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NONSTARCH POLYSACCHARIDES IN SWEET POTATO 

by 

LILLIAN GALLA~DO OCCENA 

(ABSTRACT) 

The composition of the non-starch polysaccha~ides in 

sweet potato was determined and their flatulence-inducing 

potential evaluated. A preparative adaptation of the AOAC 

enzymatic method was used to isolate the insoluble and solu-

ble non-starch polysaccharides. 

The insoluble non-starch fraction was mainly cellulose, 

but contained a substantial amount of hemicellulosic glu-

cose, suggesting the presence of an independent glucan frac-

tion. Relatively small amounts of xylose, galactose, arabi-

nose, mannose, rhamnose and fucose were present. Galactose 

was the predominant sugar in the soluble non-starch polysac-

charide fraction, although substantial quantities of arabi-

nose and mannose were also present. Xylose, rhamnose, glu-

cose and fucose were also present in small quantities. 

Uronic acids also made up a substantial portion of the solu-

ble non-starch polysaccharides. Appreciable protein and ash 



were present in both the insolilble and soluble NSP frac-

tions. 

The in vitro test for gas ~reduction using Clostr-idium 

perfringens as a test organism showed that both the insolu-

ble and soluble non-starch polysacchar-ides are potential 

flatulence-inducers in sweet pota~o. However, the presence 

of the hemicellulosic glucans in the insoluble fraction make 

the latter a more likely candidate for flatus-inducer. 
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IN':'RODUCT!ON 

Although regarded in the United States as a high-energy, 

low-protein food, the sweet potato serves as a fairly impor-

tant protein source in parts of Asia (Walter, et al.,1983). 

Studies at the Asian Vegetable Research and Development Cen-

ter in Taiwan have shown that sweet potato (SP) is a poten-

tial staple or supplemental staple crop in developing coun-

tries in Asia and other tropical and subtrop:cal countries. 

However, a recognized deterrent to the wider utilization of 

sweet potato is the flatulence associated with its inges-

tion. 

Fla~ulence is induced by carbohydrates that escape diges-

tion and absorption in the upper gastrointestinal tract, but 

are microbially degraded and fermented ~o yield the flatus 

gases H2 and co2 , when they reach the colon. In other fla-

tus-generating foods like legumes, the oligosaccharides raf-

finose, stachyose, and verbascose have been identified as 

the factors responsible for flatule~ce (Rackis,1970). Howev-

er, relatively low quantities of raffinose are present in 

sweet potatoes, well below those found in legumes. Hence, it 

seems unlikely that the raffinose present would be suffi-

1 
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cient to generate significant flatulence (Palmer,1982). Wag-

ner, et al.(1976), observed H2 production in the rat follow-

ing ingestion of oligosaccharide-free bean residue. Other 

carbohydrate components like glucans, pentosans hydrolyzable 

in dilute acid, ethanol-insoluble carbohydrates, hemicellu-

loses and even starch have been reported as flatulence in-

ducers in legumes (Jaya, et al., 1979; Fleming, 1981; El 

Faki, et al.,1983). Furthermore, the findings of Salyers, et 

al. ( 1979) that colon bacteria can degrade and utilize a 

wide variety of polysaccharides typical of those found in 

plant cell walls, suggest that virtually any food polysac-

charide which finds its way into the colon is a potential 

source of flatus (Palmer,1982). 

There is virtually nothing in the literature about the 

flatulence factors in sweet potato. Since the role of sweet 

potato carbohydrates in generating flatulence should include 

detailed studies of the sweet potato carbohydrates, the two 

main objectives of this research were: 

1. to determine the composition of the non-starch poly-

saccharides in sweet potato 

2. to evaluate the flatulence inducing potential of the 

non-starch polysaccharides in sweet potato 

The carbohydrate fractions characterized actually repre-

sent the "dietary fiber"of sweet potato. There has been re-
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newed interest in the dietary fiber components cf plant 

foods resulting from epidemiological studies indicating re-

duced incidence of colon cancer, diabetes and certain kinds 

of heart diseases with increased intake of fiber. Results of 

this study would therefore provide ·information on the poten-

tial of sweet potato as a source of dietary fiber. It is 

also hoped that results of this study would provide a basis 

for further research on the role of the non-starch polysac-

charides in determining functional properties, especially 

texture, of cooked sweet potatoes. 

The determination of the non-starch polysaccharides in 

sweet potato included: identification and determination of 

the sugars and uronic acids in the water-soluble and water-

insoluble non-starch polysaccharides; estima~ion of the mo-

lecular weights of the non-starch polysaccharides in the so-

luble fraction; and measurement of physical properties 

related to flatus, such as solubility, water-holding capaci-

ty and susceptibility to fermentation by Clostridium per-

fringens of intestinal origin. The free sugars (including 

raffinose and stachyose) were also identified and determined 

to confirm that oligosaccharides are present only in trace 

concentrations. 



REVIEW OF LITERATURE 

Overview: History, Utilizaticn, Composition and Nutritional 
Value of Sweet Potato 

Although the Sweet potato (lpomea batatas(L)Lam) is said 

to have originated from the American continent somewhere in 

Central or Northwestern South America ca 3000 

B.C.(O'Brien,1972;Yen,1982), it is basically an Asian crop. 

Of all the world's root and tuber crops,the sweet potato is 

second only to white potato in importance. In Asia, however, 

sweet potato is the most important root crop. It was grown 

on about 12.3 million hectares in 1979, representing 92% of 

the world's sweet potato area. Asia also accounted for 92% 

of the world's total production, amounting to 105 million 

metric tons (Villareal,1982). 

The sweet potato is a slender, perennial, herbaceous vine 

(Winarno, 1982), generally grown in the hot lowland tropics 

(Villareal, 1982) the year round and very adaptable to sys-

terns of relay-cropping, intercropping and rotations of vari-

ous crops, even fluori shing in the shade of the coconut 

trees (Wan,1982; Zara et al,1982). 
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The sweet potato is generally considered a high-energy 

food because of its high starch content, providing more ca-

lories than the white potato. Table 1 shows the composition 

of sweet potato compared wi t!-1. other common crops (Winar-

no, 1982; Huang, 1982). Table 2 shows the essential elements 

present in Jewel sweet potato (Lopez et al,1980). The pro-

tein content of sweet potato and its quality (amino acid 

composition + bioavailability) are two of the most important 

factors that deserve attention in using sweet potato as a 

supplemental staple food and feed (Yang,1982). The protein 

content of sweet potato is low (2-3%) when compared to other 

dryland crops (Li,1980;Huang,1982), although its crude value 

and amino acid pattern vary depending upon cultivar, envi-

ronment, cultural management and growth duration. However, 

sweet potato protein is generally high in lysine and there-

fore a good supplemental protein to cereals such as rice or 

wheat where lysine is _the limiting amino acid. Walter and 

Catignani ( 1983) reported isolated sweet potato protein to 

have a protein efficiency ratio(PER) equal to that of ca-

sein. PER value (relative to a PER of 2.5 for ANRC casein) 

of sweet potato flour ranged from 2.5 to 1.3, depending upon 

the cultivar and dehydration treatment. 

In the U.S., sweet potatoes have been grouped by cultivar 

into 2 major classes on the basis of the textural properties 
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TABLE 1 

Composition of sweet potato a~d some common foods per 100 g 

SWEET 
RICE SOYBEAN MUNGBEAN POTATO POTATO 

Moisture(g) 13 8 11 70 67 
Fiber(g) 0.5 18 1.1 0.3 0.1 
Calories 354 325 320 113 75 
Protein(g) 6.5 36.8 22.9 2.3 2.3 
Fe(rng) 0.6 7. 4 4. 9 1. 0 0.7 
Ca(mg) 15 216 86 46 7 
Vi t. A( IU) 0 20 70 71. 0 0 
Vit.Bl(mg) 0.1 0.44 0.52 0.08 0.07 
Vit.B2(mg) 0.04 0.31 0.29 0.05 0.04 
Niacin( mg) 1. 4 3.2 3.1 0.9 1. 0 
Vit. C(mg) 0 0 0 20 7 

Source:AVRDC(l976) 
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TABLE 2 

Content of essential elements in fresh and canned sweet 
potatoes 

Elements Fresh 
(rng/lOOg) 

Canned 
(mg/lOOg) 

Level of 
Statistical 

a 

b 

Ca 17.4 + 4.7° 
Cl 45.6 .J_ 15.l 
Cr < O.Ol4c 

Co < 0.04lc 
Cu c. l3 - 0.03 
Fe 0.59 ± I""\ ~ " u. ~L. 
Mg 18.3 ..:.. 3.3 
Mn 0. 24 .J_ 0.12 -
Mb < 0.24c 

Ni < 0.06c 
p 39.2 ± 4.6 
K 3 ~" Ou - 57 
Si o.~9 ± 0.39 
Na 30.3 .;. 25.2 -
Sn < 0.6lc 
Zn 0.27 ± 0.05 

16.0 
38.9 

< 

< 
0.07 
0 C.."7 . - ' 

- 1 I\ .l.-.-: 

0.20 
< 

< 
25.7 

192 
0.54 

20.0 
< 

0.22 

± 3.8 
± 6.3 

0.014c 
,... 

0. 041·-
± 0.02 
.... O.l5 -

1 . .., 
- I 

± 0.09 
0 __ c 

. .:: :i 

0.062c 
± 2.7 
:t 23 
± 0.22 
+ 12.7 

0.62c 
- 0.03 

Significar.cea 

ns 
ns 

** 
ns 
.;,.;., 

ns 

** 
** 
** 
ns 

** 

Statistical difference in paired "t" test: ns = No 
significance difference at 1% and 5% level ; *=significant 
difference a~ 5% level ; ** = significant difference at 1% 
level. 

Standard Deviation 

Element below the detection of the AAS instrument 

Source: Lopez, et al. (1980) 
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of the baked root: the "yam" type popular in the South has 

a soft, syrupy texture and is a "moist" type while the "dry" 

type has a firm, mealy texture. The terms "moist" and !'dry" 

designate organoleptic characteristics of the baked sweet 

potato and are net related to H2o content (Walter,et 

al., 1975; Fitz.geral·d, 1976). About 60-70~~ of the sweet potato 

in the U.S. (usually the ora::1ge-f le shed varieties) is con-

sumed in the form of cooked, fresh roots or as canned, fro-

zen, or dehydrated foods and is used in a variety of pro-

ducts such as pie fillings, purees, candied pieces, 

scuffles, baby foods (Winarno, 1982). 

In Taiwan, sweet pota~o is cultivated for three distinct 

uses: as human food, animal feed, and industrial raw materi-

al for butanol or ethanol production (Chen,1982). In some 

developing countries like ?apua New Guinea and some parts of 

the Philippines, whe:::-e the sweet potato has been used suc-

cessfully as a staple food, the sweet potato is usually 

boiled alone, or cooked with rice, and the high starch, dry 

and white-fleshed varieties are preferred. The highland Pa-

puans have been reported to subsist almost entirely on the 

sweet potato (Fitzgerald, 1976) eating 3 to 5 kg. of sweet 

potatoes everyday (Villareal,1982). In East Africa, the com-

monly practiced method of preparing sweet potatoes is boil-

ing them unpeeled or roasting them unpeeled in the ashes of 
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a fire. In Korea, sweet potatces are steamed, deep-fried, 

or baked. The sweet potato is recently gaining popularity in 

Taiwan as a dessert, or snack food (Chen,1982), being incor-

porated in hot cakes, gruel, noodles and candy (Hong,1982). 

Despite the potential of sweet potato as a staple, or 

supplemental staple crop in Asia and other tropical and sub-

tropical countries, there has been a decline in its utiliza-

ti on. The sweet potato has remained a "survival" c:::-op, or a 

food for the last resort, eaten only when people are on the 

verge of starvation. In Taiwan, for instance, the sweet po-

ta to has acqui:::-ed the status of a 11 poor man's" food, or as 

.animal feed (Villareal,1982). One other reason cited for the 

resistance to utilization of sweet potato in Taiwan is the 

flatnlence associated with its ingestion (Tsou and Villare-

al, 1982). The other specific re:erence to flatulence induc-

tion by sweet potato was in a survey conducted in a North 

Carolina (U.S.A.) community tc identify social and cultural 

values leading to acceptability, or rej ecticn of the sweet 

potato. "Indigestion" was the commonest response, by 14% of 

the participants, for reasons for disliking sweet potatoes. 
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General Carbohydrate Composition 

Carbohydrates make up between 18% and 35% of the fresh 

weight, and 80% to 90% of the dry weight of sweet potatoes, 

but they vary extensively in ccmposition with cultivar, cul-

tivation practice, cooking, storage, curing and processing 

method (Palmer, 1982). 

Freshly dug roots are high in starch and alcohol insolu-

ble solids and relatively low in sugars (Sistrunk, 1977). 

Upon storage, however, starch decreases, accompanied by an 

increase in reducing sugars and in sucrose content. Lambou 

(1957) reported that sugars extracted from Centennial roots 

contained a major percentage of sucrose ranging from 66-75%, 

minor percentages of glucose and fructose ranging from 7-11% 

and 6-11% respectively, and small quantities of ~altose, 2.7 

to 4.0%. Too much significance cannot be attached to the 

presence of maltose because this may have been formed when 

heat was applied during extrac~ion of the sugars. 

McDonald and Newson (1970) compared the standard ethanol 

sugar extraction method used by Lambou (1957) with a 

CHC13 -MeOH-EtOH extraction method, and analyzed for the 

sweet potato sugars by GLC. Their results are summarized in 

Table 3. Losh, et al. (1981), using TLC, also reported suc-

rose, fructose, and glucose in raw Jewel and Painter sweet 

potatoes, but no maltose. Sucrose was found to increase 
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TABLE 3 

Comparison of methods for extraction of sugars and inositol 
from raw Centennial sweet potato roots (% fresh wt.) 

=> Carbohydrates-

Glucose 
Fructose 
Sucrose 
Maltose 
Inositol 

Ethanol a 

( % ) 

C.33 
0.16 
3.54 
2.49 
0.01 

Method 

0.33 
0.15 
3.47 
0.00 
0.01 

a Average of 3 samples, 2 determinations per sample 

Source: McDonald and Newson (1970) 
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from about 10% at harvest to 20% during 65 days storage at 

16°C (Deobald et.al., 1971). 

Starch in sweet pc ta to is comrerted during cooking, or 

processing into maltose and dextrins. Table 4 shows data on 

carbohydrate composition of cocked sweet potatoes, calculat-

ed by Palmer (1982) from data of Sistrunk (1977). Table 5 

shows composition of soluble sugars in baked sweet potatoes. 

Non-Starch Polysaccharides 

The current widespread interest in dietary fiber is due 

to epidemiological studies relating increased intake of die-

tary fiber to the reduction in the incidence of certain di-

seases such as diabetes, obesity, atherosclerosis, and non-

infective bowel diseases such as diverticulosis, cancer and 

ulcerative colitis. The term "dietary fiber" refers to a 

group of polysaccharides and other polymers in plant materi-

al in the diet which are neither digested by the normal sec-

retions nor absorbed in the upper gastrointestinal tract 

(Theander and Aman, 1979). Dietary fiber is approximately 

equivalent to the non-starch (NSP) of plant foods, which in-

clude the main components cf the cell wall --- cellulose, 

hernicelluloses and pectic substances --- but possibly some 
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TABLE 4 

Approximate carbohydrate composition of cooked sweet 
potatoes (% fresh weight) 

Total Sugars 13.2 ± 2.Sz 
Starch 4.1 ± 0.9 
Pectins 0.9 ± 0.1 
Hemicelluloses 0.7 ± 0.3 
Cellulose 1. 5 ± 0.4 
Total carbohydrate 20.4 ± 3.1 

z mean ± standard deviation (n=25) from cooked samples 
represer.ting a total of 4 cultivars, 5 cooking methods, 
2 sizes, bruising, long term (7 months) and short 
term (4-10 days) storage, and 2 storage temperatures. 
The data were taken from 2 separate studies and the 
standard deviations include the variation between studies 
as well as variation within the individual studies. 

Source: Palmer (1982) 
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TABLE 5 
7 

Composition of the soluble sugars in baked sweet potatoes~ 

z 

Sugar 

Maltose 
Sucrose 
Fructose 
Glucose 
Raff inose 
TOTAL 

% of fresh weight 

5.5 
4.4 
0.9 
0.8 
0.5 

, '°) 1 
..l..~. -

average da~a £or 4 varieties---Georgia Jet, Cen~ennial, 

Jewel and Jasper. 

Source: Da~a supplied by R. Buescher, as quoted by Palmer 
(1982). 
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11 storage" polysaccharides (gums and mucilages) and usually 

some associated lignin and protein. Although non-starch po-

lysaccharides refer to polysaccharide components other than 

starch ( Furda, 1977; Englyst, 1981), they always contain 

tightly associated protein and lignin, so in fact, fit the 

definition of dietary fiber. The methods for the analysis of 

non-starch polysaccharides u-r.ilize those developed for the 

analysis cf dietary fiber, but they center on the polysac-

charide fraction, as the polysaccharides are most likely 

responsible for flatulence. Because dietary fiber and NSP 

are approximately equivalent, and because the same methodol-

ogies are used for isolation and analysis, the two terms 

will be used interchangeably in thi= report. 

Theander and Aman (1979) further classify t~e non-starch 

polysaccharides into the hcmoglycan cellulose and the non-

cellulosic polysaccharides (NCP). 

Cellulose, the only truly fibrous component of the cell 

wall, is a linear polymer of high molecular weight, built up 

of S-1,4-linked glucose units and having a degree of polym-

erization of up to 10, 000. Unlike the cx-1, 4-linkages in 

sta::-ch where glucose uni ts are linked axially, the S-1, 4 

equatorial linkages in cellulose favor the formation of hy-

drogen-bonding between the hydroxyl groups of the sugar 

units in the chain and between adjacent chains. This exten-
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sive inter- and intra-molecular hydrogen -bonding is the ba-

sis for the crystalline structure of cellulose. Because of 

the linear, unbranched nature cf the cellulose polymer, it 

is able to pack together quite closely in a 3-dimensional 

lattice-work, forming micrcfibrils of cellulose (Cummings, 

1975). 

The NCP are divided into 2 main groups -- the hemicellu-

loses and pectic substances. However, gums and mucilages, 

though not strictly cell wall components, are also included 

in this category. The NCP, together with lignin and sor:ie 

protein, form the amorphous matrix in which are enmeshed the 

cellulose fibrils (Theander and Aman, 1979; Cummings,1976). 

Hemicelluloses are generally described as those cell wall 

polysaccharides soluble in cold, dilute alkali. As a broad 

generalization, they consist of a "backbone" of a particular 

sugar (most often xylose) with various substitutions and de-

grees of branching (Cummings, 1976). The classification of 

individual hemicelluloses is generally based upon the predo-

minant monomeric sugar residue. Hemicelluloses have a much 

lower average degree of polymerization ( 50 - 200 residues) 

than has cellulose, but they have the same backbone of 

e-1,4-linked pyranoside sugars. 

Examples of hemicellulosic polysaccharides are: xylans 

which have a basic chain of e-1,4-linked D-xylose residues, 
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with L-arabinose and D-glucuronic acid or its 

4-0-methyl-ether attached to the main chain; mannans which 

are linear molecules with (1-4) 8-linked D-mannopyranose re-

sidues; glucomannans which appear to be linear polymers with 

both mannose and glucose in the chain; arabinogalactans 

which are substituted galactans; and glucans, with mixed 8 

(1-3) or (1-4) linkages {Southgate, 1976). 

The term pectic substances or pectins is used generally 

for a complex group of polysaccharides in which D-galactu-

ronic acid is a principal constituent, and which are found 

in the primary cell walls and intercellular layers in land 

plants. Although the parent molecule is a polymer of 1-4 

6-D-galacturonic acid, most are heteropolysaccharides con-

taining a D-galacturonic acid primary chain, with D-galac-

tose, L-arabinose, D-xylose, L-rhamnose and L-fucose as side 

chains. Some uronic acid uni ts are present as methyl es-

ters, partly acetylated or as calcium salts. Neutral arabi-

nans, galactans, galacturonans and arabinogalactans have 

been associated with the acidic components of the pectic 

substances. L-arabinan is a ( 1-5) a-linked arabinofurano-

side chain carrying (l-3) linked arabinofuranoside residues 

at intervals. D-galactan is a linear (1-4) a galactopyrano-

syl polysaccharide. L-arabinogalactan is a linear (1-4) 8-

D-galactopyranose chain with side chains containing arabino-
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furanoside groups linked (1-5) and (1-3) onto the galactan 

main chain (Curnmings,1976). 

Analysis of Dietary Fiber 

Several methods for the analysis of dietary fiber have 

been proposed James and Theander, 1981; Southgate, 1978; 

Van Soest and Robertson, 1976, etc.), but emphasis will be 

placed here on the enzymatic methods which subject the sam-

ples to a simulated human digestion process. These methods 

were selected as more appropriate to approximate the fate of 

substances which escape digestion in the small intestine but 

reach the colon intact, and are microbially · degraded and 

fermented to produce flatus gases. 

The origin of methods based or. enzymatic digestion may be 

said to be in the studies by Williams and Olmsted cited by 

Southgate, et al.(1978). They used pancreatin to remove 

starch and protein followed by acid hydrolysis and subse-

quent identification of the sugar fractions. The procedure 

is time-consuming and the final measurement procedures are 

relatively unspecific. 

Hellendoorn, et al. ( 1975), employed pepsin for the hy-

drolysis of protein followed by pancreatin/bile salt diges-

ti on for starch hydrolysis. The residue obtained usually 

contains some protein, considered a measure of indigestible 
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protein in food. The method does not measure water-soluble 

components or readily hydrolyzable components that will be 

hydrolyzed with the protein in the 0. lM HCl at 40°C (Sou-

thgate, et al. 1978). 

Furda( 1977) proposed a systerr.atic methodology of frac-

tionation and isolation of water-soluble polymers of dietary 

fiber. The method calls for the use of enzymes for the re-

moval of starch and proteins, and uses ethanol recovery of 

the water soluble fiber components. 

Theander and Aman (1979) proposed a method fer the analy-

sis and chemical characterization cf the water-soluble and 

insoluble fractions. It consists of extraction with 80% 

ethanol and chloroform, treatment of the residues with a 

thermostable bacterial amylase at 85°C, and subsequent ex-

traction with hot water. The water-soluble fraction is re-

covered by dialysis and freeze-drying. 

Johansson, et al. (1982) modified Helledocrn's method by 

isolating the water-soluble =raction by precipitation with 4 

volumes of 95% ethanol. Asp, et al. (1983) proposed a rapid 

gravimetric enzymatic assay of both the insoluble and solu-

ble dietary fibers, using the physiological enzymes pepsin, 

pancreatin and heat-stable a-amylase, Termamyl, to remove 

digestible protein and starch from fiber. The insoluble die-

tary fiber is filtered off, while the soluble dietary fiber 
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is precipitated from the filtrate with 4 volumes of 95% eth-

anol, and recovered by filtration. This is basically the 

same method proposed for official use by the Association of 

Official Analytical Chemists (AOAC) in a collaborative study 

(Pro sky, et al. , 1983) except that a bacterial protease is 

used instead of pepsin, and amyloglucosidase is substituted 

for pancreatin. 

According to Theander and Aman ( 1979), al though dietary 

fibers include a mixture of water-soluble and water-insolu-

ble components from the cell wall, there is often no sharp 

borderline between the two categories. The yield of the re-

spective fraction can vary considerably with the fractiona-

tion conditions used (physical pretreatment, enzymatic 

treatment, temperature, time and so on). One finds struc-

turally very similar polysacc~arides, e.g. pectins, arabi-

noxylans I e-glucans I and xyloglucans I as water-soluble com-

ponents, and also as more difficultly soluble components 

which require chemical treatments for solubilization. 

Sweet Potato as ~ Source of Dietary Fiber 

As shown in Table 1, sweet potatoes are potentially a 

significant source of dietary fiber (Palmer, 1982). Karnath 

and Belvady (1980) and Shipley (1978), reported that sweet 

potato has a large amount of noncellulosic polysaccharides 
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(5-24%). Sweet potato peels which are considered edible, 

are reported to be high in herricellulose and lignin (Lund 

and Smoot, 1982) . Chen a::1.d Anderson ( 1981) found that the 

soluble fiber fractions in sweet potatoes were predominantly 

glucans. 

Flatulence 

Al though flatulence is not considered a heal th problem, 

it leads to a painful bloat with embarrassing intestinal 

rumblings and socially unacceptable egestion of noxious mix-

tures of gas(Murphy et al, 1972; Reddy et al, 1980;Fleming 

and Reichart,1983). Flatulence from the ingestion of certain 

foods is thought to be induced by carbohydrates that escape 

digestion and absorption in the small intestine but are mi-

crobially degraded and fermented when they reach the large 

intestine or colon, to yield the flatus gases. Richards 

(1968) demonstrated that the high rate of gas production and 

its co2 and H2 composition observed in man and in segments 

of the dog's intestine and colon with gas-producing food 

substrates, can be reproduced by culturing anaerobic clos-

tridia strains of bacteria isolated from the intestine and 

colon loops under the same environmental conditions, in vi-

tro. Gall(l968) and Cailoway,et.al(l966) reported the pres-

ence of trace amounts of other gases in samples of human co-
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lonic flatus N2 , CH4 and other malodorous volatile 

substances including NH3 , volatile amines, indole, skatole 

and butyric acid. However, production of high concentrations 

of H2 and co2 is characteristic of the anaerobic, G+, 

spore-forming C. perfringens (Richards,1968; Steggar-

da,1967,1968; Rockland,et.al,1969) 

Studies conducted to isolate the causative factors of 

flatulence have been concentrated on the legumes which are 

known to be notorious flatus inducers. The oligosaccharides 

of the raffinose family -- raffinose itself, stachyose and 

verbascose -- were _identified as the gas-producing factors 

in the different legumes investigated. Rackis et.al(l970} 

associated the gas-producing factor in soybean meal with 

raffinose, and stachyose. They also suggested that gas pro-

duction parallels the formation of monosaccharides by enzy-

matic hydrolysis of raffinose and stachyose, and would imply 

that a longer delay must occur before the onset of gas pro-

duction with the oligosaccharides, if glucose is the prefer-

red substrate. Murphy, et.al (1972} reported that flatu-

lence induced by dry beans (Phaseolus vulgaris L.) is 

associated with the fraction containing raffinose, stachyose 

and small peptides. Raffinose and stachyose were also asso-

ciated with the flatulence induction in California small 

white beans, black gram, smooth-seeded field pea and other 
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legume seeds like the navy bean, red kidney bean, wrinkled-

seeded field pea, chick-pea, green-gram, and the garbanzo 

bean (Wagner et.al,1976; Jaya,et.al,1979; Reddy et.al,1980; 

Fleming,1981). 

The raffinose family of oligosaccharides is composed of 

sugars related to raffinose by having one or more a-D-galac-

topyranosyl groups in their structure joined to D-glucose or 

to sucrose (Cristofaro et.al,1974). These sugars would re-

quire the presence of an a-galactosidase for cleaving the 

galactose units from the sucrose portion in order to be me-

tabolized. However, Gitzelmann and Auricchio (1965) stated 

that no such galactosidase activity is found in human small 

intestinal mucosa. Hence, the galactose containing oligo-

saccharides are not broken-down and absorbed into the blood, 

but rather remain intact and enter the lower intestinal 

tract where they are metabolized by the microflora, capable 

of hydrolyzing the a-galactoside bonds, to form easily fer-

mentable monosaccharides, with the release of large amounts 

of co2 and H2 (Rackis, et.al 1970). Rackis , et al.(1970) 

had also shown that C. perfringens can utilize these raffi-

nose sugars. 

In more recent studies, however, flatulence activity has 

been associated with components other than the indigestible 

oligosaccharides. · Wagner et. al (1976) observed H2 gas 
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production when rats were fed oligosaccharide-free bean re-

sidues. This isolated ethanol-iY1soluble bean residue also 

enhanced the H2 producing potencies of raffinose and stach-

yose when fed in combination with them, suggesting a syner-

gistic effect. This residue, extracted free of soluble su-

gars with aqueous ethanol, contains protein and 

carbohydrates of low solubility such as pectins, glucans, 

hemicellulose, cellulose and lignin. These are actually the 

cell wall components or the "dietary fiber"; and since these 

are not thought tc be digestible, it appears that their ab-

sence in the feces can only be due to microbial utilization 

in the large intestine, yielding flatus gases (Flem-

ing,1981). Glucans and pentosans hydrolyzable in dilute 

acid were found to have significant, positive correlations 

with H2 production. However, isolated starch from legumes 

has also been reported to be involved in gas production in-

duced by ingestion of dry navy beans, cow pea, chick pea, 

horsegram and greengram(Kurtzman and Halbrook,1970; Jaya et 

al,1979;El Faki et al,1983). According to El Faki, et 

al. ( 1983), the production of gas induced by legume starches 

is mainly attributed to the low digestibility of starches 

per se, the undigested residual starch being available for 

the anaerobic bacteria. These findings support an earlier 

study by Hellendoorn(l969) who suggested that the undigested 
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starch in beans reaches the lower intestine due to acceler-

ated passage down the gastrointestinal tract, and is micro-

bially fermented to produce the flatus gases. Gas production 

was also observed when the water-insoluble polysaccharide in 

dry navy beans (Kurtzman and 5albrook,1970); the ethanol in-

soluble· fractions in chick pea 

et.al,1979), and the hemicelluloses 

and green gram (Jaya 

in chick pea, cow pea, 

and horsegram (El Faki et. al, 1983) were incubated with a 

pure culture of C. oerfrinaens. El Faki, et al. (1983) also 

conducted in vivo studies with rats, and results :or gas 

production correlated well with the in vitro tests. 

Flatulence from Sweet Potato 

Virtually no studies have been done to identify the fla-

tulence causing factors in sweet potato. Table 2, shown 

earlier, indicated the presence of raffinose in baked sweet 

potatoes, but at levels (about 0.5% fresh weight ) well be-

low those in legumes (Palmer, 1982). Rackis (1975) and Gar-

cia (1979) reported mature soybeans to contain 1% raffinose 

and 2.5% stachyose, and mature winged beans to contain 1-2% 

raffinose, 2-4% stachyose, and 0.2-1% verbascose. It seems 

unlikely that the raffinose in sweet potatoes would be suf-

ficient to generate significant flatulence (Palmer, 1982). 

As mentioned earlier, cell wall components or "dietary fi-
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ber" are potential fla~ulence inducers. Sweet potato con-

tains a considerable amount of cell wall material (Table 1). 

Salyers et.al(l979) observed that colon bacteria can digest 

a wide variety of polysaccharides typical of those found in 

plant cell walls, suggesting that virtually any food poly-

saccharide which fi~ds its way into the colon is a potential 

source of flatus (Palrner,1982). 

Water-Holdina Caoaci ty ( \'/HC) 

Water-holding capaci~y of fiber is a measure of the abil-

ity of a fiber source to immobilize water within its matrix 

(Robertson and· Eastwood, 1981) . The water associated with 

fiber is an important consideration when investigating the 

effects of fiber in the diet. Such water will infl~ence the 

metabolic activity of fiber along the gut. Stephen and Cum-

mings ( 1979) reported an inverse relationship between water-

holding and fecal bulking, suggesting that dietary fiber 

does not exert its effect on fecal weight simply by retain-

ing water in the gut. Altering the conditions of fiber pre-

paration or WHC measurement may result in a very different 

WHC for a fiber source. He!'lce the measured WHC of a fiber 

source may bear little relationship to the WHC of fiber in 

the gut(Robertson and Eastwood, 1981) 
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The commonly used method for es~irnating WHC of a fiber is 

the centrifugation techr..iq;..:.e ( McConr.e 11, et al. , 1974; East-

wood and Mitchell, 1976; Parrott and Thrall, 1978; Stephen 

and Cummings, 1979). There are limitations to this method 

in that too severe centrifugation can result in the collapse 

of the matrix produced by the fibrous material (Eastwood and 

Mitchell, 1976). 

Plant cell-wall ma-c.erials swell in water to a coherent 

structure. Pectic substances and hemiceluloses swell in wa-

ter to form gels, but celluloses are more insoluble (East-

wood and Mitchell, 1976). The WEC of the non- starch poly-

saccharides of .sweet potato wilL be evalua-c.ed in this study 

to determine the potential of sweet potato as a source of 

dietary fiber. 



MATERIALS AND METHODS 

Samole Preparation 

Centennial variety of sweet potato was obtained from the 

Eastern Shore Research Station in Painter, Virginia. The 

sweet potatoes were peeled by hand and cut up into thin 

strips using a Cuisinart Food Processor. The strips of 

sweet potato were freeze-dried overnight in a Virtis mobile 

(Virt:is, Inc., Gardiner, New York) freeze-dryer, Model 

10-145 MR-BA, and the dried strips were ground in the Cuisi-

nart Food Processor. The ground sweet potato was placed in 

a dark colored bottle flushed with N2 before capping, and 

stored in a desiccator. 

Vacuum-packed Centennial sweet potato was obtained from 

the VPI&SU Food Science and Technology Processing Laboratory 

(Dr. Cooler). The packing procedure involved retorting at 

240°F for 45 minutes. The sweet potatoes were drained well 

and mashed in the Cuisinart Food Processor. The mashed 

sweet potatoes were freeze-dried, ground and stored as de-

scribed above for the preparation of the raw sweet potato. 

28 
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Determination of Starch 

Starch content in gr~und sweet potato was determined by 

both a chemical and an enzymatic methcd. 

The chemical method of Fucher, et al. (1948) was followed. 

This involved extracting the starch from the ground sweet 

potato samples with perchloric acid, precipitating the 

starch as the iodine complex and decomposing the complex be-

fore measuring the starch by the phenol-sulfuric acid method 

of Dubois et.al(l956). Fifty milligrams ground sweet potato 

sample were suspended in 4 ml water and heated in a boiling 

water bath for 15 minutes to gelatinize the starch. The 

tube was cooled to room temperature and 3 ml of 72% per-

chloric acid was added rapidly with constant agitation. The 

sample was ground with a glass rod at intervals for 20 mi-

nutes. The rod was rinsed with 20 ml of water, the contents 

mixed and centrifuged for 10 minutes at 27,138xg. After de-

canting and setting aside the clear supernatant, the residue 

was reextracted with 4 ml. of water and 3 ml of perchloric 

acid and the combined extracts made up to 50 ml. A 5. 0 ml 

aliquot of the extract was taken and diluted with 5.0 ml wa-

ter. Five ml of 20% (w/v) NaCl was added followed by 2 ml 

of 3 % r 2 in 

to stand for 

3% potassium icdide. The mixture was allowed 

20 minutes, after which it was centrifuged at 

27,138xg for 20 minutes, and the supernatant discarded. The 
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blue-black starch-iodine ~recipitate was resuspended in 5 ml 

of 2% NaCl in 66% ethanol and cer.trifuged. The complex was 

decomposed by adding 2 ml of 0.25N NaOH in 56% ethanol) to 

the colorless precipi ta-ce, centrifuged, and the liberated 

starch washed with 5 ml of alcoholic NaCl. After decanting 

the final washing, the starch was dissolved in 5 ml of wa-

ter. A 0.25 ml aliquot of starch solution was mixed with 1.0 

ml 5% phenol and vortexed for 5 seconds. Five ml concentrat-

ed sulfuric acid was added rapidly and the mixture vortexed 

for another 5 seconds. The tubes were again vortexed for 3 

seconds and placed in a water bath at room temperature for 

20 minutes. The absorbance was measured at 490 nm and the 

glucose content calculated from a standard curve prepared 

with 0.1 mg/ml glucose.Banana flakes of known starch content 

were analyzed as a control. 

A modification of the method of Thivend, et al. (1972) was 

used for the starch enzymatic assay. A 10 mg sweet potato 

sample was placed in a 25 ml volumetric flask. 

of 

Duplicate 

0.05M ci-samples were analyzed. Two ml water and 2.0 ml 

trate buffer were added, and the flasks placed in a boiling 

water bath for 5 minutes to gelatinize any starch. Control 

samples were prepared the same way, except that 2.25 ml of 

the buffer was added. After cooling, a 0.25 ml Amyloglucosi-

dase solution (Gallard-Schlesinger Chemical Mgf. Corp., 
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Carle Place, N.Y.), with 12.5 units, was added to the sam-

ples and the mixtures were incubated at room temperature for 

1 hour. One enzyme unit is the amount of arnyloglucosidase 

required to produce 1 µmol glucose per minute from starch at 

37°C in acetate buffer (pH 4.5). The volume was made to 25 

ml with water and aliqucts assayed for reducing sugars using 

the method of McFeeters(l980). To l ml of the sample, 2.0 ml 

of bicinchoninate reagent was added, and the mixture vortex-

ed, boiled for 5 ninutes and cooled in tap water. Absorbance 

was read at 550nm aga:.nst a standard curve prepared with 

0. 01 mg/ml glucose. A co::::-ns-carch sar.lple was assayed as a 

control. 

Determination of Soluble Sugars 

Sarnole Preparation 

Preparation of sample as described by Garcia( 1979) and 

AOAC(l975) was followed. Five grams of ground sweet potato 

were refluxed in 50 ml of 80% ethanol for 30 minutes over a 

hotplate. The ethanol extract was filtered through a Whatman 

541V-folded filter paper. The ::::-esidue in the filter paper 

was washed Sx with 10 ml volumes of 80% ethanol, and the 

washings combined with the filtrate. The ethanol was allowed 

to evaporate in the hood. Ten ml water was added to the 

dried sample to dissolve the sugars, and a 1.0-ml aliquot of 
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this was transferred to a 10 ml volu~etric flask and made up 

to volume. A 1. 0 ml aliquot was transfe!"red to a reacti 

-vial, deionized with 0. 2 ml of resin for 10 minutes and 

filtered through a 0.4 µm pore diameter membrane filte!". The 

filtered sample was collected in a scin::illation vial and 

frozen when not in use. 

HPLC Standards 

Sucrose,glucose,raffinose,maltose and fructose were dried 

at 6o 0 c in 26 inches (99 mm) Hg of vacuum for 15 hours. The 

sugars were prepared in wat:er at the following concentra-

tions: sucrose and glucose at 5.0 mg/ml; maltose and fructose 

at 1.0 mg/ml, and raffinose at 10.0 mg/ml. 

Raffinose was procured from Nutritional Biochemicals Cor-

poration (Cleveland, Ohio), wni le the rest of the standard 

sugars were obtained from Sigma (St.Louis, Mo.) 

Separation and Quantitation 

The sugars were examined by high performance liquid chro-

matography ( HPLC) on a Model ALC 201 chromatograph equipped 

with a Model 6000 A solvent delivery system, a model R-4:01 

Refractive Index Detector and a Model U6K Injection System 

(Waters Associates,Milford,Massachusetts). 
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The samples and standards were injected in 10 to 50 µl 

volumes, and eluted with deionized water which had been fil-

tered in a 0.45 µm membrane fil~er. The column used was an 

Aminex-HPX-87P(Biorad Laboratories, Richmond, Ca.) operated 

at a flowrate of 0.4ml/min. The column is equipped with an 

aluminum water jacket and operated at 90°c using a Haake FS 

circulating water bath(Haake, Saddlebrook,New Jersey). The 

chromatograms were recorded on an Omni-Scribe Record-

er(Houston instruments, Austin,Texas). 

The soluble sugars in sweet potatoes were identified from 

the retention times relative to the individual standard su-

gars. The sugars were quantified from peak area measure-

ments (height x width a~ half height) relative to the peak 

areas of the standards. 

Determination of Protein 

Total nitrogen was determined by a modification of the 

micro-Kjeldahl procedure of Robinson( 1956). A 10 mg sweet 

potato sample was digested with 2 ml of concentrated sulfur-

ic acid with 0.16 g sodium sulfate plus 0.01 g copper sul-

fate as catalysts. After digestion, the flasks were left un-

der the hood to cool to room temperature. Twenty-five ml of 

distilled water was added to the digestion mixture, and the 

flask was attached to a micro- -distillation apparatus. 
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Five ml of 50% NaOH was slowly added, and the ammonia after 

mixing was steam distilled for a total of 8 minutes into 20 

ml of 4% boric acid containing 4 drops of Tashiro indicator. 

The ammonia was titrated with 0. lN HCl to the purple end-

point of the indicator, using a Syri'nge micrcburet(Micro-

Metric Instrument Co., Cleveland,Ohio) Model No.SB2. Pro-

tein was calculated as N x the factor 6.25. Glycine was also 

analyzed as a control, and all samples, including the 

blanks, were run in duplicates. 

Determination of Moisture 

Duplicates of 2.00-gram ground, sweet potato samples were 

weighed into tared crucibles. These were dried overnight for 

16"hours in a vacuum-dryer (60°C). The samples were cooled 

in a dessicator and weighed. 

Determination of Ash 

Same samples used for the determination of moisture were 

ashed overnight for 15 hours in a Therrnolyne (Dubuque, Iowa) 

Type 1300 muffle furnace at 600°C. These were cooled to room 

temperature in a dessicator and weighed. 



35 

Determination of Minerals 

Sample Preoaration 

The dry ashing procedure for analysis of plant tissues 

was used for atomic absorption spectrophotometric (AAS) ana-

lysis of the elements in Centennial canned sweet potato. Du-

plicate 1.00+0.05 g samples were weighed into clean,dry pla-

tinum crucibles. The samples were placed in a cold Lindberg 

electric muffle furnace, heated to 4: 75 °C, and ashed for 5 

hours. The ash was cooled and dissolved in 5 ml of 20% HCl, 

warming the solutions to effect complete dissolution. The 

solutions were filtered through acid-washed ~ilter paper 

into 50-ml volumetric flasks, and diluted to volume. 

Analysis 

The analytical method as described by Lopez et al (1980) 

was followed. The analyses were performed with a Perkin-El-

mer Model 4:03 atomic absorption spectrophotometer. A 4:-inch 

burner head and standard air- acetylene flame, and single 

element, hollow cathod lamps were used.The instrument set-

tings and other experimental conditions were in accordance 

with the manufacturer's specifications. 

Apropriate dilutions were used to determine Ca, Mg,K and 

Na. Samples di luted for Ca and Mg analyses contained 1. 0% 

(w/v) lanthanum to overcome potential anionic interferences. 
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Cesium chloride was added to the samples before dilution to 

give a final concentration of 2000 ppm Ce for Na analysis 

and 1000 ppm for K analysis. 

For the indirect determination o= K and Si, aliquots of 3 

ml of the dry-ashed solutions were taken through the proce-

dure described by Parker(l972). 

Extraction and Isolation of ?olysaccharides 

The enzymatic procedure used for the extraction and iso-

lation of the polysaccharides in sweet potato is a rr.odifica-

tion of the method for the "Determination of Total Dietary 

Fiber" proposed as an official method for use by the Associ-

ation of Official Agricultural Chemists (Prosky et al, 

1983). ~his is outlined in Figure 1. 

The Terrnarnyl (120L, KNU/g, (kilo NOVO a.-amylase unit)) 

was obtained from NOVO Laboratories, Inc., Wilton, CN. The 

protease used(P-5380 Subtilisin Carlsberg; Subtilopeptidase 

A, Type VII!, Bacterial, from a strain of Bacillus subtilis, 

crystallized and lyophilized) has the following activity: 

one unit will hydrolyze casein to produce color equivalent 

to 1.0 µM tyr per minute at pH 7.5 at 37°C. The amylogluco-

sidase (Gallard Schlesinger Chemical, Carle Place, N.Y.) ha 

an activity defined so that 1 EU is the amount of arnyloglu-

cosidase required to produce 1 µmol glucose per minute from 

starch at 37°C in acetate buffer pH 4.6. 
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FREEZE-DRIED SWEET POTATO 
(5.0 g) 

I 50 ml O.lN P04 buffer; pH=6.0 
I Termamyl (0.5 ml) 
I Gelatinize (boil 30 min; 95°c) 
I. Protease0 (25.0 mg); pH=7.5±0.l 
i at 60 C for 1 hour 

Arnyloglucosidase (16 5 ml); 
pH=4.5:t0.2 at 60 C for 1 hr. 

Centrifuge (16270xg for 15 min) 

Residue 
95% ethanol (60°c; 

4 volumes; 1 hour) 
0 ash 5x w/ H20(60 C) 

entrifuge (16270xg 
for 15 min) Centrifuge (16270xg 

for 5 min) 

Supernate 

Supernate 

Residue 
wash 3x w/ 

75% ethanol 
( 6 0 ° C ; 10 ml 
5 min) 

Centrifuge 
(16270xg for 
3 min) 

Freeze-dry 
Dialyze (1 o0 c; 

3 days) 
Freeze-dry 

SOLUBLE NSP 

Residue 
Freeze-

dry 

INSOLUBLE NSP 

Figure 1. Schematic outline for the extraction and isolation 
of the NSP in sweet potato (adapted from Prosky, 
et al., 1983). 
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The soluble sample at 100 mg/ml was dialyzed at 

refrigeration temperature (10°C) for 3 days with two changes 

of distilled water each day. The membrane tubing (Spectra-

por) used had a m.w. cutoff of approximately 3,500, a dry 

cylinder diameter of 11.5 mm, and a dry thickness of 0.0014 

mm. 

A total of three extractions were made. The isolated 

fractions were pooled and kept in plastic bottles, stored in 

a desiccator. 

Proximate Composition of the Isolated NSP Fractions 

The insoluble and soluble . residues were analyzed for 

moisture, ash, protein and starch content using the proce-

dures described e~rlier for canned Centennial sweet potato. 

Due to small quantities of t~e extracted samples, the sample 

sizes were reduced to 0.01 grams for moisture, ash, protein, 

and starch determinations. 

Measurement of Uronic Acid 

Uronic acid content of isolated fractions was determined 

by the method of Ahmed and Labavi tch ( 1977). Five mg of 

cell wall material in a 10 ml beaker were mixed (magnetic-

stir bar) with 2 ml of chilled, concentrated n2so4 , while 

maintaining beaker in an ice bath. While stirring continu-
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ously, 0.5 ml of distilled H2o was added dropwise. After 5 

min, a second 0.5 ml of H2o was added dropwise and the mix-

ture allowed to stir until dissolution was complete. The 

dissolved sample was transferred to a 10 ml volumetric flask 

amd made up to volume with the washings of the beaker. 

To test tubes chilled in a 5 20-ice bath, 0.6 ml aliquots 

of cell wall solutions were added, follcwed by 3. 6 ml of 

chilled 0.0125 M sodium tetraborate reagent in concentrated 

The mixture was vortexed well, and the tubes heated 

i b ~ li H O b · h f r c:; • _n a o..:.. _ng 2 at o_ ..., min, then cooled in tap H2o. 

Sixty µl of m-hydroxydiphenyl reagent was added, vortexed, 

and the tubes allowed to stand for 20 mins at room tempera-

ture. A Bausch and Lomb Spectronic 710 spectrophotometer 

was used to read the absorbance at 520 nm. against blanks to 

which 60 µl of 0. 5% NaOH, ra<:her than m-nydroxydiphenyl, 

were added. The blanks correct for the pink color produced 

when neutral sugar-containing materials are treated with 

Determination of Cellulose 

An independent assay for cellulose content in the isolat-

ed fractions was performed using Updegraff's (1969) method 

for semimicro determination of cellulose in biological meth-

ods. Fifty mg of sample was mixed with 3.0 ml acetic acid -
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nitric acid reagent, and vortexed. Tubes containing the 

mixture r,.•ere placed in a boiling H2o bath for 30 min, with 

marbles on top of the tubes to reduce evaporation and create 

a refluxing action. The tubes were centrifuged in a clini-

cal centrifuge at 400xg for 5 min, and the supernatant dis-

carded. Ten ml of distilled H2o wash was added, centri-

fuged, and the supernatant discarded. Ten ml 67% H SO • 2 4 

(v/v) was added and tubes were allowed to stand at room 

temperatu::::-e for an hour. A 1 ml aliquot of this dilution 

was mixed with 4.0 ml distilled H2o and placed in an ice 

bath to cool. Ten ml cold anthrone reagent ( 0.2% anthrcne 

in concentrated H2so4 , prepared fresh daily) was added, mix-

ture vortexed, and tubes placed in a boiling H2o bath for 

16 min. The tubes were cooled in the ice-bath for 3 min, 

then let stand at room temperature for 10 min. Absorbance 

of the samples was read at 620 nm against a reagent blank. 

The standard curve was prepared from dried BW-40 cellulose 

(Brown Co.,Berlin,NH). 

Hvdrolysis of the Polvsaccharides 

The isolated fractions were hydrolyzed following the 

method of Saeman, et al. (1963). A ten mg sample of insolu-

ble or soluble residue was weig~ed into a reacti-vial 

(Pierce Chemical Co., Rockford, I 11. ) . A 0 .1 ml aliquot of 
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72% H2so4 was added and the mi:->;ture allowed to hydrolyze 

with stirring for one hour at room tempercture. Then 2.8 ml 

of. water were added, and the vial \\'as tightly capped and the 

mixture stirred for 10 min to ensure adequate mixing. The 

vial was placed on a heating block and the sample hydrolyzed 

for 2,4, 6 and 8 hours at 120 C. After each 2 hour incuba-

ti on period, a 0 .1 ml aliquot of the hydrolysate was re-

moved. The aliquot was neutralized with 0. 05 ml of a 5: 1 

H20:NH40H reagent and 0.85 ml distilled H2o was added. The 

sample was deionized with 0.2 ml of mixed bed ion-exchange 

resin T+ -(AG 501X-8, H and OH , 100-200 mesh, Biorad Laborato-

ries, Richmond, CA), filtered through a 0.45 µm pore size 

filter (Gelman, Ann-Arbor, MD) and 20 to 100 µl analyzed via 

HPLC. The samples were run in duplicates. 

For Gas Chromatography (GC), the hydrolysis was car!'."ied 

out as described, except that 0.2 ml aliquot of the hydroly-

sate was taken for analysis, omitting the neutralization, 

dilution and deionization steps. A 0. 4 ml aliquot of the 

hydroxylamine.HCl reagent was added to the 0.2 ml aliquot in 

a 5.0 ml reacti-vial (McGinnis,1983). The reacti-vials were 

capped tightly, placed on the heating block for 10 min at 

80°C. The vials were cooled, and 1.0 ml of acetic anhydride 

was added. The mixture was stirred for 5 min, after which 

1.0 ml chloroform was added. The solution was washed twice 
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with 1.0 ml water. The upper aqueous layer was removed with 

a Pasteur pipet. A 0.4 g portion of sodium sulfate was ad-

ded, the mixture stirred well, and 2.0 µ1 analyzed via GC. 

The internal standard used was methylglucopyranoside. 

HPLC Determination 

The model ALC 201 chromatograph was used(described earli-

er) ,but was equipped with a model 440 uv absorbance detector 

(Waters Associates, Milford,MA).The column used was the Ami-

nex-HPX-87P (Biorad Laboratories, Richmond, CA.), and detec-

tion was via the post column reactor in which the emerging 

sugars were reacted with sodium bicinchoninate reagent (Sin-

ner and Puls, 1978) at 90°C, and the increase in absorbance 

monitored at 546 nm. 

The concentration of sugars in the hydrolysate =rom sweet 

potato was dei:ermined relative to the a:::-ea obtained with 

standard sugars analyzed under the same condition. 

GC Determination 

The samples were analyzed using a Gow-Mac gas chromato-

graph (Gow-Mac Instrument Co.,Bridgewater, N.J. ), Series 

750, with a flame ionization detector(FID). The column used 

was a nickel alloy column (3.05 m x 3.2 mm ID) packed with 

1. 0% di ethylene glycol adipate on Chromosorb WHP ( 100-120 
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mesh) (Supelco, Inc., Bellefonte, PA). Aldonitrile acetates 

were eluted, isothermally at 180°C with H2 as the carrier gas 

at 25 ml/min. The inlet temperature was 250°C. 

The concentration of sugars in the hydrolysate from sweet 

potato was determined from the ratio peak area for unknown/ 

peak area for internal standard, relative to the ratio ob-

tained with standard sugars assayed under the same condi-

ti on. Note that glucose yields two peaks under these 

conditions; the areas were summed for quantitative calcula-

tions. 

TLC Determination 

The samples were also analyzed by Thin Layer Chromatogra-

phy. Fisherbrand disposable micro-pipets (Pittsburg, PA) 

were used to spot 2 to 40 µl samples on Linear-K preadsor-

bent TLC plates (Whatman Inc., Clifton, New Jersey). The 

plates were developed briefly with water:acetonitrile 35:65 

to "focus" the spots on a narrow band. The plates were de-

veloped three times to a distance of 15 cm from the baseline 

in a solvent system of water: acetoni trile 15: 85. After 

evaporation of the solvent, the plates were sprayed with 

0. 1 M p- ani sidine and phthalic acid, dried in the oven 

(100°C) for 5 mins. and observed under visible light. The 

plates were then sprayed next with 0.2% napthoresorcinol in 
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concentrated H2o, and dried at 100°C for 10 mins., and again 

examined under visible light. A range of volunes of appro-

priate standard sugars (1.0 mg/ml) were also spotted on the 

plates. Sugars were identified from colors produced and by 

movement on the plates relative to the standards. Relative 

concentrations could be noted from density of colors. 

Determination of Molecular Weight £y Gel Filtration 

The approximate molecular weights of the soluble polysac-

charides were determined by gel filtration (GF) on " µ Bon-

da-Gel" high performance columns (Waters Associates, Mil-

ford, MA). An "E-125" column (fractionation range 

600-40, 000) and an "E-linear" column ( 1500-2, 000, 000 frac-

tionation range) were used. Elution was with 0.05 M sodium 

sulfate at 25°C. The HPLC equipment utilized was described 

earlier under Separation and Quantitation of Soluble Sugars. 

Samole and Standard Preparation 

The soluble fiber and standard polysaccharides were pre-

pared in 0. 05 M sodium sulfate, at a concentration of 5. 0 

mg/ml. The standards used were the following: Dextran 

T-500, Dextran T-70, Dextran 40,000, Dextran 10,000, Lamina-

rin, and Glucose. Dextrans were obtained from Pharmacia 

(Uppsala,Sweden) Fine Chemicals, Laminarin (~. digitata) was 

provided by V-Labs, Inc.(Covington, LA). 
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Separation 

Aliquots of 20 µl of the samples and standards were elut-

ed with 0.05 M Na2so4 at 0.4 ml/min. The molecular weights 

of the samples were estimated relative to the standards. 

Water-holding Capacitv (WHC) 

The water-holding capacity of the sweet potato insoluble 

fiber was determined by a modification of the centrifugation 

method of Robertson, et al. ( 1980) . Duplicate 0. 5 g- samples 

of sweet potato insoluble NSP were weighed into centrifuge 

tubes. The fiber samples were soaked in 25-ml distilled wa-

ter for 24 hours the original procedure called for 48 

hours of soaking in water). The tubes were centrifuged at 

6, OOOg for 15 mins and the excess water poured off. The 

tubes were inverted and allowed to drain for 30 mins. The 

wet fiber samples were 

night, the samples were 

as g H2o / g fiber. 

weighed. After freeze-drying over-

re-weighed. The WHC was calculated 

The WHC of AACC Certified hard red 

wheat bran was determined as a control. 
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Test for Gas Production 

The ability of the sweet potato insoluble and soluble NSF 

fractions to produce gas was tested following the in vitro 

method of Richards, et al. (1968), as modified by Rackis 

and Sessa ( 1970), and El Faki, et al. (1983). The produc-

ti on of gas ( co2 + H2 ) in this system has been correlated 

with the flatulence-inducing properties in humans and rats. 

Test Culture 

A master culture of Clostridium perfringens of intestinal 

origin was obtained from the VPI&SU lmaerobe Laboratory. 

The culture was maintained in chopped meat broth at room 

temperature. To avoid contamination of the mother culture, 

working stock cultures were used in the experiment. A 

24-hour old culture of Q. oerfringens was prepared by inocu-

la ting 10 drops of the working stock culture into a test 

tube of thioglycollate medium free of carbohydrates. 

Medium 

The thioglycollate medium (Table 6) was prepared using 

the guidelines set by Holdeman and Moore (1979) for the pre-

paration of pre-reduced media using the VPI&SU Anaerobic 

Cul tu re System (Bel lco, Inc. , Vineland, NJ) . The samples 

and standard sugars were weighed into individual test tubes 
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and 14 ml of the medium was anaerobically dispensed into 

these tubes, such that the final concentration was 1. 0%. 

The tubes were placed in a press clamp and autoclaved at 15 

psi (121°C), for 15 mins. The final pH of the sterile media 

was between 7. 0 and 7. 2. The cooled test tubes were incu-

bated at 37°C overnight to check for contamination. 
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TABLE 6 

Composition of the Thioglycollate Medium Used for In Vitro 
Gas Study 

Non-Gas Producing Basal 
Medium 

Trypticase 
1-cysteine 
yeast extract 
Sodium Chlorides 
Sodium Thioglycollate 
Agar 
Resazurin 

Basal Medium ?lus 
Carbohydrate 

Glucose 
Arabi nose 
Ga lactose 
Raffinose 
Cornstarch 
Insoluble Fiber 
Soluble Fiber 

Source: Rakes (1971) 

Concentration (grams/liter) 

15.0 
0.5 
5.0 
2.5 
0.5 
0.75 
0.4 ml/100 ml 

%Concent"!:'a'tion 

1.0% (w/v) 
1. 0% (w/v) 
1. 0% (w/v) 
1. 0% ( w/v) 
1.0% (w/v) 
1. 0% (w/v) 
l. 0% (w/v) 
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In Vitro Gas Production 

One ml inoculums f:om the 24-~our culture were transfer-

red to the individual test tubes, mixed well in a vortex, 

and the medium drawn into individual 30 ml glass syringes, 

the barrels of which had been lubricated with mineral oil to 

provide a gas-tight seal. The tips of the syringes were 

plugged with sterile serum rubber caps. The inoculations 

were carried out in the VPI&SU Anaerobic System 

The syringes were incubated at 37°C and checked for gas 

production at 4-hour intervals for 24 hours. Gas produced 

was measured directly from the movement of the syringe bar-

rel. Two types of controls were carried out. The first type 

of control was used to ensure that the medium was not conta-

minated; duplicate tubes containing the non- gas producing 

thioglycollate medium were not inoculated with C. oerfrin-

~- The second type of cor.trol was to ensure that the 

thioglycollate medium did not contain any other source of 

carbohydrate, so duplicate tubes con~aining the non-gas pro-

ducing basal medium were inocula~ed with C. oerfringens. 

Determination of Gas Comoosition 

A Fisher Hamilton Gas Partitioner(Model 29) connected to 

a Fisher Scientific Series 200 recorder (Fischer Scientific 

Co., Pittsburgh, PA) was used to analyze for "the composition 
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of the collected gases. A two-column system was used. Column 

2 (6 1/2 ft x 3/16 in ID glass packed with 40- 60 mesh mole-

cular sieve) was used to determine ~he E2 composition in one 

ml of gas sample with Ar as the carrier gas, flowrate of 36 

ml/min., and Attenuation 256x. The CO~ concentration in 0.5 
L. 

ml of the gas samples was determined using both columns l 

( 6 ft xl/4in ID glass packed with 30% 

Di-2-ethylhexylsebacate on 60-80 mesh columpak) and 2, with 

He as the ca::::-rier gas at 32 ml/rr.in. and ].\ttenuation 8 x. 

The concentration of co2 and H2 in the gas samples was cal-

culated from the peak height measuremer..ts relative to the 

peak heights from standard gas mixtures \Airco Industrial 

Gases Div., Airco, Inc., Research Triangle Park, N.C.) 

Solubilitv 

A 50 mg sample of soluble fiber was weighed. Small in-

crements of this weighed sample were allowed to dissolve in 

0.5 ml of distilled water in a 2.0 ml reacti-vial. The so-

lution was stirred on a motor stirrer for 15 minutes after 

each addition of a quantity of sample. The solution was 

warmed slightly to ensure complete dissolution, then cooled 

to check for any precipitation. When no more fiber would go 

into solution, the remaining fiber was weighed and the con-

centration in solution was calculated. 



RESULTS AND DISCUSSION 

The data to be discussed here were obtained from the ana-

lyses of vacuum- packed Centennial sweet potatoes. The pack-

ing procedure inv::>lves retorting at 240°F for 45 min; so 

these potatoes were considered cooked. Since sweet potatoes 

are not eaten raw, it was thought appropriate to work with a 

cooked sample. However, preliminary work was done on the un-

cooked Centennial sweet potato roots obtained from the Vir-

ginia Eastern Shore. Data on the uncooked sweet potato are 

included in some cases, because data on the composition of 

raw sweet potatoes are rare. 

Proximate and Carbohvdrate Analvses of Cooked Sweet Potato 

Carbohydrates accounted for 83. 3% of the dry weight of 

the vacuum- packed Centennial sweet potato (Table 7). Alt-

hough carbohydrates generally make up between 80 to 90% of 

the dry weight of sweet potatoes (Palmer,1982), they are re-

ported to vary with cultivar, cultivation practice, cooking, 

storage, curing and processing method (Hammet and Barren-

tine, 1961; Sistrunk, 1971,1977; Reddy and Sistrunk, 1980). 

51 
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TABLE 7 

Proximate chemical composition of vacuum-packed Centennial 
sweet potato (dry wt. basis) 1 

ANALYSIS PERCENTAGE 

Protein 4.38 ..... 0.0 -
Ash 1. 93 ± 0.4 
Carbohydrates 

Starch 37.8 ± 0.02 
Soluble 

Sugars (35.7) 
- Sucrose 34.5 ± 1. 2 
- Glucose 0.92 ± 0.0 

Raffinose 0.24 - 0.1 
- Fructose Trace 

Non-Starch Poly-
saccharides 

(NSP) 2 9.78 
Undetermined 3 10.41 

1 Average of duplicates 
2 Equivalent to "total dietary fiber" ap-

proximated from combined yields of so-
luble ar.d insoluble fiber, prepared as 
in Fig. 1. 

3 The undetermined probably reflects 
some losses of material incurred in 
the multistep preparative and analysis 
procedure. Probably also includes 
undetermined "lignin." 
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Starch Content 

Starch in the vacuum-packed sweet potato made up 37.8% of 

the dry weight (Table 7) and accounted for 45.4% of the car-

bohydrates present (Table 8). According to Sistrunk (1979), 

freshly harvested roots are high (4-16% fresh wt.) in 

starch but low in sugars. Sistrunk, et al. (1954) quoted 

Hasselbring and Hawkins ( 1915) who stated that when sweet 

potatoes are stored at low temperatures, the reducing sugar 

content decreases which seems to indicate that starch is 

converted to reducing sugars and then to sucrose. There is 

no change in sucrose during cooking, but rather during cur-

ing and storage. During baking or processing, .much of the 

starch is converted to maltose and dextrins Ali and 

Jones, 1967; Hammett and Barrentine, 1961; Walter -et al, 

1975). The high temperatures ( 45 mins. at 240°F for 404 x 

307 can size)(Lopez, 1981) employed in canning must be favo-

rable to the heat-resistant amylases (Walter et al., 1975) 

present in sweet potato. Much of the sugars in the canned 

sample probably have arisen from enzyme hydrolysis of starch 

in the early stages of processing or even during storage 

prior to processing. 

The values for starch shown in Tables 7 (38%) and 8 were 

obtained from the chemical method of Pucher, et al. ( 1948). 

With this method, starch is actually isolated and analyzed. 
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The enzymatic method yielded a value of 40% starch on a dry 

wt. basis. In the enzyi.\atic :nethod, starch is calculated 

from the reducing sugars released during enzymic hy¢rolysis, 

on the assumption that glucose is the only sugar released. 

However, amylases are notorious for their content of other 

polysaccharidases and the 2~~ :!:'ligher value for starch ob-

tained by the enzymatic method probably reflects enzymatic 

release of sugars other than glucose from hemicelluloses or 

pectins. 

Soluble Sugars 

The soluble sugars (Table 7) made up 35. 7% of the dry 

weight of the sweet potato, with sucrose alone accounting 

for 34. 5%; glucose was only 0. 92%, and raffinose 0. 24:%. 

Trace amounts of fructose were found. The ratio of sucrose 

to the rest of the sugars agree with the data reported by 

Lambou (1957) where sucrose made up from 66-75% of Unit I 

Porto Rico roots while glucose and fructose contents ranged 

from 7-11% and 6-11%, respectively; the roots had been cured 

and were stored at 60°F for 6 months. Sucrose decreased from 

75% after curing to 66% after 6 months ,storage. Lambou also 

reported the presence of maltose which was not observed in 

the present sample. Mcdonald and Newson (1970) also reported 

these same sugars, except maltose, in Centennial roots. 
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TABLE 8 

Composition of carbohydrates in vacuum-packed Centennial 
sweet potatoes. 

% of total carbohydrates 

Starch 1 

Soluble sugars 2 

--sucrose 
--glucose 
--raffinose 
--fructose 
Non-Starch Poiy-
saccharides (NSP) 3 

45.4 

41. 5 
1.1 
0.29 

Trace 

11. 7 

1 Determined by the chemical method of Pucher, et al.(1948) 
2 Determined by HPLC 
3 Determined by the modified AOAC method (Prosky, et al. 

1983). 
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Raffinose made up only 0.24% of the canned sweet potato, 

and therefore correlates well with the 0.5% for baked sweet 

potato shown in Table 2. As mentioned earlier, it seems un-

likely that the small levels of raffinose present in sweet 

potato would be sufficient to generate significant flatu-

lence. It was observed that the raffinose was not present 

in uncooked Centennial sweet potato, also analyzed in this 

study. This oligosaccharide was not reported by Lambou 

(1957) nor by McDonald and Newson (1970) who both analyzed 

uncooked Centennial sweet potatoes. This suggests that the 

raffinose becomes more soluble upon cooking or processing. 

The uncooked Centennial sweet potato also analyzed in 

this study contained 33.9% starch; 21.9% sucrose; 2.1% glu-

cose; 1.5% fructose; 5.6% protein, and 2.8% ash. 

Isolation of Non-Starch Polvsaccaharides 

Comments on the Procedures Utilized 

As mentioned earlier, the enzymatic approach :or the ex-

traction and isolation of polysaccharides approximates or 

simulates the human digestion process, and the carbohydrate 

and non-carbohydrate components resistant to the in vitro 

digestion would then be the non-starch polysaccharides, or 

dietary fiber. 
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The use of the physiological enzymes pepsin and pancrea-

tin is the most commmon approach (Hellendoorn et. al., 1975; 

Schweizer and Wursch, 1979; Asp et.al.,1983). However, the 

acidic conditions (pH 1. 5) required with pepsin, coupled 

with long (18 hours) periods of ir.cubation, could cause loss 

by hydrolysis of acid-labile dietary fiber components, espe-

cially arabinose-containing side chains (Schweizer and 

Wursch,1979; James and Theander,1981). 

Therefore, a preparative adaptation cf the AOAC method 

(Pro sky, et al. , 1983) shown in Figure 1, was "Jsed in this 

study. Briefly, this involved the partial digestion of 

starch by a-amylase ( Termamyl) during the gelatinization 

step, followed by a bacterial protease to remove the protein, 

and amyloglucosidase to digest the remaining starch and dex-

trins. Since the protease has an optimum pH of 7.5, and the 

amylases about pH 4.5-6,the acidic condition was avoided. 

Perhaps the most difficult aspect when working with fiber 

in high starch foods is to assure the complete removal of 

starch. Fiber values for high starch foods, like rice and 

potatoes, may be erroneously elevated due to incomplete re-

moval of starch (Prosky et.al,1983). Proper gelatinization 

of the starch is essential to facilitate subsequent starch 

hydrolysis by amyloglucosidase. The AOAC procedure calls 

for gelatinization in a boiling water bath for 30 minutes, 
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the time to start when the incubation mixture actually 

reaches boiling temperature (about 95°C). It is also impor-

tant for the sample to be well suspended in the buffer to 

assure sufficient contact of all starch granules with the 

hot water. Another problem is that enzymatic hydrolysis of 

the starch yields a qJ.i te concentrated glucose solution. 

Thus, the insoluble unhydrolyzed residue must be washed tho-

roughly to avoid glucose contamination of the isolated fi-

ber. This was accomplished in the present case by washing 

the isolated insoluble residue 5 times with warm (60°C) wa-

ter. 

In the original AOAC procedure (designed to determine to-

tal fiber) the soluble fiber is precipitated with alcohol 

and collected by filtration on the filter crucible previous-

ly used to collect the insoluble fraction. The pooled solu-

ble and insoluble fractions are then thoroughly washed on 

the filter to remove free glucose and other possible conta-

minants prior to drying and weighing. 

In the present study, the precipitated soluble fraction 

was collected independently by centrifugation, washed 3x 

with a total of 30 ml of warm (60°C), 75% ethanol to assure 

removal of glucose. The absence of glucose or other low mo-

lecular weight components in the soluble fraction was con-

firmed by gel filtration of the redissolved fraction and by 

EPLC. 
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Comoosition of the Insoluble and Soluble Non-Starch 
Polysaccharides 

High Performance Liquid Chromatography (HPLC) versus Gas 
Chromatography (GC) for Analvsis of Suaar Composition 

The neutral sugars of the insoluble and soluble fractions 

of sweet potato were initially determined in sulfuric acid 

hydrolysates by HPLC. However, as shown by typical HPLC 

chromatograms in Figures 2 and 3, baseline separation was 

not achieved. Estimating galactose in the soluble fraction 

was particularly difficult since this sugar yielded non-

Gaussian peaks, with erratic and severe "tailing". In the 

insoluble fraction, one major glucose peak stood out (Figure 

2), while the rest of the sugars were little more than 

irregularities on the baseline. Nevertheless, approxima-

tions of sugar concentrations in hydrolysates could be made, 

relative to standard sugar solutions where concentrations of 

individual standard sugars were adjusted to yield HPLC pat-

terns similar to the samples. 

Better separation and quantitation of the sugars in the 

hydrolysates was achieved by GC. Typical GC chromatograms 

are shown in Figures 4 and 5. Not only was baseline separa-

tion attained, but trace or minor sugars such as fucose, 

rhamnose and xylose, which were masked in HPLC by the bigger 

peaks of the major sugars, were now identified and measured. 
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Figure 3. Typical HPLC chromatogram for the sepa-
ration of sugars in the soluble fraction 
of the sweet potato 1- glucose, 2- ga-
lactose, 3- arabinose, 4- mannose. 
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The data on sugar ccmposition of NSP shown in subsequent 

tables was taken primarily from the GC analyses, but with 

the relative proportions and identities confirmed by HPLC 

and Thin Layer Chromatography (TLC) analyses. 

Composition of Insoluble Non-Starch Polvsaccharides 

Table 9 su~marizes data on the insoluble NSP. Glucose was 

the predominant sugar in the insoluble fraction, and ac-

counted for 68.2% of the total neutral sugars. On a normal-

ized basis, NSP (total neutral sugars as polysaccharides 

plus uronic acid) make up about 88. 4~~ of ':he dry matter. 

After correction for the glucose derived from the starch 

(l.6%), glucose polysaccharides (glucans) accounted for 

66.6% of the dry weight. This glucose was initially assumed 

to be derived entirely from cellulose. However, an indepen-

dent assay yielded a value of 43. 8% cellulose, indicating 

the presence of a substantial concentration (about 23%) of 

non-cellulosic glucan in the insoluble NSP. This indepen-

dent glucan fraction, perhaps a storage polysaccharide, is a 

potential candidate for the flatulence inducer. Further 

studies should include a detailed study of the cellulose and 

hemicellulosic glucans of sweet potato. The data in Table 9 

were normalized for convenience, as it is easier to see the 

relative ratios of the components on a 100% basis. 
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TA:SLE 9 

Percentage yield and percentage composition of the insoluble 
NS? of Cen-c.ennial sweet po--cato (dry basis) 1 

". , .2 :i::J..eJ..a 
Glucose 
Galactose 
Xylose 
Arabi nose 
Man.nose 
Rhamnose 
Fucose 
TOTAL 
NEUTRAL SUGARS3 

Uronic Acid 
Starch 
Protein 
Ash 

a. 
RECOVERY-

5 Cellulose 

As Deter::-~i::.'"l~d 

7.21 
74.9 ±0.93 
8.47±0.08 
5.14±0.06 
2.75±0.03 
1.53±0.02 
0.70±0.02 

Trace 

93.5 

3.52±0.01 
1.76±0.00 
6.31±0.00 
4.68±0.60 

109.8 

43.8 ±0.50 

l'·Jo::::-malized 

68.2±0.93 
7.72±0.08 
4.68±0.06 
2.5:±0.03 
1.39±0.02 
0.64±0.02 

Trace 

85.2 

3.21±0.01 
1.60±0.00 
5.75±0.00 
4.26±0.60 

100.0 

1 Mean of 2 determinations ± sta~dard deviation. 
2 Yield from 5 grams sweet potato, prepared as in Fig.l. 
3 Neutral sugars expressed as polysaccharides 

(free sugar x 0.9). 
4 Sum of the neutral sugars (GC), ~ronic acid 

(Ahmed and Labavitch, 1977), starch (?~cher, et al., 
1948), protein (micro-Kjeldahl), and ash. 

5 Cellulose from meL.hod of Updegraf= (1969). 
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It is recognized that normalization may distort the data to 

some extent, but it provides a common basis for comparing 

data on insoluble and soluble NSP. 

To get a clearer picture of the composition of the NSP, 

the data in Table 9 were cor::!:'ected for the presence of 

starch and non-carbohydrate materials, which were ash and 

protein. The corrected data (Table 10) indicate the insolu-

ble fraction to be about 50% cellulose. The relatively 

small amounts (about 0.7 to 9%) of the typical hemicellulose 

sugars and of uronic acid are consistent with these sugars 

being part of a typical cell wall. No doubt part of the 

hemicellulosic glucose is also derived from the cell wpll. 

The substantial protein content suggest the presence of 

some covalently bound protein which was ~naccessible to the 

proteases used. All isolated NSP or fibers contain appreci-

able ash, no doubt representing salt linkages in the origi-

nal material. 

Comoosition of Soluble Non-Starch Polvsachharides 

Data on the soluble non-starch polysaccharides in sweet 

potato are shown in Table 11. On a normalized basis, the NS? 

(neutral components + uronic acids) make up 74.5% of the dry 

weight. Galactose was the predominant sugar (44%), indicat-

ing that the main backbone chain is a galactan (Table 12). 
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TABLE 10 

Composition of the Non-Starch Polysaccharides in the 
insoluble residue of Centennial sweet potato. 

1 Percentage of Total NSP 

Glucose2 
(cellulose) 
(hemicellulose) 

Ga lactose 
Xylose 
Arabinose 
Mannose 
Rhamnose 
Uronic Acid 

76.8 
(50.4) 
(26.4) 

8.89 
5.39 
2.89 
l. 60 
0.73 
3.70 

1 sum of total neutral sugars (as polysaccharides) and uronic 
acid (Ahmed and Labavitch, 1977). Total neutral sugars 
were determined by GC. 

2 corrected for starch glucose. 
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TABLE 11 

Percentage yield and percentage composition of the soluble 
NSP of Centennial sweet potato (dry basis) 1 

As Determined Normalized 

Yield2 2.57 
Galactose 27.8 ± 2.5 33.1 ± 2.5 
Arabi nose 6.58 ± 0.3 7.82 ± 0.3 
Mannose 4.23 ± 1.1 5.03 ± 1.1 
Rhamnose 1. 78 ± 0.4 2.11 ± 0.4 
Glucose 1. 33 ± 0.2 1. 58 ± 0.2 
Xylose 0.89 ± 0.4 1. 06 ± 0.4 
Fucose 0.37 ± 0.1 0.44 ± 0.1 

Total Neutral 
Sugars 3 43.0 51.1 

Uronic Acid 19.7 ± 0.9 23.4 ± 0.9 
Starch 0.64 ± 0.1 0.76 ± 0.1 
Protein 15.9 ± 0.5 18.9 ± 0.5 
Ash 4.93 ± 0.2 5.86 ± 0.2 
RECOVERY4 84.2 100.0 
Celluose 5 1. 63 ± 0.1 

1 Average of duplicate determinations on 2 separate 
preparations 
2 Yield from 5.0 grams sweet potato, soluble NSP 
prepared as in Fig.l 
3 Neutral sugars expressed as polysaccharides (free 
sugars x 0.9) 
4 Sum of the neutral sugars (GC), uronic acid 

(Ahmed and Labavitch, 1977), starch (Pucher, et 
al., 1948), Protein (micro-Kjeldahl), and ash. 

5 Cellulose from method of Updegraff (1969) 
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TABLE 12 

Composition of the polysaccharides in the soluble residue of 
Canned Centennial sweet potato 

Percentage of total NSP 1 

Galactose 
Arabinose 
Mannose 
Rhamnose 
Glucose 
Xylose 
Fucose 
Uronic Acid 

44.41 
10.50 
6.75 
2.83 
2.12 
1. 42 
0.59 

31. 37 

1 Sum of total neutral sugars (as polysaccharides) and 
uronic acids (Ahmed and Labavitch, 1977). Neutral sugars 
were determined by GC. 
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Substantial quantities of arabinose (11%) and mannose (7%) 

were also present, suggesting that either the main galactan 

chain carries side chains containing arabinose and/or that 

an arabinomannogalactan type is present. The small quanti-

ties of glucose and xylose may have been fragments solubi-

lized from the insoluble fraction, or they could actually 

form part of the side chains on the main galactan chain. 

Arabinogalactans are common constituents of cell walls, but 

there could be other polysaccharide types such as galacto-

mannans or arabinomannogalactans. 

Uronic acids were present in the soluble fraction in sub-

stantial quantities (31%), and suggest an independent compo-

nent of pectic substances. The presence of the sugars rham-

nose ( 3%) and fucose ( 0. 6%) could imply branching of the 

pectic substances, or, together with arabinose and xylose, 

may form side chains of a main galactan chain. Fucose and 

rhamnose are reported as components of pectic substances 

(Cummings, 1976). Selvendran, et al. (1983) report that po-

tato tubers contain some arabinogalactans with relatively 

small amounts of galacturonic acid and rhamnose isolated 

from the hot-water soluble fraction, that the bulk of the 

hot-water soluble pectins are highly esterified, and the 

rhamnogalacturonan chains have arabinogalactans attached to 

them. White potatoes may not be directly comparable to 
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sweet potatoes, but it is possible similar pectic substances 

are present in the sweet potato. 

The only data found in the literature on the non-starch 

polysaccharides of sweet potato were those reported by Chen 

and Anderson (1981). They reported that the soluble fiber 

fraction in canned sweet potato was predominantly glucose, 

but contained small quantities of arabinose, xylose a~d oth-

er sugars, and 22 % uronic acid (Table 13). The high glucose 

content (64%) suggests the presence of glucans. Their find-

ings contradict the results of the present study where ga-

lactose is shown to be the predominant sugar (44%) and glu-

cose present in very small amounts (2%). However, the 

uronic acid content (31%) is not that different (Table 12). 

Preliminary data obtained in the present study on compo-

sition of the soluble NSP showed results (Table 13) very 

much like those reported by Chen and Anderson ( 1981). It 

was later determined that the preliminary data were in er-

ror, for two reasons: First, the starch hydrolysis was in-

complete 

lized to 

4% starch remaining under the conditions uti-

prepare the soluble NSP ( 10 g sample in 50 ml 

buffer, 15 mins gelatinization and hydrolysis with Termamyl 

at 95°C and 15 hours incubation with amyloglucosidase). Sec-

ond, the sample preparation was contaminated with considera-

ble glucose derived from the starch hydrolysis. This was de-
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TP1.BLE 13 

Comparison of composition of soluble NSP in canned sweet 
potato determined in two laboratories. 

Percentage of total carbohydrate 

Glucose Ara Xyl Others 1 Uronic 
Acid 

Chen and Anderson 
(1981) 

Present Study 
(earlier data) 2 

64 

52 

5 

2 

1 8 

22 

1 including rhamnose, fucose, mannose and galactose 
2 data obtained from preliminary ex~raction 

procedure involving 15 mins. gelatinization and 
15 hours incubation with amyloglucosidase, which 
differed from the AOAC procedure (Fig 1). 

22 

27 
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monstrated both by gel filtration and by HPLC analysis of a 

solution of the preparation. Thus, when the preliminary pre-

paration was acid hydrolyzed and the sugars determined, glu-

cose was the predominant sugar (Table 13), arising both from 

hydrolysis of the contaminating starch and from the contami-

nating glucose. Later preparations of soluble NS?, prepared 

as in Fig. 1, were virtually free (0.8%) of starch. It was 

also demonstrated that a combined washing/ dialysis proce-

dure of Fig. l would remove ail of the free glucose, derived 

from the enzymatic hydrolysis of the starch. 

Whenever the procedures ;:: ~· o ... ::lg. 1 were rigorously fol-

lowed, the soluble sweet potato NSP had a composition as 

shown in Table 11. It is suggested that the data of Chen 

and Anderson (1981) are in error, because their preparations 

were contam~nated with starch and/or glucose. 

The data in Table 11 were corrected for the presence of 

starch, ash and protein. The protein value (15.2%) is quite 

high. What percent of this represents proteins covalently 

bound with the cell wal: polysaccharides inaccessible to the 

proteases used and which represents protein i:npuri ties, is 

not known. 

As mentioned , . ear ... 1er, all isolated NSP contain apprecia-

ble ash, representing salt linkages in the original materi-

al. However, a high ash content interfered with the recovery 
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of the neutral sugars. Table 14 shows the percentage compo-

sition of a soluble residue sample where the ash (13%) was 

not reduced as much as the value shown (6%) in Table 11. The 

ash resulted from the precipitation of buffer salts during 

the precipi ta ti on step with alcohol. The concentration of 

the phosphate buffer (O.lN) recommended by the AOAC proce-

dure is high, considering that 50 ml of this is used to sus-

pend only a gram of sample. Increasing the sample size to 

5. 0 grams accompanied by a twenty-fold dilution of the buf-

fer resulted in a decrease of the ash content. 

To verify if the phosphate buffer was the source of the 

ash, the original freeze-dried sweet potato and the soluble 

fraction were analyzed for their mineral content. The re-

sults (Table) 15 showed that the phosphorus content of the 

soluble residue was about 4x that of the freeze-dried pota-

to. To remove as much of the ash as possible, subsequent 

isolated soluble fractions were dialyzed for three days at 

refrigeration temperature (10°C), with two changes of water 

everyday. The dialyzed samples were freeze-dried and re-an-

alyzed. 

To ensure that no important NSP component was dialyzed 

out, the dialyzed sample and an equivalent undialyzed sam-

ple, were analyzed by gel- filtration (discussed in the next 

subsection). Only the soluble glucose derived from starch 
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TABLE 14 

Percentage yield and percentage composition of the Iolu-
ble NSP with a higher ash content (dry basis) 

As Determined Normalized 

Galactose 13.5 18.4 
Arabinose 3.77 5.14 
Mannose 3.62 4.94 
Rharnnose 1. 3 1. 79 
Glucose 0.73 0.99 
Xylose 0.58 0.79 
Fucose 0.29 0.40 
TOTAL NEUTRAL SUGARS 2 23.8 32.4 
Uronic Acid 19.8 27.1 
Starch 1.19 1. 62 
Protein 16.9 23.0 
Ash 9.66 13.2 
RECOVERY 3 73.3 100.0 
Cellulose 4 1.06 

1 Mean of 2 determinations 
-2 

Neutral sugars expressed as polysaccharides (free sugar 
x 0.9). 

3 Sum of the neutral sugars (GC) , uronic acid (Ahmed and 
Labavitch, 1977), starch (Pucher, et al., 1948), pro-
tein (micro-Kjeldahl), and ash. 

4 Cellulose from method of Updegraff (1969) • 
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hydrolysis was dialyzed out, while the rest of the higher MW 

components (MW > 10,0CO) were retained. 

Yield of the non-starch polysaccharides in sweet potato 

The total yield of NSP as carbohydrate in canned Centen-

nial sweet potato was 9.78%. The insoluble NSP accounted for 

7.2% of this value, while 2.6% represented the soluble NSP. 

Chen and Anderson ( 1981) reported total fiber of canned 

sweet potato (variety not specified) to be 9.7%, 4.3% solu-

ble fiber and 5. 4% insoluble fiber, including lignin. Lund 

and Smoot ( 1982) reported a higher total fiber value of 

13.3% for uncooked Puerto Rican sweet potato. The insoluble 

fiber made up 7. 5%, while the soluble fiber was 5. 8%. The 

higher value reported by Chen and Anderson (1981) for the 

soluble fiber could be overestimated and may be due to con-

taminating glucose from the hydrolysis of starch. 

Molecular Weights of the Soluble ?olvsaccharides 

The molecular weights of the isolated soluble polysac-

charides were estimated relative to the molecular weights of 

standard polysaccharides. The samples and standards were 

prepared in and eluted with O.OSM Na2so4 to avoid electros-

tatic repulsion of ionized groups (possibly present because 

of high uronic acid content) on the soluble polysaccharides. 
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TABLE 15 

Mineral composition of freeze-dried sweet potato and 
corresponding soluble fraction (ppm) 

Minerals 

Ca 
Mg 
Na 
K 
p 
Si 

Freeze-dried 
Sweet Potato 

730 
775 
117 

14084 
1509 

18 

Soluble 
Polysaccharide Fraction 

4354 
8290 
1870 

31500 
63325 

<11 1 

1 indicates element is below detection limit of instrument 
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This may occur in aq~eous solution; so the use of a salt so-

lution "saturates" the charges and minimizes repulsion, of 

pectins, for example. 

Separations were first done on "E-125", the column with 

the low MW fractionation range ( 600-40, 000). This column 

yielded only one broad ill-defined "peak" which indicated 

that virtually all the polysaccharide material had a MW 

above 40,000. 

The elution profile of the same dialyzed soluble fraction 

on the E-linear column is shown in Figure 6. The first peak 

indicates a substantial quantity of a high MW component with 

a MW greater than 1,000,000. The second peak corresponds to 

a fair amount of material with a MW in the range of 200,000. 

The third peak was broad, indicating a mixture of material 

with a molecular weight over the range of about 10, 000 to 

36,000. This particular sample had been dialyzed, but not 

washed with 75% ethanol and shows the typical peak for the 

contaminating glucose at full column volume. The remaining 

contaminating glucose was later removed completely by re-

peated washings (3x) with warm 75% EtOH. 
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Figure 6. Gel Filtration(GF) of the sweet pota-
to soluble NSP on the E-linear column. 
Molecular weights based on dextrans: 
1-1,000,000 2-200,000 3-10,000 to 
36,000 4- contaminating glucose. 
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Gas Production from Sweet Potato NSP 

As discussed in the Review of Literature, some of t:1e 

flatulence activity from ingestion of legumes by humans has 

recently been associated with components other than the in-

digestible oligosaccharides, raffinose, stachyose, and ver-

bascose. Alcohol-insoluble bean residue not only induced 

flatulence, but also enhanced the H2 producing potencies of 

raffinose and stachyose (Wagner, et al. , 1976). The residue 

contained the so called "dietary fiber" components in food 

pectins, cellulose, hemicellulose and lignin (Fleming, 

1981). 

The relative gas producing potential of the isolated in-

soluble and soluble fractions of sweet potato was determined 

following the in vrtro method of Richards, et al. (1968), as 

modified by Racki s, et al. , ( 1970) and El Faki, et al. 

(1983). The standard sugars used were glucose, arabinose, 

galactose and raffinose. Cornstarch and two types of con-

trol were also tested. Briefly, this involved inoculation 

of the different substrates in thioglycollate medium with C. 

perfringens, drawing the inoculated medium into sterile, 30 

ml glass syringes, and incubation of the syringes at 37°C. 

Gas production was measured directly from the movement of 

the syringe barrel. The results of the in vitro test, in-

eluding analysis for gas composition, are tabulated in Table 

16. 



TABLE 16 
In vitro anaerobic fermentation of the insoluble and soluble polysaccharides of 

sweet potato by ~- perfringens. 

Total Gas Produced ( ml) Gas Com-
position 

Substrate Net (%v/v) 
4 hrs 8 hrs 12 hrs 16 hrs 20 hrs 24 hrs Vol. (ml) H2 co2 

·-
Glucose o.5 25 + + + + + 63 37 
Arabinose 0 0 0 0.5 0.5 0.5 0 
Galactose 0 1 10 13 20 25 24. 5 62 39 
Raffinose 0 0 0.5 7.0 13 + + 63 37 
Corn Starch 0 10 11.5 12 12 13 12.5 63 39 
Insoluble 0 l l. 5 1.5 1.5 2 1.5 63 38 
Residue 

Soluble 0 0.5 1.0 1. 5 2.0 3 2.5 70 32 Residue 

Control 1 0 0 0 0 0 0 0 
(w/o CHO & 
w/o organism) 
Control 2 0 0 0 0 0 1.5 0.5 
(w/o CHO but 

'!!./ organism) 
1 Average of duplicate determinations of 2 separate assays 
2 Net Volume = volume of sample - volume of control 2 
+ more than 25 ml in the glass syringe 

not enough gas to be analyzed, or no gas at all. 

00 
I-' 
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Glucose and raffinose were among the sugars tested for 

gas production by Rackis, e~ al. (1970). It was suggested 

that a breakdown of the oligosaccharides to monosaccharides 

occurs before the gas-producing mechanism can take place. 

Thus, a longer delay must occur before the onset of gas pro-

duction with oligosaccharides like ra:finose and stachyose. 

This would explain the observed (Table 16) faster rate of 

gas production by glucose, if its simple form is the prefer-

red substrate for C. perfringens The observed delay ( 12 

hours) in the onset of gas production in the case of raffi-

nose implies that hydrolysis had to occur before it could be 

utilized efficiently. ( Raffinose yields glucose, galactose 

and fructose upon hydrolysis.) This period of delay may 

also correspond to a time for induction of enzymes which in-

volves the synthesis of enzymes, not previously present, in 

response to a substrate (Dekker, 1979). 

Three to four hours is the reported length of time bet-

ween ingestion of legumes and the initiation of flatus gas 

production. This delay corresponds to the time required for 

ingested food to reach the region of the intestine dominated 

by anaerobes Rockland, et al., 1969). In the present study, 

no gas production was observed before four hours. Glucose 

was the only substrate which yielded significant gas prior 

to 8 hours (Table 15). 
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The insoluble and soluble polysaccharide fractions pro-

duced measurable gas, but much less than raffinose, which is 

a notorious flatus inducer from l~gumes. The soluble frac-

tion produced one ml more of gas than the insoluble fraction 

(Table 16). However, in preliminary runs where the insoluble 

fraction was used as a test substrate, a net volume of 4.0 

ml was produced, indicating that the insoluble fraction is 

as much a potential flatus producer as the soluble fraction. 

As in the case of raffinose, there was a delay to the onset 

of gas production for the isolated NSP fractions, indicating 

that hydrolysis had to occur before they could be utilized 

by g. oerfringens to produce co2 and H2 . Again,· this may 

well correspond to an enzyme induction period. 

Data in Table 9 suggest the possible presence of an inde-

pendent glucan fraction in the insoluble residue. This 

could be a potential source of gas production due to its 

hydratability. Generally, carbohydrates have to be soluble 

or hydratable to serve as a carbon source for colon bacte-

ria. The insoluble fraction was in :act observed to be very 

hydratable after the autoclaving step. A simple test was 

done to determine if the autoclaving step brings part of the 

insoluble residue into solution. Fifty mg of insoluble re-

sidue was suspended in 5 ml distilled water in a test tube 

(equivalent to the 1.0% concentration of the substrates in 
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the test medium. The tube was autoclaved at 121°C for 15 

mins.(15 psi), centrifuged, and the supernate decanted. The 

insoluble residue was freeze-dried and weighed. Twenty-

three percent of the insoluble residue went into solution. 

This seems to correlate well with the calculated 26% hemi-

cellulosic glucose. Fleming (1981) reported a positive cor-

relation between H2 production and glucans. 

Al though the soluble fraction also produced little gas, 

it is a possible source, because of its hemicellulose and 

pectin contents. Galactose was the predominant sugar in the 

soluble fraction, suggesting the presence of a galactan 

which may not be readily soluble or fermentable. 

Cornstarch was analyzed for gas production because the 

soluble and insoluble fractions still contained low quanti-

ties of starch (refer to Tables 9 and 11). Although starch 

is easily digested by the digestive enzymes of man, recent 

studies have associated it with gas production from legumes 

(Kurtzman and Halbrook, 1970; Jaya, et al, 1979; El Faki, et 

al, 1983). Hellendoorn (1969) suggested that the undigested 

starch in beans reached the lower intestine due to acceler-

ated passage down the GI tract, where it is microbially fer-

mented to produce the flatus gases. When 1. 0% cornstarch 

was incorporated in the medium, the volume of gas produced 

in 8 hours was already 10 ml, slightly less than half the 
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amount released by glucose. However, gas production started 

leveling off after 8 hours, and tbe net volume was only 12.5 

ml at 24 hours. The residual starch was 1.6 % in the inso-

luble residue, and 0.8% in the soluble residue. These two 

fractions were incorporated into the medium at 1.0%, so the 

actual starch concentration in the medium was about 0.01%. 

Hence, the gas production with the sweet potato fractions 

did not result from the presence of starch in the fractions. 

Trial runs with low levels of glucose (0.01% and 0.1%) pro-

duced barely measurable gas after 24 hours. 

The predominant sugars found in the hydrolysates of the 

soluble fraction of sweet potato were galactose and arabi-

nose, hence the flatulence potential of standard galactose 

and arabinose was also determined. Like glucose, galactose 

produced a lot of gas, but the time to onset of gas produc-

tion was longer. Cristofaro, et al. ( 1974) presented evi-

dence by Rosterli tz ( 1937) that galactose is converted to 

glucose in the liver by phosphorylation steps. C. perfrin-

gens may be able to carry out that transformation, and this 

could explain the big volume of gas produced, comparable to 

that of glucose and raffinose. Arabinose was observed to 

produce almost no gas, indicating that it is not a fermenta-

ble substrate for C. perfringens. 
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Data for gas composition show co2 and H2 to be the main 

gases in the samples analyzed. These are the gases charac-

teri stic of fermentation by .Q. oerfringens. The ratio of 

co2 to H2 obtained in trial runs was 1:1, the ratio usually 

reported in literature. However, data in Table 16 show that 

the amount of co2 was generally higher than H2. A similar 

ratio of co2 to H2 was reported by Rackis, et al. (1970). 

Different ratios of the gases have also been reported, but 

the volume of gas produced is considered more important than 

the ratio of the gases (Calloway, et al.1966). 

Further studies should be done to determine the role of 

the insoluble and soluble fractions of sweet potato in fla-

tus production. However, the flatus potential should also 

be tested in human subjects and results correlated with 

those obtained from the in vitro test. Complex polysacchar-

ides may produce more gas in the presence of mixed colon 

flora. Also, the test with C. perfringens may not be appro-

priate for testing complex polysaccharides. A mixed colon 

flora, containing organisms capable of fermenting polysac-

charides would appear to be a more appropriate in vitro 

test. 
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Water-Holding Caoacity (WHC) 

Measurement of WHC provides an estimate of the amount of 

water which can be bound and trapped by fiber. The WHC of 

dietary fiber is a function of the fiber source and method 

of measurement. The high WHC of vegetable fiber is probably 

due to the vegetable fiber having a greater ability than ce-

real fiber to trap water within the cell matrix, rather than 

due to its ability to bind water (Robertson and Eastwood, 

1981). WHC as measured by centrifugation probably is more a 

function of fiber structure than chemical composition. 

The WHC of sweet potato insoluble fiber was found to be 

more than twice the WHC value for the control AACC hard red 

wheat bran. As discussed earlier, the insoluble fraction of 

sweet potato has a high concentration of hernicellulosic glu-

cose (26%), suggesting the presence of an independent glucan 

fraction. This could account for its higher (16.4 g water/g 

fiber) WHC compared to that of hard red wheat bran (6.99 g 

water/g fiber). The observed value for AACC hard red wheat 

bran approximates the reported WHC value of 7.5 g water/g 

fiber. The sweet potato insoluble fiber appeared to be hy-

dratable and swelling when soaked in the water for 24 hours, 

but the wheat bran just clumped down at the bottom of the 

tube. That sweet potato fiber hydrates and disperses was il-

lustrated by the simple autoclaving experiment discussed 
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earlier, in which 23% of the insoluble residue was observed 

to go into solution. 

In a study to determine the effect of having sweet potato 

supply 80-99% of the total calories and 75 to 91% of total 

protein in the diet, Huang ( 1982) reported that the high 

dietary fiber content of sweet potato increased the faecal 

volume, which averaged about 800 grams on a wet weight basis 

per day. The results of this study suggest that sweet potato 

would increase faecal bulk because of its high WHC. However, 

this contradicts the results of Stephen and Cummings (1979) 

who reported an inver-se relationship between water-holding 

and faecal bulking, suggesting that dietary fiber does not 

exert its effect on faecal weight simply by retaining water 

in the gut. 

Various components of plant fiber have been reported to 

have differ-ent wa-cer-holding capacities ~ cellulose has a 

moderate capacity, pectic substances and hemicelluloses have 

a high capacity, and lignin, a minimal capacity to hold wa-

ter (Eastwood and Mitchell, 1969). Although the insoluble 

residue of sweet potato is 50% cellulose, the pr-esence of a 

substantial amount of hemicellulosic glucans could explain 

its ability to hold more water than wheat bran. 
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Solubility of the sweet ootato soluble NSP 

It is recognized that in the simple solubility test car-

ried out in this study, complete equilibration may not have 

been achieved and/or that the qiber "solution" might, in 

fact, be a sol. However, the primary objective was to get an 

approximation of the amount of soluble fiber which could be 

readily suspended and/or dissolved in water at room tempera-

ture. 

The final concentration of the solution of sweet potato 

soluble NSP was 8.4%. The solution was observed to be fairly 

viscous and almost opaque. This suggests the potential of 

sweet potato as a food ingredient, since it easily disperses 

to form a thick mixture. 

eluded in the future. 

Viscosity studies should be in-



SUMMARY AND CONCLUSION 

This research provides information on the composition of 

the non-starch polysaccharides (NSP) of cooked sweet pota-

toes, and indicates that the NSP are potential sources of 

the flatulence induced by ingestion of sweet potatoes. So-

luble and insoluble NSP were isolated by adaptation of an 

enzymatic digestion method which was originally developed to 

determine total dietary fiber. 

The isolated insoluble fraction represented 7. 2% of the 

dry weight of sweet potato. On a normalized basis, the NSP 

made up about 88% of the dry matter of the insoluble frac-

tion, the remainder being protein, ash and a trace of 

starch. After correcting for the glucose derived from 

starch, the glucose polysaccharides accounted for 66% of the 

dry weight of the insoluble NSP. An independent cellulose 

assay yielded a value of 44% cellulose, indicating the pres-

ence of an independent glucan fraction (26%), perhaps a sto-

rage polysaccharide. Relatively small amounts (0.7 to 9%) 

of the typical hemicellulose sugars (xylose, galactose, ara-

binose, mannose, rhamnose and fucose) and of uronic acid 

( 4%) were also present. Further studies should include a 

detailed study of the hemicellulosic glucans. 

90 
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The isolated crude soluble polysaccharide fraction made 

up 2.6% of the dry weight of sweet potato. On a normalized 

basis, the NSP accounted for 75% of the dry weight of the 

soluble fraction. Galactose was the predominant sugar 

(33%), with substantial amounts of arabinose (8%) and man-

nose (5%). This suggests either of two things: the presence 

of a main galactan chain with side chains containing arabi-

nose and/or the presence of an arabinomannogalactan type of 

chain. Uronic acids were also present in substantial quan-

tities (23%), 'suggesting the presence of an independent com-

ponent of pectic substances. The presence of fucose and 

rhamnose could imply branching of the pectic substances. 

They could also form side chains of a main galactan chain 

together with arabinose and xylose. 

The data for the soluble NSP are in sharp contrast to 

those reported by Chen and Anderson ( 1981). These authors 

found glucans to be the predominant hemicellulosic compo-

nents in the soluble NSP. The present study has shown, 

based on gel filtration and HPLC, that contaminating glucose 

from the hydrolysis of starch could easily be mistaken to be 

derived from glucans. 

Gel fi 1 tr a ti on studies of the soluble NSP indicate the 

presence of a substantial quantity of a high MW component 

with a MW greater than l,000,000;a smaller amount of materi-
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al with a MW in the range of 200,000, and a major component 

believed to be a mixture of material with a MW over the 

range of about 10,000 to 36,000. 

The in vitro test for flatulence has shown that both the 

insoluble and soluble NSP in sweet potato are potential fla-

tus-inducers. However, the presence of a substantial quan-

tity of hydratable hemicellulosic glucans in the insoluble 

fraction make the latter a more likely candidate for flatus-

inducer. The use of a mixed colon flora containing organ-

isms capable of fermenting polysaccharides should also be 

considered in future in vitro tests for gas production. Re-

sults of this study indicate that a pure culture of g. per-

fringens may not be appropriate for testing complex polysac-

charides. A bigger volume of gas production might be 

observed in the presence of other organisms capable of 

breaking down the polysaccharides to the form f ermentable by 

g. perfringens. Further studies on flatulence-induction in 

sweet potato should also include in vivo tests with rats, 

and ultimately, tests using human subjects. Information re-

garding the flatus factors in sweet potato could then be ap-

plied to the development of a rapid chemical test for se-

lecting breeding lines with low flatus potential and/or for 

developing cooking and processing methods which reduce the 

flatus potential. 



93 

The high WHC of the insoluble fraction compared to wheat 

bran further confirms the pcssibie presence cf a hydratable 

component, such as a glucan. This would also suggest that 

sweet potato would be able to increase faecal bulk because 

of its high \'l2C. Howe-v·er, S . 1-. d c . (".l.':7t")) tepl.en an ummings = = re-

ported an inverse relationship between WHC and faecal bulk-

ing. 

The si~ple test fer solub~lity has shown that the soluble 

fiber of sweet pc~atc ca~ f8rm a fairly viscous sol~tion and 

still remain in solution. Further studies should include 

viscocity tests to further evaluate its potential as a food 

ingredient. 
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