton et al.    (1989) was designed to 

determine hypocholesterolemic effects of a processed ready- 

to-eat cereal containing oat bran.  Hypercholesterolemic men 

were admitted to a metabolic ward for four weeks.  The 

participants ate two ounces of the cereal, containing 3 0 g 

oat bran with 4 g soluble fiber, as a supplement to a 

typical American diet for two weeks.  Compared to a two-week 

control period in which the patients ate two ounces of corn 

flakes, serum total cholesterol significantly decreased 7% 

with the oat bran cereal.  LDL-cholesterol also 

significantly decreased 11%, while HDL-cholesterol remained 

unchanged. 

Anderson and Siesel (1990) reported the result of 

comparison of oat bran to wheat bran.  With oat bran 

supplementation serum total cholesterol decreased 13%, LDL- 

cholesterol decreased 15%, and apolipoprotein B-100 

decreased 15%.  Oat bran slightly reduced triglycerides and 

apolipoprotein A-l.  Wheat bran slightly reduced total serum 
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cholesterol, LDL-cholesterol, apolipoprotein B-100, 

apolipoprotein A-l, and triglycerides.  Both oat bran and 

wheat bran supplementation lowered HDL-cholesterol 7%.  Oat 

bran significantly reduced total serum cholesterol, LDL- 

cholesterol, and apolipoprotein B-100 while wheat bran did 

not significantly change these lipid parameters. 

Several mechanisms have been proposed to explain how 

dietary fiber affects serum cholesterol levels.  Mechanisms 

cited suggest that bile acids bind strongly to dietary 

fibers, possibly increasing fecal bile acid excretion 

(Vahouny et al., 1980).  Oat bran and oat gum have important 

hypocholesterolemic actions.  These fibers hydrate during 

digestion, forming gels and viscous solutions which entrap 

bile acids.  This results in fewer bile acids available for 

micelle formation, leading to impaired lipid, cholesterol, 

and bile acid absorption (Story and Kritchevsky, 1976). 

However, the relationship between reduced serum 

cholesterol and increased fecal bile acid excretion is 

inconsistent.  Anderson et al. (1984) reported that oat bran 

increases fecal bile acid excretion, while beans decrease 

fecal bile acid excretion.  Oat bran and beans both 

significantly reduce serum cholesterol. 

Anderson et al. (1992) reported that dietary fibers may 

decrease serum cholesterol by altering lipid metabolism and 

interfering with lipid absorption from the small intestine. 

Soluble fiber delays gastric emptying in rats and humans. 
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slowing access of nutrients to digestive enzymes and 

absorptive surfaces of the small intestine.  Decreased 

gastric emptying in response to a diet high in viscous fiber 

retards lipid digestion.  Fiber binds bile acids and 

decreases their availability for optimal fat digestion and 

absorption. 

Another possible mechanism is related to short-chain 

fatty acids (SCFA).  SCFA (including butyrate, propionate, 

and acetate) are produced from the degradation of soluble 

dietary fiber in the large intestine (Cummings, 1984), and 

can be utilized by intestinal cells for energy or enter the 

blood.  Propionate produced by the degradation of soluble 

dietary fiber is metabolized by the liver, where it has been 

hypothesized to inhibit cholesterol synthesis and accelerate 

LDL cholesterol clearance (Chen and Anderson, 1986). 

2.4.2  Dietary Fiber and Colon Cancer 

Colon cancer is the most common cause of cancer-related 

death in the U.S. after lung cancer.  Colon cancer is 

positively correlated with high-fat and high-protein diets, 

but negatively correlated with high complex carbohydrate and 

high dietary fiber intake (NRC, 1989). 

Lanza (1990) summarized some 48 different studies on 

the relationship of dietary fiber to colon cancer.  Thirty 

eight of the studies (79%) showed a positive inverse 
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relationship, 7(15%) showed no significant association, and 

3(6%) showed a negative or direct relationship. 

Cummings and Bingham (1987) summarized daily intake of 

nonstarch polysaccharides and cancer incidence in several 

populations.  Japan, whose intake is 61% that of rural 

Denmark, exhibits 40% lower cancer incidence.  Walker et al. 

(1986) found fiber intakes of South African blacks, 

Coloreds, Indians, and whites to be similar, but the 

incidence of colon cancer in these four groups is vastly 

different.  It is obvious that other factors in the diet 

must be considered. 

The mechanisms proposed for beneficial involvement of 

dietary fiber in colon cancer prevention include increasing 

fecal bulk and thereby decreasing the concentration of 

carcinogens, co-carcinogens, and/or promoters, and 

decreasing transit time to minimize exposure of intestinal 

cells to these compounds (Reddy, 1987). 

Bile acids are potential carcinogens, and the binding 

and inactivating of bile acids by dietary fiber is also 

hypothesized to reduce colon cancer risk. 

Finally, some of the short-chain fatty acids produced 

by dietary fiber degradation in the large intestine are used 

by intestinal cells for energy.  Short-chain fatty acids are 

hypothesized to be an important energy source for cells in 

the large intestine and necessary for maintenance of healthy 

intestinal cells (Schneeman, 1987). 
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Production of SCFA may affect the pH of the intestine. 

Walker et al.    (1986) found that fiber intakes of South 

African racial groups with different incidence of colon 

cancer were similar, but fecal pH was higher in the groups 

with higher incidence.  These observations need further 

research. 
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3.0  MATERIALS AND METHODS 

3.1  Samples and Sample Preparation 

All samples were obtained at a local commercial 

processing plant.  The processed and raw samples were from 

the same lot of Royal Chantenay carrots.  Raw samples were 

collected directly from the receiving area prior to washing. 

The carrots to be processed were initially cooked outside 

prior to peeling.  Carrots were then separated by size, the 

larger carrots (CW6) to be canned and the smaller carrots 

(CW8) to be frozen.  The CW6 carrots were sliced to ~5 mm 

thickness and packed in 3 03 cans prior to commercial 

cooking.  Whole CW8 carrots were steam blanched, fast frozen 

and packaged in bulk.  A 10 kg pooled sample was collected 

for each of the 4 treatments: CW6 raw carrots, CW8 raw 

carrots, canned, and frozen product. 

Each of the 4 treatments was divided in half; one half 

was analyzed without further treatment and the other after 

simulated home-cooking.  Prior to analysis, each of the 

pooled samples was homogenized in a Waring blender.  All 

cooked samples and the canned product were drained and 

homogenized.  Subsamples were freeze-dried for moisture 

determination by difference.  All further analyses were then 
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done on the freeze-dried samples.  The cooking time varied 

for each product, determined by the perceived firmness of 

the "ready-to-serve" product.  The cooked-CW6 carrots were 

prepared from the corresponding raw carrots by washing, 

peeling, slicing to 5 mm thickness, boiling for 5 min and 

subsequent draining for 5 min.  The cooked-CW8 carrots were 

prepared from the corresponding CW8 raw carrots by washing, 

peeling, boiling for 15 min and subsequent draining for 5 

min.  The cooked-frozen carrots were prepared by boiling the 

frozen product for 15 min followed by 5 min draining.  The 

cooked-canned carrots were prepared by draining the canned 

product, boiling for 2 min and subsequent draining for 5 

min.  Following cooking, all samples were homogenized and 

freeze-dried as described above. 

3.2  Preparation of Total NSP 

The sample preparation procedure for total NSP was 

adapted from the method of Englyst and Cummings (1988).  To 

a 150-200 mg freeze-dried sample was added 2 mL 

dimethylsulfoxide and the resulting suspension immersed in a 

1000C bath for 1 hr.  Sodium acetate buffer (8 mL, 0.1 M, pH 

5.2) was then added followed by addition of 39 mg pancreatin 

(Sigma Chem. Co.) in .5 mL reaction buffer and 80 pL of 

pullulanase solution (pullanase suspension, EC 3.2.1.4, 

Boehringer Mannheim Biochem., diluted 1:100 with water). 
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The resulting suspension was stored in a 42 0C bath for 16 hr 

with periodic shaking.  Solubilized NSP was then 

precipitated by addition of ethanol to 80% and the residue 

separated by centrifugation.  The residue was washed twice 

with 85% ethanol, then with acetone, and dried under vacuum. 

3.3  Preparation of Soluble NSP 

The extraction procedure is described schematically in 

Figure 1.  A 300-350 mg sample was dispersed in 10 mL water 

containing 30 mg pepsin, the pH adjusted to 1.5 with HC1, 

and the suspension incubated with orbital agitation at 3 8 0C 

for 1 hr.  Ten mL of 0.1 M Na-phosphate buffer, pH 6.8, 

containing 3 0 mg pancreatin was then added, the pH 

readjusted to 6.8, a few crystals of thymol added and 

incubation continued another 16 hr.  The incubation was 

terminated by filtering the sample, washing the retentate 

with 10 mL incubation buffer and combining the filtrates. 

The pH of the combined filtrate was then adjusted to 5.2, 

ethanol was added to a final concentration of 80% (v/v) and 

the precipitate allowed to settle for 1 hr. 

The precipitated soluble fiber was separated by 

centrifugation, washed and dried as described. 
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Figure 1. Schematic of Soluble Nonstarch Polysaccharide(NSP) 
Extraction and Analysis 
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3.4  Analysis of Component Sugars and Moisture 

The total and soluble NSP residues were hydrolyzed with 

sulfuric acid using the primary and secondary hydrolysis 

scheme of Englyst and Cummings (1988).  Neutral sugars in 

the hydrolysate were derivitized to alditol acetates and 

separated by gas liquid chromatography (Englyst and 

Cummings, 1988).  Quantitation of constituent sugars was 

achieved by utilizing relative response factors determined 

by the internal standard method.  Sugar standards were 

purchased from Pfanstiehl Laboratories, Inc., Waukegan, IL., 

and myoinositol was used as internal standard.  Uronic acids 

were quantified by the spectrophotometric method of Scott 

(1979) . 

Gas liquid chromatography was performed on a Varian 

1400 chromatograph equipped with a flame ionization 

detector, an HP 3380A integrator and a 2 m X 2 mm i.d. glass 

column packed with 3% SP-2340 on 100/120 Supelcoport 

(Supelco, Beliefonte, PA).  Chromatography operating 

conditions were: column temperature, 225 0C; detector, 275 0C; 

carrier gas (nitrogen) flow rate, 15 mL/min.  Moisture 

determinations were done on representative samples drying at 

7 0 0C to constant weight (-16 hr) . 
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3.5  Statistical Analyses 

Differences in content of neutral sugars, uronic acids, 

total NSP and soluble NSP between treatments were determined 

by one way analysis of variance at the 99% confidence level. 

Relative changes in the polysaccharide composition of the 

total NSP and soluble NSP fractions were analyzed by two way 

analysis of variance.  Statistical analyses were done with 

the SAS statistical analysis program (Anonymous, 1982). 
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4.0  RESULTS 

4.1  Total Nonstarch Polvsaccharides 

The total nonstarch polysaccharide content of the 

carrot preparations are presented in Table 1.  The CW6 and 

CW8 carrots differed in size but were from the same lot. 

The larger carrots, CW6, were used to produce the sliced 

canned carrots.  The frozen product consisted of the smaller 

carrots, CW8, frozen whole.  The two raw carrot preparations 

were not significantly different, each containing about 21 g 

of total NSP/100 g dry matter.  The NSP content of these 

carrots was similar to the value reported previously for 

unidentified varieties of carrots (Englyst et al., 1988). 

Processing and simulated home-cooking significantly 

influenced amount of NSP/unit dry weight.  The canning and 

freezing processes each resulted in a relatively small 

increase in total NSP per unit dry weight, about 28% and 

12%, respectively.  The effect of cooking on total NSP 

fraction was dependent on the carrot preparation.  Cooking 

resulted in a greater increase in the total NSP/unit dry 

weight of raw sliced carrots (70%) than for raw whole 

carrots (32%).  Simulated home cooking of the processed 

carrots resulted in the largest increase in total NSP 



Table 1. Total Nonstarch Polysaccharides in Carrots8 

Composition,   g r/lOOg  dry ■ wt.b 

Sample Total rham ara xyl man gal glu uac 

Raw CW6 20.2f 0.44e 1.43d 0.41f 0.46e 3.05d 7. . 40e 7.07de 

Cooked CW6 34. 5b 0.74ab 2.3 6b 0 . 7 0bc 0.79b 4.87b 12 . 57b 12.46a 

Raw CW8 21.7f 0.46de 1.41d 0.46ef 0 . 54de 2.94d 8. . 32de 7.57cd 

Cooked CW8 28. 7d 0.62c 1.89c 0.66bc 0.71bc 3.79c 11. . 03c 10.00b 

Canned CW6 25.8e 0.50de 1.96c 0 . 62cd 0.64cd 4.11c 11. .20bc 6.81e 

Cooked Canned 40. la 0.77a 3.11a 1.03a 1.04a 6.43a 18. . 04a 9.68b 

Frozen CW8 24. 4e 0.52d 1.90c 0.55de 0.52de 3.88c 9. . 19d 7.83c 

Cooked Frozen 31. 9C 0.68b 2.54b 0.73b 0.69bc 5.20b 12. . 15bc 9.91b 

CV(%) 3.8 5.6 9.0 6.5 10.0 4.6 6. .3 4.0 

LSD 2.13 0.07 0.37 0.09 0.14 0.40 1. .41 0.70 

a Means in columns not sharing a common superscript letter are significantly 
different, p<0.01. 

b rham = rhamnose; ara = arabinose; xyl = xylose; man = mannose; gal = galactose; 
glu = glucose; uac = uronic acid 

to 
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relative to raw product.  Cooking the canned product nearly 

doubled its total NSP content/unit dry weight relative to 

the original raw CW6 carrots.  The total NSP content of the 

smaller whole carrots, CW8, was increased to the greatest 

extent by cooking of the frozen product. 

The principal sugars that comprised the total NSP were 

glucose and uronic acids, with lesser amounts of galactose 

and arabinose (Table 1).  This indicated a high proportion 

of the NSP was composed of pectic polysaccharides and 

cellulose.  These results agreed with those of Stevens and 

Selvendran (1984), who concluded that the preponderant 

polymers of carrot cell walls were pectic polysaccharides 

with associated galactans and arabinans.  The statistical 

data (Table 2) indicate that the increases in total NSP due 

to processing and cooking were, in general, due to a 

nonselective increase in all of the constituent 

polysaccharides.  The percent difference (residuals) between 

the ANOVA predicted values, based on the ratio given in the 

final column of Table 2, and the measured values, given in 

Table 1, was generally less than 10%.  The exception to this 

was the value for uronic acids.  The large negative residual 

for the canned, (-17.1%), and the canned-cooked, (-24.9%), 

uronic acids may reflect a loss of pectic polysaccharides 

relative to the other NSP.  The apparent loss of pectic 

polysaccharides appears related to the commercial 

cook/sterilization process that is unique to the canned 



Table 2. Comparison of ANOVA Derived and Measured Total Nonstarch Polysaccharides 
in Carrots3 

Composition, g/lOOg dry wt. b 

Sample Total rham ara xyl man gal glu uac Ratio 

Raw CW6 19.9 0.42 1.44 0.45 0.47 2.98 7. .80 6 .28 1, .000 
Residual 1.5% 5.5% -0.7% -9.2% -2.3% 2.2% -5. . 1% 12, .4% 

Cooked CW6 33.8 0.70 2.45 0.76 0.80 5.06 13. .22 10 .66 1, .697 
Residual 1.9% 5.0% -3.5% -7.9% -1.0% -3.9% -4. .9% 16, .8% 

Raw CW8 21.4 0.45 1.55 0.48 0.50 3.20 8, .37 6, .75 1. .074 
Residual 1.3% 3.8% -8.8% -3.1% 6.4% -8.3% -0, .6% 12, .2% 

Cooked CW8 28.6 0.60 2.07 0.64 0.67 4.27 11. .16 9. .00 1. .432 
Residual 0.4% 3.4% -8.4% 3.6% 5.4% -11.3% -1. .2% 11. .0% 

Canned CW6 26.1 0.54 *  1.89 0.58 0.61 3.90 10. .19 8, .22 1, .307 
Residual -0.9% -8.8% 4.1% 5.8% 4.9% 5.3% 10. . 0% -17. . 1% 

Cooked Canned 40.9 0.85 2.96 0.92 0.96 6.12 15. .98 12, .89 2, .051 
Residual -2.0% -9.2% 5.2% 12.7% 7.6% 5.1% 12. .9% -24. .9% 

Frozen CW6 24.5 0.51 1.77 0.55 0.58 3.67 9. ,58 7. .73 1. ,229 
Residual -0.6% 1.0% 7.4% 0.2% -9.0% 5.6% -4. . 1% 1. .3% 

Cooked Frozen 32.3 0.67 2.34 0.72 0.76 4.84 12. ,63 10. .18 1. .620 
Residual -1.3% 1.3% 8.6% 1.0% -9.7% 7.6% -3. ,8% -2. .7% 

Values given are predicted based on two-way ANOVA.  Residuals 
actual measured values (Table 1) and those predicted, 
rham = rhamnose; ara = arabinose; xyl = xylose; man = mannose; 
uac = uronic acid 

represent the % difference in the 

gal = galactose; glu = glucose; 
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products.  The large negative residuals for the uronic acids 

and the negative, although somewhat smaller, residuals for 

rhamnose in canned products suggested some leaching of 

rhamnogalacturonan polymers during commercial sterilization. 

4.2  Soluble Nonstarch Polvsaccharides 

The isolation scheme used to prepare the soluble NSP 

fraction, (Fig. 1), simulated digestive processes in the 

intestinal tract, thereby providing a physiologically 

relevant estimate of soluble fiber content.  The soluble NSP 

content of the different preparations varied in a manner 

similar to that of total NSP (Table 3).  The cooked-canned, 

cooked-frozen, and the sliced, cooked carrots (CW6) were 

highest in soluble NSP/unit dry weight.  The cooked-canned 

preparation had about 2.5-fold more soluble NSP than the 

corresponding raw starting material.  This compared with a 

2.0-fold increase in the total NSP for the same two 

preparations. 

The principal sugars that comprised the soluble NSP of 

carrot in all of the preparations studied were uronic acids, 

galactose, arabinose, and rhamnose (Table 3).  The sugar 

composition confirmed the preponderance of pectic 

polysaccharides in the soluble NSP fraction.  The sugar 

composition could be rationalized by considering that carrot 

contains significant quantities of rhamnogalacturonan 



Table 3. Soluble Nonstarch Polysaccharides in Carrots3 

Composit ion. g/lOOg  dry wt.b 

Sample Total rham ara xyl man gal glu uac 

Raw CW6 5.4e 0.10e 0.86de tr tr 1.56d tr 2.84e 

Cooked  CW6 8.8C 0.17c 1.08c tr tr 2.22c tr 5.39c 

Raw CW8 5.2e 0.10e 0.71e tr tr 1.52d tr 2.91e 

Cooked CW8 9.5C 0.18d 1.00cd tr tr 2.20c tr 6.11b 

Canned CW6 9.4C 0.20c 1.32b ■ tr tr 2.77b tr 5.15c 

Cooked Canned 13. 6a 0.3 9a 2.03a tr tr 4.17a tr 7.00a 

Frozen CW8 6.8d 0.12s 0.84de tr tr 1.94cd tr 3.93d 

Cooked Frozen 11. lb 0.24b 1.32b tr tr 2.96b tr 6.61ab 

CV(%) 3.9 6.0 6.9 8.9 4.6 

LSD 0.81 0.03 0.19 0.52 0.56 

a Means in columns not sharing a common superscript letter are significantly 
different, p<0.01. 

b rham = rhamnose; ara = arabinose; xyl = xylose; man = mannose; gal = galactose; 
glu = glucose; uac = uronic acid 
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polysaccharides as well as other pectic polysaccharides 

containing arabinose and galactose (Stevens and Selvendran, 

1984).  Similar to the measures of total NSP, the sugar 

composition of the soluble NSP from different preparations 

indicates a non-selective increase in soluble NSP fraction 

of the processed carrots relative to raw carrots.  This was 

evident when we compared the residuals resulting from 

comparison of measured data (Table 3) and the values 

obtained by ANOVA based on ratios given in Table 4.  The 

data suggested the presence of the same polysaccharides in 

the soluble fractions of each preparation.  However, the 

actual polysaccharide composition could not be derived from 

the presented data.  Further studies are required to 

definitively determine the compositional changes occurring 

in the soluble NSP fraction due to commercial processing and 

cooking.  The high residual for rhamnose in the canned- 

cooked preparation relative to the canned preparation or the 

cooked preparation was indicative of the complexity involved 

in following processing effects on this group of 

polysaccharides. 

4.3  Nonstarch Polysaccharide Content per Serving Size 

The relative amount of fiber in the carrot preparations 

was different when considered on a wet weight basis (Table 

5).  These relative changes were due to differences in 



Table 4. Comparison of ANOVA Derived and Measured Soluble Nonstarch Polysaccharides 
in Carrotsa 

Composition, g/lOOg dry wt. 

Sample Total rham ara 

Raw CW6 
Residual 

Cooked CW6 
Residual 

Raw CW8 
Residual 

Cooked CW8 
Residual 

Canned CW6 
Residual 

Cooked 
Canned 
Residual 

Frozen CW8 
Residual 

Cooked 
Frozen 
Residual 

xyl man gal glu 

5 .5 0 .11 0.71 
-1 .9% -8 .9% 21.3% 

8 .5 0 .18 1.11 
3. .8% 5. .1% -2.7% 

5 .2 0 .11 0.68 
0 .0% -5 .6% 4.0% 

8 .8 0, .18 1.15 
7, .3% -1. .7% -13.4% 

9. .7 0. .20 1.27 
-2, .9% 3. . 0% 3.9% 

15, .0 0. .31 1.95 
-9. .1% 27. .1% 4.2% 

6. .6 0. .14 0.86 
3. . 0% -9. .6% -3.4% 

11. .0 0. .22 1.44 
1. . 1% 4. .4% -8.1% 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

1.50 
3.5% 

2.34 
-5.1% 

1.44 
5.8% 

2.43 
-9.5% 

2.67 
3.6% 

4.11 
1.4% 

1.82 
6.6% 

3.02 
-2.0% 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

uac Ratio 

3.11 1.000 
-8.7% 

4.86 1.560 
10.9% 

2.98 0.957 
-2.4% 

5.03 1.616 
21.5% 

5.54 1.779 
-7.0% 

8.51 2.735 
-17.8% 

3.78 1.213 
4.0% 

6.27 2.013 
5.4% 

a Values given are predicted based on two-way ANOVA.  Residuals represent the 
% difference in the actual measured values (Table I) and those predicted. 

b rham = rhamnose; ara = arabinose; xyl = xylose; man = mannose; gal = galactose; 
glu = glucose; uac = uronic acid 

oo 



Table 5.  Nonstarch Polysaccharide Content per 100 g serving (~1 cup) of Carrots3 

Sample Total NSP (g) Soluble NSP (g) 

Raw CW6 1. .92e 

Cooked CW6 2. .7 0ab 

Raw CW8 1. . 94e 

Cooked CW8 2. . 4 6cd 

Canned CW6 1. .93e 

Cooked canned 2. .35d 

Frozen CW8 2 . 59bc 

Cooked Frozen 2 . 84a 

CV(%) 3. .6 

LSD 0, .17 

0.51e 

0.69d 

0.47e 

0.81b 

0.70d 

0.80bc 

0.73cd 

0.99a 

Soluble NSP 
Total NSP 

.26 

.26 

.24 

.33 

.36 

.34 

.28 

.35 

4.1 

0.08 

a Means in columns not sharing a common superscript letter are significantly 
different, p<0.01. 
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moisture content of the carrot preparations.  Measured 

moisture contents with standard deviations of 0.1% were raw 

CW6, 90.5, cooked CW6, 92.1, raw CW8, 91.0, cooked CW8, 

91.4, canned, 92.5, cooked-canned, 94.1, frozen, 89.4, and 

cooked-frozen carrots, 91.1.  The cooked frozen carrots 

contained the highest amount of total NSP and soluble 

NSP/serving size.  The raw carrot preparations contained the 

lowest amount of soluble NSP/serving and they, along with 

the canned carrots, contained the lowest total NSP/serving 

size.  In general, quantitation of NSP on a wet weight basis 

resulted in reduced differences between preparations.  For 

example, the ratio of total NSP in the cooked-canned carrots 

and the corresponding raw carrots was 1.98 on a dry weight 

basis and 1.22 on a wet weight basis.  Further, considering 

the extreme values, there was nearly a 2-fold difference in 

total NSP on a dry weight basis compared to 1.5-fold on a 

wet weight basis.  Similarly, the extreme values for soluble 

NSP differed by 2.6-fold on a dry weight basis and 2.1-fold 

on a wet weight basis. 

The ratio of soluble to total NSP/serving is similar 

for the different preparations (Table 5).  The raw carrots 

had the lowest ratio, 0.26, while the canned, 0.36, cooked- 

canned, 0.34, and cooked-frozen, 0.35, had the highest 

ratios.  The data suggested that heat treatments may help 

solubilize a portion of the total NSP.  However, the cooked 

CW6 carrots demonstrated that the relationship of cooking to 



41 

soluble NSP is not simple. The ratio of soluble to total NSP 

remained the same as that of corresponding raw carrots. 
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5.0  DISCUSSION 

Processing and cooking of carrots clearly increased 

their amount of NSP/unit dry weight.  It is extremely 

unlikely that increases in NSP we observed were due to the 

actual formation of new NSP.  The increase in percent NSP 

was likely due to leaching of the more readily solubilized 

solids.  Aside from leaching, processing of food products 

can result in an increase in apparent dietary fiber due to 

formation of products like lignin (Hartley, 1978), which is 

a component of dietary fiber.  However, such products would 

not influence results of our study which are based on the 

specific analysis of NSP. 

The results of our study were in general agreement with 

the findings of Matthee and Appledorf (1978) that cooking 

caused a significant increase in the percent ADF and crude 

fiber of carrots on a dry weight basis.  In the same study 

it was observed that the NDF fraction increased similarly 

after more prolonged cooking.  Zyren et al.    (1983) also 

reported an increase in the NDF fraction of frozen and 

canned carrots due to cooking, their results being analyzed 

on a wet weight basis.  In contrast to those studies, 

Herranz et al.    (1981) observed no increase in NDF or ADF 

fractions of carrots due to cooking on either a wet or dry 
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weight basis.  Lintas and Cappelloni (1988) similarly found 

essentially no effect of cooking on total dietary fiber 

(Prosky et al.,   1985) content of carrots.  Our results agree 

with those of Lintas and Cappelloni (1988) who observed a 

relative increase in soluble to insoluble fiber ratio of 

cooked carrots.  Englyst et al.    (1988) reported the NSP 

content of raw, cooked and canned carrots from supermarkets. 

Their data indicated an apparent increase in total NSP due 

to cooking, analyzed on a dry weight basis, but no apparent 

difference in total NSP analyzed on a wet weight basis. 

Comparison of our soluble NSP data with those of Englyst et 

al.    (1988) demonstrated the significance of the extraction 

procedure used to obtain soluble NSP.  The soluble NSP 

values reported in our study for raw carrots were about 60% 

less than the corresponding values reported by Englyst et 

al.    (1988).  Soluble NSP in our study was defined by the 

extraction procedure of Figure 1, while in the other study 

it was defined as the NSP solubilized in phosphate buffer at 

100 0C. 

Our results indicated that individuals consuming 

different types of carrot preparations are likely to consume 

different quantities of total and soluble fiber/serving. 

This is of relevance to the large number of studies which 

correlate fiber intake of populations and incidence of 

chronic disease.  Differences in fiber content of the 

preparations were dependent on whether the carrots were 
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compared on a wet or dry weight basis.  Consequently, to 

interpret the published values of NSP content in terms of 

human intake, it may be prudent to consider the values on a 

wet or "as is" basis. 
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Appendix   I 

Preparation of Samples 

Raw Carrot 
(Large CW6) 

Wash 
Peel 
Slice 5 mm 

Boil(5 min) 

Drain(5 min) 

Raw ^ 
(CW6W 

Cooked 
(CW6) 

Canned 

Boil ( 2min) 

Drain(5 min) 

[ Canned Cooked 
Canned 

Raw Carrot 
(Small CW8) 

Wash 
Peel 

Boil(15 min) 

Drain(5 min) 

Raw 
(CW8) 

Cooked^ 
(CW8)J 

Boil(15 min) 

Drain(5 min) 

Frozern 
(CW8W 

(CookBd\ 
[^ Frozen) 

Ul 
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Appendix   II 

Analytical Scheme for Total NSP 

c Freeze Dried Sample (150 - 200 mg) 

D Add 2 mL DMSO 

Heat 1 hr at 100 C j 
Add 8 mL buffer (pH 5.2), add pancreatin, and pullulanase solution 

Incubate 16 hrs at 42 0C 

Add 40 mL ethanol 

Leave 1 hr and centrifuge 

Wash twice w/ 85% ethanol J 
Acetone, dried under vacuum 

Totoal NSP 
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Appendix   III 

Analytical Scheme for Soluble NSP 

c Freeze Dried Sample (300 - 350 mg) 

Add 10 mL of H20, adjust to pH 1.5, and add pepsin solution 

c Incubate 1 hr at 38 0C D 
Add 10 mL buffer (pH 6.8) and add pancreatin solution 

Incubate 16 hrs at 38 0C J 
Filter and .adjust to pH 5.2 j 

Precipitate soluble NSP by making filtrate 80% ethanol J 
Leave 1  hr and centrifuge 

Wash twice w/ 85% ethanol 

Acetone, dried under vacuum 

Soluble NSP 
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Appendix IV 

Raw   Raw  Cooked Cooked Canned Cooked Frozen Cooked 
CW-6   CW-8   CW-6   CW-8   CW-6  Canned CW-8  Frozen 

SAMPLE 

The Total NSP Content 
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Appendix V 

Mi 

12 
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Raw Raw 
CW-6        CW-8 

Cooked    Cooked    Canned 
CW-6        CW-8        CW-6 

SAMPLE 

Cooked Frozen 
Canned    CW-8 

Cooked 
Frozen 

The   Soluble NSP  Content 


