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(ABSTRACT) 

Soluble and insoluble non-starch polysaccharide (NSP) 

fractions have been isolated from the pulp of ripe banana 

fruit. 

Attempts to determine the composition of the insoluble 

NSP indicated the fraction to be exceptionably complex and 

difficult to analyze. Only about 44% of the dry weight 

could be accounted for as NSP, the protein content was high 

(26%) and about 22% of the dry weight appeared to be a 

complex mixture of phenolic and other unknown components. 

One interesting property of the insoluble NSP was its 

unusually high water-holding capacity. 

The soluble NSP (isolated by extraction from fresh pulp 

with water at 2s 0 c and not dried prior to analysis) 

contained about 48% pectin, 20% hemicellulose, 21% 
' partially hydrolyzable polysaccharides and 11% protein. The 

hemicellulose represented about 0.05% of the banana fresh 

weight or about 0.2% of dry weight. Hydrolysis of the 

hemicellulose and analysis of the resulting sugars via gas 

chromatography revealed the hemicellulose to be made up 



predominantly (84%) of mannose, the remainder being 12% 

arabinose and 4% xylose. After removal of most of the 

pectin via treatment with anion exchange resin, the major 

hemicellulose component was isolated by gel filtration. The 

isolated hemicellulose was a homomannan as demonstrated by 

gas chromatography and high performance liquid 

chromatography of acid hydrolysates. 

The banana homomannan appears to be unique among plant 

mannans. All previously isolated plant homomannans were 

reported to be insoluble in water. Further studies will be 

required to establish the exact structure of the banana 

mannan. The molecular weight (MW) of the mannan in solutio.n 

appears to be exceptionally high, the peak MW being about 5 

million, as determined by gel filtration. 
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INTRODUCTiON 

Bananas originated in South-east Asia and were a 

widespread and important food crop in that area. The 

importance of bananas as a food source varies enormously 

according to country. In Europe, North America, Australia 

and New Zealand they constitute a very minor part of the 

average diet. In other countries, for instance Uganda and 

parts of Tanzania, bananas are a staple food crop, and in 

the tropics generally, both green and ripe bananas are 

consumed on a large scale. Eleven vitamins have been 

recorded and the fruit is a fair source of vitamin A, Bl, B2 

and C (Loesecke, 1950). The carbohydrate present in ripe 

bananas is highly digestible and is well tolerated by people 

suffering from various intestinal disorders. There is 

increasing evidence that the amount and type of complex 

carbohydrate (starch, cellulose, hemicellulose, pectin, 

gums, etc.) in the human diet is important in the aetiology 

of a number of diseases, especially those of the large 

intestine (Royal College of Physicians, 1980). 

There would appear to be no satisfactory explanation of why 

bananas rather than other sugary fruits should be so wel~ 

tolerated. 

While ripening, banana pulp turns softer and softer. 

In addition, NSP fraction from bananas are reported to have 
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a high water-holding capacity of approximately 17 times 

their dry weight (Forsyth, 1980). 

As part of a larger study aimed at better understanding of 

these properties of the banana, the objectives of the 

present study were the following: 

(a) Isolation of the crude soluble and insoluble 

nonstarch polysaccharides. 

(b) Determination of the composition of the isolated 

polysaccharide fractions. 



REVIEW OF LITERATURE 

BANANAS IN INTERNATIONAL TRADE 

Bananas are grown exclusively in the tropics, yet they 

are consumed in practically every country of the world. The 

banana is one of the first foods of man and one of the first 

plants cultivated. Since it has been so long cultivated, it 

is probably impossible to be certain as to its place of 

origin (Loesecke, 1950). For many years bananas were by far 

the most important fresh fruit entering international trade. 

This is no longer true. Since 1972 fresh oranges have 

experienced both a higher world export value, and more rapid 

growth in volume and value than bananas. Nevertheless 

bananas remain amongst the largest commodity exports of 

developing countries as shown in Table 1 (F. A. 0., 1985). 

This table lists all agricultural crops with exports worth 

U. S. $1 billion and over in 1983, in descending order of 

world export value. Bananas rank twelfth in this list. 

Within the category of tropical crops of major export 

interest to developing countries, bananas rank fifth in 

export value, after sugar from developing countries, coffee, 

cocoa and rubber (F. A. 0., 1986). Total world production 

of bananas, as opposed to exports, is extremely difficult to 

J 



Table l· Major agricultural crops entering world trade, 1983 

Commodity 

1. wheat 
2. Coarse Grains 
3. Sugar 
4. Oilseeds 
5. Coffee 
6. Cotton 
7. Tobacco 
8. Rice 
9. Cocoa and cocoa products 

10. Rubber 
11. Citrus fruit 
12. Banana 
13. Tea 

World exports a/ 
U.S. $million 

17 852 
14 248 
10 758 

9 539 
9 211 
6 597 
4 231 
3 618 
3 384 
3 323 
2 332 
1 877 
1 647 

Share (%) from 
Developed Developing 
countries countries 

90.5 9.5 
84.1 15.9 
25.9 74.1 
83.7 16.3 
3.3 96.7 

52.8 47.2 
56.6 43.4 
44.7 55.3 
24.0 76.0 
1.6 98.4 

66.5 33.5 
14.2 85.8 

100.0 

-----------------------------·-------·----------------------------------------
a/ Data refer to world gross exports. 
Source: FAO Commodity Review and Outlook 1984-85, Rome, 1985. 
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estimate, since large quantities are consumed locally in 

tropical Asia. Africa and America, but according to the 

Commonwealth Secretariat, London, world production of 

bananas appears to be around 20 or 25 million long tons. 

The same source estimated that only about 4 million. long 

tons moved through international channels in 1964 (Arthur et 

al., 1968). 

Over the years, the banana consumer in temperate 

climates has become used to, and now expects,' a certain type 

of banana, namely the Cavendish-type or Gros Michel 

"dessert· banana. In spite of disease and other problems, 

the grower is obliged to produce this type of fruit for 

export if he is to remain in business (F. A. 0., 1986). 

COMPOSITION OF BANANAS 

General Composition 

There is considerable disagreement about the 

composition of the banana among the several investigators, 

but this is not unexpected in that fruits of several 

varieties and from different localities were analyzed. In 

addition, the fruit was subjected to different storage 

treatments before ripening, and was ripened in various ways. 

Data on composition of ripe banana pulp are summarized 

in Table 2 (Simmonds, 1982). Broadly, the fruit is mainly 



TABLE ~. 
The composition of ripe banana pulp (percentages of fresh weight) 

---------------------~--------=-------------------:---------------_;..-----------.----~~--

Various clones "Sweet bananas" "Plantains" 
Item 

1 2 3 4 5 6 7 8 9 10 
---------------------------------------------------------------------------------Water 62-78 70 71_;.76 74 75 67-83 66 68 64 65-74 
Reducing sugars 0.4-22 4-11 6-25 19 5-23 
Non-reducing 
sugars i--4 6-16 1-16 0 1-17 

Starch 0.4-7 3-7 1-6 12 2-7 
Total CHO 18-25 21. 20-25 24 23 31 29 31 -. 
Crude fibre 0.5 0.6 0.3-2.1 0.4 0.4 0.3-0.8 
Pectins 0.7-1.1 0.8 
Protein 0.2-2.3 1.3 0.5-1.5 1.3 1.2 0.7-1.6 1.1 1.2 1.2 0.8-1.8 

0.1-2.2 0.2 0.2-0.5 0.4 0.2 0.4-0.7 0.4 0.5 0~3 0.3-0.8 
Ash 0.8-0.9 1.0 0.7-0.8 0.8 0.8 0.8-1.1 0.9 0.9 0.9 0.8-1.2 
Acidity (N.NaOH) - 4.1-4.5. 9.0 
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composed of water and carbohydrate and has almost negligible 

contents of protein and fat. 

One importent component not included in Table 2 are 

tannins. Tannins are commonly recognized by various 

non-specific color reactions and are generally thought to be 

responsible for astringency in the taste of plant products 

(Barnell and Barnell, 1945). They are all phenolic in 

nature and leuco-anthocyanidins may be an important 

component of them; leuco-delphinidin and leuco-cyanidin have 

been identified in the banana fruit. Goldstein and Swain 

(1963) have thrown some light on this problem. The tannins 

are phenolics with molecules large enough (M.W. ca. 500) to 

complex with and precipitate proteins-hence both their 

tanning properties and astringency in the mouth; but, if 

polymerized to very high molecular weights, these properties 

decline and this is probably just what happens in various 

ripening fruits, the banana among them. 

Carbohydrate Changes During Ripening of Harvested Fruit 

The literature on the biochemistry of the banana fruit 

is very extensive. Loesecke (1950) has reviewed the earlier 

work in detail. Palmer (1971) has reviewed the more rece~t 

results. The discussion is limited here to the pulp's 

carbohydrate changes during ripening of harvested fruit. 

The predominant carbohydrate of the green banana is starch 

which is very largely replaced by sucrose, glucose and 
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fructose in the ripe fruit. About 20-25% of the pulp of the 

fresh green fruit is starch. In the week or so from 

initiation to completion of ripening, the starch is almost 

completely hydrolyzed, only 1-2% remaining in the fully ripe 

fruit. Sugars, normally 1-2% in the pulp of green fruits, 

increase to 15-20% in the ripe pulp. Total carbohydrate 

decreases 2-5% during ripening, presumably as sugars are 

utilized in respiration (Palmer, 1971). 

Glucose, sucrose and fructose are the predominant 

sugars, and these three sugars all increased during 

ripening, maintaining nearly constant proportion of 66% 

sucrose, 14% fructose and 20% glucose. Maltose has been 

detected in small amounts (Poland et al., 1938). In 

addition to these four major sugars, analysis of ripe banana 

extracts by paper chromatogram showed three spots located in 

the region lying above fructose and near about rhamnose 

(Lulla and Johar, 1955). 

The hemicelluloses make up 8-10% of the carbohydrates 

of fresh banana pulp in the green fruit, decreasing to about 

1% in the ripe fruit (Barnell, 1940). Barnell suggested 

that the hemicelluloses are labile reserve carbohydrates and 

a potential source of sugars, acids and other respiratory, 

substances during ripening. According to Barnell (1943), 

there are indications of interconversion of starch and 

hemicellulose in the early phases of storage of green fruit. 

In behaviour, however, there is an important difference from 
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starch, for the hemicelluloses disappear whether or not the 

fruit is normally ripened; in fruit kept' in prolonged cool 

storage, starch concentration declines slowly so that a high 

starch content is characteristic of "chilled" fruit until a 

very advanced stage of ripeness. Barnell (1943) suggests 

that hemicellulose may be connected with loss of dry weight 

of the fruit which, it will be remembered, exceeds the loss 

that can be accounted for by respiration. The 

hemicelluloses were isolated by relatively crude 

differential extraction procedures. Further work is needed 

to characterize these fractions and to explore their 

presumed role in softening or as reserve carbohydrates 

(Palmer, 1971). 

Cellulose in the pulp is more or less constant at 

around 1-2% and shows a slight decrease at ripeness. 

Pectins in the pulp increase during ripening but their 

concentration is at all times under 0.5% of fresh weight; 

they are roughly four times more abundant in the skin 

(Simmonds, 1982). 

NON-STARCH POLYSACCHARIDES: STRUCTURE AND FUNCTION; MANNANS 

AS EXAMPLES 

Classification by Structure 

Polysaccharides, ··in general, are different from 

proteins and nucleic acids and indeed from most 
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glycoproteins and glycolipids, in that they contain 

repetitive structural features. These repetitive features 

form the basis for the classification of polysaccharides by 

structure. Apparent structural irregularity in glycan 

chains may result from postpolymerization modifications of 

the types mentioned later. Table 3 lists the major groups 

of homopolysaccharides of mannan, that is, polysaccharides 

made up almost exclusively of a single sugar constituent, 

mannose. The polysaccharides based on a given sugar are 

distinguished on the basis of differences in one or more of 

the following: degree of polymerization, anomeric 

configuration, linkage type, and absence or presence of 

branching. In theory an almost infinite number of 

structures are possible for polysaccharides. In practice, 

however, even for the D-glucans, by far the most abundant 

and widespread group of homoglycans, only a small proportion 

of the possible types of structural organization have been 

isolated from natural sources (Aspinall, 1983). 

Table 4 include heteroglycans of mannan in which mannan 

main chains carry other sugar residues attached as side 

chains. Different heteropolysaccharides may carry different 

side chains attached to similar homoglycan chains, for 

example, arabinoxylans and (4-0-methyl)glucuronoxylans, and 

in some instances, including this example, the parent 

homoglycans devoid of side chains are rarely encountered 

(Aspinall, 1983). 



Linkage 
(types) 

cl-D-Mannans 
1->3 

1->6 

..A-D-Mannans 
1->3 
1->4 
1->4 
1->4 

1->4 

Table 3. Homoglycan of mannan and 
related heteroglycans 

Common name: 
occurrence 

Infrequent in algae 
sulated and 
nonsulfated); several 
related heteroglycans 
in fungi and yeasts 
(other sugar residues 
in side chains) 

Widespread in yeasts 
as cell-surface 
components with 
variable 
immunodeterminants 

Rhodotorula glutinis 
and related yeasts 
Some red algae 
Occasionally in 
higher plants 

Codidum pusillum 
(red alga) 

Linkage 
distribution 

Linear 

Frequently branched, 
most commonly 
6-linked main 
chains with 
2-linked side 
chains, terminated 
by 1->3 link 

Linear, alternating 

Linear 
Linear 

Limited branching, 
sulfated 

Source: Aspinall, 1983 

Related heteroglycans: 
comments 

Xylomannans, 
arabinoxylomannans, 
Glucuronoxylomannans 

Rhamnomannans, 
glucomannans, 
galactorfuranomannans: 
some outer units are 
attached via 
phosphorodiester 
linkages 

Most commonly form 
linear backbones of 
galactomannans 



Main-Chain units 

Glucomannans 
->4)-J-D-Glcp-(l-
->4)-)-D-Manp-(l-

Glucuronornannans 
->4)-~-D-GlcpA-(1-
->2)-~-D-Manp-(l-

Guluronomannuronan 
->4)-B-D-ManpA-(1-
->4)-ot,-D-GulpA-(l-

Table i· Heteroglycan of mannan and 
related polysaccharides 

Common name: 
occurrence 

Common in higher 
plants, 
especially in 
coniferous woods 
and many seeds 

Backbone chains 
of more complex 
glycans of 
exudate gums and 
tobacco cell 
walls 

Alginic,acid: 
brown algae and 
some bacteria 

Distribution 
of units 

Varying 
proportions: 
no obvious 
regulatity 

Alternating 

Variable, G 
blocks, M 
blocks, and 
alternating 
regions 

Related 
polysaccharides of 
greater complexity: 

comments 

Galactoglucomannans: 
may carry 0-acetyl 
substituents 

Arabinoxylo-
glucuronomannans 

-------------------------------~-------------------------------------------------

Source: Aspinall, 1983 
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Until comparatively recently, the knowledge and 

understanding of polysaccharide structure was confined 

essentially tothe nature of the component sugars, and the 

way in which they are linked (the primary structure). Over 

the last decade, however, the importance of higher levels of 

structure in shaping biological and technological function 

has been established (Rees, 1972). At the simplest level of 

understanding, the covalent linkages between adjacent 

residues do not act as 'universal joints', but are normally 

limited to a narrow range of conformational possibilities, 

thus imposing preferred shapes, or secondary structure, on 

the geometry of isolated chains. More particularly, 

favorable noncovalent interactions between chains may give 

rise to compact structures of specific rigid geometry 

(tertiary structure), which may themselves interact to build 

up still higher levels of organization (quaternary 

structure) . 

Functions 

The bulk of the polysaccharides of the plant cell are 

either those, such as starch, which make up the storage 

material of the cell, or those, such as cellulose, 

hemicelluloses and pectins, which make up the structural 

components of the cell wall. In addition there are mucoses, 

gums and slimes which are secreted from plant material by 
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definite organs in response to particular stimuli such as 

wounding (Simmonds, 1982). 

Nearly all these polysaccharides are synthesized in 

conjunction with, membranes of the cell which act as supports 

for the synthetases. The membranes also carry compounds 

which accept the growing, nascent oligosaccharide chains and 

these anchoring compounds may also function as intermediates 

in the transfer mechanism of the glycosyl radical from the 

original donor to the final oligosaccharide chain 

(Northcote, 1979). 

Isolation and Fractionation 

The initial problems are those of isolation without 

degradation; purification so that the polysaccharide is 

obtained free of contaminating materials, e.g., lipids, 

proteins and nucleic acids; and fractionation to give 

substances that are chemically and physically homogeneous to 

within acceptable limits. Degradations of polysaccharides 

by acid and, less frequently, by base are deliberately used 

in determination of structure, and it is obvious that 

inadvertent degradation by these procedures should be kept 

to a minimum. In some cases, however, the very possibili.ty 

of degradation may not be recognized until a vulnerable 

chemical linkage has been identified (Aspinall, 1982). An 

excellent example is provided by early studies on 

glucosaminoglycans such as heparin and chondroitin sulfate 
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which occur naturally as proteoglycans in which the glycan 

is covalently linked to protein through a base-sensitive 

o.:...glycosidic bond. The isolation of "pure" polysaccharide 

involving removal of protein by enzymatic digestion followed 

by extraction with dilute alkali then becomes a 

self-fulfilling prophecy. It may be no simple matter to 

distinguish between macromolecules in which segments are 

joined by chemically sensitive covalent bonds and those in 

which there are strong noncovalent interactions, and thus 

the severity of conditions required for dissociation may 

cause chemical modification so that reassociation does not 

occur readily. 

In some instances, e.g., the capsular polysaccharides 

from bacteria and exudate gums, polysaccharides are readily 

solubi~ized and may often be simply isolated in remarkably 

homogeneous form. In other cases, especially when they 

occur as cell wall components in plants or microorganisms, 

whether as fibrous structural materials or in the associated 

matrix, polysaccharides are present in close association 

with other macromolecules, which are often other 

polysaccharides. With care being takeri to minimize 

inadvertent cleavage of interpolymeric covalent bonds, 

graded extraction is then performed in attempts to render 

macromolecules selectively soluble, at least in less complex 

mixtures from which individual components may be obtained on 

fractionation (Aspinall, 1982). 
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The simplest extraction methods for polysaccharides are 

those using water alone at various temperatures. Some 

polysaccharides may be brought into solution by the use of 

polar nonaqueous solvents. For example, dimethyl sulfoxide, 

alone or containing 10% of water, is used to extract starch 

and glycogen from various sources (Leach and Schoch, 1962). 

N-Methylmorpholine N-oxide is a remarkable solvent for 

certain polysaccharides (Joseleau et al., 1981) including 

cellulose. In the specific instance of pectin isolation, 

sodium hexametaphosphate solvent is preferred since it 

chelates most effectively at pH 4, and conditions likely to 

cause inadvertent base-catalyzed B-elimination from 

esterified galacturonic acid residue are avoided (Stoddart 

et al., 1967). 

Dilute alkali has been used extensively for 

polysaccharide extractions, but there is now a more general 

awareness of the possible structural modifications or 

base-catalyzed degradations that may occur. Variations of 

these methods can be extended to the separation of neutral 

polysaccharides, usually through interactions with complexes 

whose formation requires the presence of suitably disposed 

hydroxyl groups. The most widely used method is the use. of 

alkaline copper reagents, e.g., Fehling solution (Jones and 

Stoodley, 1965), as in the precipitation of various mannans 

(Edwards, 1965), presumably through complexation of the 

cis-2~ and 3-hydroxyl groups. Precipitation methods for 
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polysaccharide fractionation are generally suitable for 

separations of rather larger quantities (1 g and upward) of 

material, whereas chromatographic separations can be carried 

out on milligram amounts. Separations may be based on 

differences in molecular size [gel filtration or molecular 

sieve chromatography (Churms, 1975)]. Mannans (e. g., in 

coffee or yeast) are generally determined by precipitation 

with an alkaline copper solution (Thaler, 1967). The 

mannans are generally in the hemicellulose fraction from 

which they are extracted with alkali. 

Mannan and related heteroglycan 

The best known mannans from land plants are the 

mannans from vegetable ivory nuts (Phytelephas macrocarpa). 

These exceptionally hard nuts, which were formerly used for 

button-making, contain more than 50% of mannans. These 

mannans may be extracted with alkaline reagents and 

separated into two fractions, mannans A and B, giving on 

hydrolysis D-mannose (97.6%), D-galactose (1.8%), and 

D-glucose (0. 8%), and D-mannose ( 98. 3%), D'.""galactose ( 1.1%) 

and D-glucose (0.8%), respectively, which appear to diffe;r 

only in molecular size (Aspinall et al., 1958). A and Bare 

both mixtures of at least two moleC:ular species, terminated 

by D-mannopyranose and D-galactopyranose residues; both 

species are linear, but in addition to the dominant 
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B-1:4-mannopyranosyl linkages, the evidence indicated the 

presence also of some mannose residues linked through Cl and 

C6. The isolation of 2, 3, 6-tri-0-methyl~D-mannose as the 

major cleavage product from the methylated polysaccharide 

indicates the essentially linear character of the 

polysaccharide as shown below. Mannans of this type are 

essentially insoluble in water . 

... 4 B-D-Manp 1-4 B-D-Manp 1-4 B-D-Manp 1 ... 

Ivory nut mannan 

Similar mannans are found in the red alga Porphyra 

umbilicalis and in various species of the green alga Codium. 

The crude polysaccharide of the endosperm of caraway 

(Carum carvi) consists of more than 90% mannose and was 

characterized as a B (1-4)-mannan (Hopf and Kandler, 1977). 

Table 5 shows the balance for the fractionation of the 

fruits to isolate the polysaccharide from the endosperm. 

The crude polysaccharide from the endosperm consists 

primarily of mannose (Table 6), whereas glucose, galactos~ 

and pentoses are only minor components. It resembles the 

crude mannan isolated from the endosperm of date palm 

(Phoenix dactylifera L.), thus indicating that the 

polysaccharide is a mannan. 
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Table ~- Balance of the fractionation of Carum 
carvi fruits for the isolation of the 
reserve polysaccharide from the 

~~-------------------------~----------971009-ory-f ruits 
Material removed by boiling 1% NaOH 

{i.g. fruit and seed coat; embryo) 
Ma2erial extracted with boiling 

H 0 70% EtOH.petrol 
Crude endosperm polysaccharide 
Material removed from the endosperm 
polysaccharide by 7 + 14% NaOH 

Material removed from the endosperm 
polysaccharide by cellulysing and 
macerase 

Endosperm polysaccharide not 
removed by alkali and enzymes 
(mannan) 

Source: Hopf and Kandler, 1977 

67 

17 
16 

1.5 

0.5 

14 



Table [. Monosaccharide composition of polysaccharide preparations from Caraway 
and Phoenix dactylifera (% of total) 

-~------~------------------------------------~-------------~-~-------------~--

Species Source 
Polysaccharide 

preparation Man Gal Glc Ara Xyl 
--------·------------------------------------------------------------------------Caraway Embryo crude· 9.7 16.8 22.4 34.7 16.4 

(car um Fruit and 
carvi seed coat crude 10.5 5.8 41.9 16.1 25.7 

Endosperm crude 90.4 1.2 5.4 1.5 1.5 
soluble in 14% Na OH 61.8 5.9 7.9 1.8 22.7 
insoluble in 14% NaOH 93.8 0.9 4.2 1.1 0.0 
insoluble in 14% NaOH* 
treated with cellulysin 
and macrease 97.1 1.2 1.3 0.4 e.e 

Phoenix 
dactyl if era Endosperm crude 90.2 2.6 6."' 1.2 trace 
----------------~~-----~---------------~----------------------------------------

*The monosaccharides determined in the hydrolysate amounted to 90% of the dry 
weight 0£ the hydrolysed polysaccharide 

Source: Hopf and Kandler, 1977 

(\) 
0 
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The endosperm polysaccharide was separated into a 

fraction soluble in and a fraction insoluble in 14% NaOH 

(Table 6). The alkali-insoluble polysaccharide consists 

almost exclusively of mannose, with small amounts of 

glucose, galactose and arabinose present. After incubation 

with a mixture of cellulysin and macerase, the percentage of 

mannose was further increased up to a value equalling that 

of mannan B from the endosperm of Phytelephas macrocarpa and 

Phoenix dactylifera (Aspinall et al., 1953 and Meier, 1958). 

Yeast mannan, commonly known as "yeast gum" by early 

workers, from the yeast Rhodotorula glutinis (Gorin et al., 

1965) contains linear chains of B-D-mannopyranose residues 

with alternating 1-3' and 1-4' linkage. Yet, the rnannans 

from micro-organisms whose structures have been investigated 

in greatest detail contain a-D-mannopyranose residues, are 

highly branched, and possess 1-2', 1-6' and sometimes 

l-3'linkages. The mannan from bakers' yeast (Saccharomyces 

cerevisiae) is typical of this group of polysaccharides 

(Peat et al., 1961). Enzymic degradation of yeast mannan 

with a soil a-mannosidase liberates side chains and leaves a 

resistant core of 1-6' linked a-D-mannopyranose residues 

(Johns and Ballou, 1968). It follows that the partial 

structure, although not unique, indicates the general 

distribution of linkages in the polysaccharide. 

In contrast to the insoluble ivory nut homomannan, the 

galactomannans, which are commonly encountered in the seeds 
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of leguminous plants, are readily soluble in water and form 

highly viscous solutions. The two main groups of 

galactomannan polysaccharides are those derived from (a) the 

endosperm of plant seeds, the vast majority of which 

originate in the Leguminoseae, and (b) microbial sources, in 

particular, the yeast (Gorin et al., 1965) and other fungi 

(Lloyd, 1970), D-Mannose and D-galactose are also found in 

numerous other plant polysaccharides, for example, 

glucomannans, mannans, and galactans (Smith and Montgomery, 

1959). True galactomannans, as defined by Aspinall (that 

is, those mannans containing more than 5% of D-galactose) 

have also been extracted from members of the Annonaceae, the 

Convolvulaceae, and the Palmae families (Table 7). The 

palmae family also produce gums of the mannan variety that 

frequently contain a low level of galactose; for example, 

ivory nut, date palm, and doumpalm (Dea and Morrison, 1975, 

Table 7). 

A few of the plants that produce a mucilage containing 

galactomannan polysaccharides have been known and cultivated 

for many hundreds, and even thousands, of years. The best 

known example is the locust bean (Coit, 1951) or carob tree 

(Ceratonia siliqua L.). 



Table 7. Galactornannans of Non-leguminous Plants 

Botanical name 
ANNONACEAE 

Annona rnuricata 
CONVOLVULACEAE 

Convolvulus tricolor 
Ipornoca rnuricata 

PALMAE 
Borassoideae 
Borassus flabellifer 

(unripe) 
Palmyra palm nut 

Cocosoideae 
Cocos nucifera 

(unripe) 
Coconut 

Caryotoideae 
Arenga saccharifera 

(unripe) 

Phytelephantoideae 
Phytelephas 

rnacrocarpa A (Ivory 
nut) 

Pbytelephantoideae 
Phytelephas 

rnacrocarpa B (Ivory 
nut) 

Hyphaene thebaica 
(Douro palm) 

Phoenicoideae 
Phoenix dactylifera 

(Date palm). 

D-Mannose to 
D-galactose ratio 

4.46 

1.75 
1.8 

2.4 
2.83 

2.57 
2.0 

2.26 

50.0 

90.0 

19.0 

10.0 

*Fractionation of 
Source: Dea and 

Specific rotation 
at 589 nm (degrees) 

+3.4 (water) 

+44 (water) 

+8.5 (0.1 M NaOH) 

+27 {0.1 M NaOH) 
-85 (0.1 M NaOH) 

+50 (water) 
+35 (0.1 M NaOH) 

-44 (water) 

Specific rotation 
of methyl ether 

(degrees) 

+4.7 (chloroform) 

+41 (chlorof orrn) 
+40 (chloroform) 

+14 (chlorof orrn) 
+25 (chloroform) 

+33.5 (chloroform) 

-38.7 (acetic acid) 

-28.7 (acetic acid) 

-11.8 (chloroform) 
-60 .6 (chloroform} 
-26.l (chloroform) 

permethyl ether 
Morrison, 1975 
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POLYPHENOLICS 

Polyphenolic compounds (tannins) are classified into 

two major classes, hydrolyzed and condensed. The condensed 

polyphenols have been much studied recently for their 

ability to precipitate protein from aqueous solution. Poor 

protein digestibility, caused by complexing of the protein 

with the condensed polyphenols, causes, at least in part, 

growth depression. Isolation work has shown the water 

soluble tannin fraction to be the major growth inhibitor in 

both sorghum (Strumeyer and Malin, 1975) and beans 

(Marquardt et al., 1977). Yet, Bullard (1979) found 

varieties with high tannin content tend to be more disease 

and pest resistant, so they give higher yields. 

Polyphenol content in several fruits (berries, plums, 

bananas) contributed to the astringency before ripening but 

lost most or all of their astringency was lost during 

ripening (Goldstein and Swain, 1963). The bulk of the 

polyphenolics are rendered, by some mechanism, insoluble in 

water and therefore cannot act as tannins, thus, giving 

ripe fruits acceptable palatability and nutritional 

qualities. In general, condensed tannins occur in specia;L 

cells (Ito, 1971) separated from the normal enzymic 

activities of the plant. With the cell membranes destroyed 

by heat and acetic acid, the procyanidins (Quesnel, 1968) 

diffuse through out the cotyledons and immediately render 
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the protein insoluble (Forsyth, 1963). In the ripe banana, 

where the tannin is mainly prodelphinidin, this change to 

almost completely insoluble form has been variously 

attributed to reaction with acetaldehyde (Barnell and 

Barnell, 1954), proteins and polysaccharides (Bate-Smith, 

1954), or autopolymerization (Goldstein and Swain, 1963). 

The insoluble cell wall component "dietary fiber" of 

bananas has been found to have a high water-holding capacity 

(WHC) of approximately 17 times its dry weight. However, it 

is essential to prevent enzymic oxidation of the phenolics 

during extraction. This has been most easily done by 

blending the pulp with a dilute phosphoric acid solution 

yielding a pH about 3.0, which inhibits enzymic oxidation 

and facilitates the filtering and washing of cell wall 

constituents (Foriyth, 1981). 



MATERIALS AND METHODS 

ISOLATION OF NON-STARCH POLYSACCHARIDES 

Ripe bananas (Dole brand, Colombia) were obtained 

through Food Stores of VPI &. SU. The stage of ripening was 

Color Index 5, yellow peel with green tip, as described in 

Loesecke (1950). Banana fingers were peeled, and about 0.5 

cm at each end of the pulp was discarded. The remaining 

central section of pulp was then quartered lengthwise. The 

sections of the pulp containing the aborted seeds were then 

trimmed off and discarded. The polysaccharides were 

isolated from the remaining tissue by extraction with water 

acidified (pH=l.9) with phosphoric acid, as outlined in 

Figure 1. In a few cases, extraction was with 0.5% ascorbic 

acid (pH=2.7). The ascorbic acid acted primarily as a 

reducing agent. 

DETERMINATION OF SUGAR COMPOSITION 

Determination of Total Sugar 

Total sugar in extracts or hydrolysates was determined 

by the phenol-sulfuric acid method (Dubois et al., 1956), 

usually versus glucose standards. In some later runs, after 

we found the soluble polysaccharide to be predominantly 

26 
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Fresh banana pulp tissue (10 g) 
Homogenize 1 min, with 25 ml acidified e2o 
(pH=l.9, phosphoric acid) in Polytron 
(Brinkmann Instruments) at 40% full power 
Final temp about 30°c 
Stir 30 min 
Centrifu e, 1000 x , 25°C, 15 min 

"" Accumulated 
soluble material 
approx. 170 ml 

Dialyze 72 hrs 
(2000 MW cutoff) 
Concentrate to 
12.5 ml on flash 
evaporator (Buchler 
Instrument) 

Soluble polysaccharides 
fraction (WS) 

lFreeze dry 
Dried soluble 
polysaccharides 
(WSD I 0 • 6 5 % FW) 

Residue 
Repeat homogenization, 
stirring and 
centrifugation 
two times 

....... 
Residue 

Homogenize 
with 25 ml 90% dimethyl 
sulfoxide 
Stir 30 min 
Centrifuge, 1000 x g 
Discard supernatant fluid 
Repeat two times 

'Ir 

Residue 

'
Stir 30 min with 
25 ml H2o 
Centrifuge, 1000 x g 
Repeat two times 

,,, 
Residue 

lFreeze dried 

Dried insoluble 
Polysaccharide 
(WI, 6% FW) 

Figure l· Flow sheet for polysaccharide extractions from 
banana pulp with acidified water 
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mannan, determinations of total sugar on the soluble 

polysaccharide were made versus pure mannose as standard. 

Mannose gives a somewhat higher color yield than glucose in 

this assay. 

Briefly, 1 ml of 5% phenol solution (diluted from 88% 

phenol, Fisher Scientific Co.) was mixed well with 1 ml of a 

solution containing 10 to 70 µg standard sugar or sugars to 

be determined, contained in a 15 mm ID x 150 mm test tube. 

Five ml concentrated sulfuric acid was added rapidly, 

directing the acid stream onto the liquid surface to produce 

thorough stirring, and mixing was then completed by 

vortexing for about 3 sec. All tubes were allowed to stand 

10 min after mixing and then placed in water bath at room 

temperature for 10-20 min. The absorbance was measured at 

490 nm on Spectronic 710 Spectrophotometer (Bausch and 

Lomb). 

Determination of Hemicellulose Sugars 

These sugars were determined in acid hydrolysates of 

polysaccharides by gas chromatography (GC) of the 

aldonitrile acetate derivatives, prepared and analyzed as 

described by McGinnis (1982). 

The soluble or insoluble fraction was hydrolyzed by a 

modified procedure of Saeman et al. (1963). A 10 mg sample 

was hydrolyzed with 3 ml of 1 N sulfuric acid in a 

reacti-vial having a vinyl-lined screw cap (Supelco, Inc., 
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Bellefonte, PA). The sealed vial was placed in a heating 

block, and the contents stirred for 4 hours at l00°c. 

Standard solution was prepared from high purity sugars 

(Sigma Chemical Company, St. Louis, MO) which had been dried 

in vacuo for 24 hours at 60°c. Standard solution was 

composed of rhamnose, fructose, and mannose; 0.2 mg/ml of 

each sugar, and arabinose, xylose, glucose, and galactose; 

0.5 _mg/ml of each sugar, all dissolved in lN H2so4 . 

GC derivatizing reagent of hydroxylamine.HCl was 

prepared by dissolving hydroxylamine•HCl(0.5 g) and methyl 

a-D-glucopyranoside internal standard (1 g) in 20 ml of 

N-methylimidazole. To derivatize, 0.2 ml of standard 

solution or sample solution was mixed in a 5 ml reacti-vial 

with 0.4 ml of GC reagent. The vial was sealed with a 

vinyl-lined cap and placed in a heating block for 10 min at 

ao0 c. After cooling to 25°c, acetic anhydride (1 ml) was 

added. After 5 min, chloroform (1 ml) was added and the 

solution was washed twice with 1 ml of water. The aqueous 

fraction was discarded and about 0.4 g of anhydrous sodium 

sulfate was added to the chloroform fraction. 

The derivatized sugars were separated on a model 750 

gas chromatograph (Gow-Mac International Co., Bridgewater, 

NJ) equipped with a flame ionization detector and a model 

3390A integrator (Hewlett Packard). The column was a glass 

column (3.05 m x 3.2 mm ID) packed with 1% diethylene glycol 

adipate on chromosorb WHP (100-120 mesh) (Supelco, Inc., 
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Bellefonte, PA). Aldonitrile acetates were eluted 

isothermally at 200°c with nitrogen as a carrier gas. The 
0 inlet and detector temperatures were 240 C. The flow rate 

of hydrogen was 35 ml/min, nitrogen 35 ml/min and air 300 

ml/min. Each sugar was tentatively identified from its 

retention time, as compared to the retention time for 

standard sugars. The concentrations of sugars in the 

samples were calculated from peak areas relative to the peak 

areas of standard sugars, using the internal standard 

technique. In each case, the determined sugar 

concentrations were multipled by 0.9 to convert to 

polysaccharide concentrations. 

Determination of "Partially Hydrolyzable Polysaccharides" in 

Acid Hydrolysates 

"Partially hydrolyzable polysaccharides" was defined as 

carbohydrate material which dissolves in lN H2 so4 during 4 

hours hydrolysis at l00°c, but which is not measured by the 

GC method discribed above, because the GC method measures 

only monosaccharides. 

The phenol-H2 so4 method (Dubois et al., 1956) was used 

for determination of total sugar content of hydrolysates., 

So, "partially hydrolyzable polysaccharides" is calculated 

as total sugars in hydrolysates (phenol sulfuric assay) 

minus total sugars determined in the same hydrolysate by GC. 
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Determination of Free Sugar In Soluble Fraction 

Free sugars (primarily mono- and disaccharides) in the 

soluble fraction were determined by high performance liquid 

chromatography (HPLC). Sucrose, glucose, fructose, and 

mannose were dried at 60°c in 26 inches vacuo for 15 hours. 

Solutions containing 4 mg/ml each sugar were prepared as 

standards. 

Sugars in 10 to 40 µl aliquots of samples were 

separated by a model ALC/GPC 501 chromatograph equipped with 

two model 6000A pumps, a model 440 absorbance detector and a 

model U6K injection system (Water Associates, Milford, MA). 

The separation column was a RCM-BR Monosaccharide column 

~Phenomenex Corp. Rancho Palos Verdes, CA), equipped with an 

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

F423 circulating water bath (Bakke, Saddlebrook, N.J.). 

Flowrate was 0.4 ml/min. The chromatograms were recorded on 

a Series 5000 Recorder (Fisher Scientific Co.). 

Detection was by a post column reactor (Palmer, J. K., 

unpublished) in which the emerging sugars were reacted with 

sodium bicinchoninate reagent (Sinner and Puls, 1978) at 

90°c and the absorbance monitored at 546 nm. About 10 ng of 

reducing sugar can be detected and 50 ng readily quantified 

using this detector. The sugars were tentatively identified 

from HPLC retention times relative to standards. Sugars 

were quantified from peak areas relative to the peak areas 

of the standards, using the external standard technique. 
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DETERMINATION OF PECTIN 

Pectin (calculated as anhydrouronic acid) in the 

soluble or insoluble fraction was measured by the method of 

Scott (1979). The reagent solution was prepared by 

dissolving 3,5-dimethyl phenol (0.1 g) in 100 ml glacial 

acetic acid. The sample (5 mg) was stirred (magnetic stir 

bar) with 2 ml of chilled, concentrated sulfuric acid in an 

ice water bath for 1 hour. Then, 0.5 ml of water was added 

dropwise. After 5 min, another 0.5 ml of water was added 

dropwise and the mixture allowed to stir until dissolution 

was complete. The dissolved sample was transferred 

quantitatively to a 10 ml volumetric flask and made up to 

volume. 

For developing a standard curve, 20µ1, 40µ1, 60µ1, 80µ1 

aliquots of 0.2 mg/ml galacturonic acid was mixed with H2o 

to make up 125 µl, the total volume in each test tube. With 

unknown sample, 125µ was usually analyzed. Sodium chloride 

(2%, 125µ1) and concentrated sulfuric acid (2.0 ml) were 

added, the mixture vortexed well and heated in a 70°c water 

bath for 5 min, then cooled in tap water. Dimethyl phenol 

reagent (0.1 gm 3,5 dimethyl phenol in 100 ml glacial acetic 

acid, 0.1 ml) was added, the mixture vortexed, and the tubes 

allowed to stand for 20 min. A Spectronic 710 

Spectrophotometer (Bausch and Lomb) was used to read the 

absorbance at 400 nm and 450 nm. The absorbance at 450 nm 
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minus that at 400 nm is the absorbance resulting from uronic 

acid, and can be used to calculate the pectin (anhydrouronic 

acid) content. 

DETERMINATION OF CELLULOSE 

Cellulose content of soluble and insoluble fractions 

was determined by the method of Updegraff (1969). The 

standard curve was prepared from 0.1 mg/ml glucose and 

powdered cellulose (BW-40, Brown Co-Berlin N. H.) was used 

as control. 

Acetic/nitric acid reagent was prepared by mixing 150 

ml glacial acetic acid and 15 ml concentrated nitric acid. 

The anthrone reagent, containing 0.2 g anthrone in 100 ml 

concentrated H2 so4 , was prepared fresh daily, and chilled 

about 2 hours in refrigerator prior to use. 

Twenty mg of sample was mixed with 3 ml of 

acetic/nitric reagent, 1 ml at a time, vortexing between 

each addition. Tubes containing the mixture were heated .in a 

boiling water bath for 30 min, with marbles on top of the 

tubes to reduce evaporation and create a refluxing action. 

After cooling, the tubes were centrifuged at 400 x g for 5 

min, and the supernatant discarded. The residue was washed 

twice with 10 ml H2o, centrifuging and discarding 

supernatant fluid after each wash. Ten ml of 67% H2 so4 

(v/v) was then added and the mixture was held at room 
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temperature for 1 hour. A l ml aliquot of the mixture was 

diluted to 100 ml with water. 

Aliquots of this diluted solution or standards 

containing up to 40 µg cellulose were cooled in an ice bath 

and 10 ml of cold anthrone reagent were added. The mixture 

was vortexed. The mixture was then heated in a boiling 

water bath for 16 min, with marbles on top of tubes to 

minimize loss by evaporation. The mixture was cooled in an 

ice bath for 3 min and then held at room temperature 5 to 10 

min before measuring absorbance at 620 nm. When using 

glucose as standard, the µg of glucose derived from 

cellulose in the samples must be multipled by 0.9 to obtain 

µg of cellulose. In each set of determinations, one sample 

of pure cellulose was analyzed and the results on samples 

corrected for recovery of the pure cellulose. 

DETERMINATION OF STARCH 

Starch was assayed by colorimetric measurement of the 

reducing sugar produced when gelatinized starch was treated 

with amyloglucosidase (Thivend, et al., 1972). 

The reducing sugar reagent (McFeeters, 1980) was 

prepared just before use by mixing equal volumes of 

solutions A and B. Solution A was prepared by dissolving 1 

g of Cuso4 .sH2o and 3.7 g Aspartic acid in 1 liter of water. 

Solution B was prepared by dissolving 38.0 g Na2co3 .lOH2o 
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and 2.0 g of 2,2'-Bicinchoninate sodium salt in 1 liter of 

water. 

For the assay, 10 mg samples of unknown or of pure 

cornstarch were weighed into 25 ml volumetric flasks. Two 

ml of water and 2 ml of 0.05 M citrate buffer (pH=5.0) were 

added, and the mixture was heated in a boiling water bath 

for 10 minutes to gelatinize the starch. After cooling, 

0.25 ml of Amyloglucosidase was added and the mixtures were 

incubated at room temperature for 4 hours. The enzyme used 

was a sample (diluted 20 fold with citrate buffer pH 5.0) of 

Amyloglucosidase from Aspergillus, obtained from Sigma 

Chemical Co. The 0.25 ml of enzyme contained 17.5 unit, 

where one unit will liberate 1.0 g of glucose from starch in 

3 min in acetate buffer (pH 4.5) at 55°c. Following 

incubation, the volume of incubation mixture was made to 25 

ml with water. Aliquots containing up to 7.5 µg reducing 

sugar were assayed, using the method of McFeeters (1980). 

To 1 ml of sample, 2.0 ml of bicinchoninate reagent was 

added, the mixture vortexed, boiled for 5 min, and cooled in 

tap water. The absorbance was measured at 550 nm against a 

standard curve prepared with 0.01 mg/ml glucose. 

Since the samples analyzed often contained free gluc9se 

or other reducing sugars, it was necessary to analyze 

control samples to correct for these free sugars. Control 



36 

samples (10 mg) were carried through the same procedure, 

except that 0.25 ml of citrate buffer, pH 5.0 was 

substituted for 0.25 ml of amyloglucosidase solution. The 

reducing sugar content of control·· sample was substracted 

from the reducing sugar content of enzyme treated samples, 

to obtain the reducing sugar (glucose) derived from starch. 

Samples of pure cornstarch were analyzed in each set of 

assays. The recovery of cornstarch was measured (usually 

90-97%) and the starch values of the unknown samples were 

corrected for this recovery. 

DETERMINATION OF PROTEIN 

Total nitrogen was determined by a modification of the 

Micro-Kjeldahl procedure (Robinson, 1956). A 10 mg sample 

of insoluble fraction was digested with 2 ml of concentrated 

sulfuric acid, with 0.16 g of potassium sulfate plus 0.01 g 

of copper sulfate as catalysts. After the mixture turned 

clear, it was heated for 30 min more. After cooling, 25 ml 

of water was added, the digestion mixture mixed well, and 

again cooled. Five ml of 50% NaOH was added, then the flask 

was attached to a Micro distillation apparatus (Scandrett, 

1953), and the resulting ammonia was steam distilled for a 

total of 8 min into 20 ml of O.OlN hydrochloric acid 

containing 4 drops of Tashiro indicator. The excess 

hydrochloric acid was titrated with 0.1 N sodium hydroxide 
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to the pink endpoint of the indicator. Protein was 

calculated as 6.25 times nitrogen. Twenty mg of glycine 

was also analyzed as a control, and all protein values 

corrected for recovery of nitrogen from the glycine control. 

GEL FILTRATION 

The approximate molecular weights of the components of 

the soluble fraction were determined by gel filtration, 

eluting the components from a 60 cm TSK CMPW column 

(Phenomenex, Rancho Palos Verdes, CA) with water at 25°C and 

flow rates of O. 7 to 1. 5 ml/min. A model 6000 pump and a 

model 410 refractive index detector (Waters Associates, 

Milford, MA), and a model 7125 injector (Rheodyne, Berkeley, 

CA) were utilized in the gel filtration. 

The TSK column was calibrated with high purity dextrans 

{molecular weights of 500,000, 70,000 40,000, 10,000), 

laminarin(MW about 6000), and glucose. Dextrans were 

obtained from Pharmacia Fine Chemicals (Uppsala, Sweden), 

Laminarin (L. digitata) was provided by V-Labs, Inc. 

(Covington, LA). All standards were prepared at 4 mg/ml in 

water. 

Plots of retention time against log molecular weight 

yielded a linear calibration curve over the molecular weight 

range 100 to 10 million. The molecular weights of the 

sample components were estimated relative to this standard 
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curve. Gel filtration was also utilized to collect samples 

of the separated components, to be used for further 

compositional analysis, e.g. sugar analysis and uronic acid 

analysis. 

DETERMINATION OF MOISTURE 

The moisture content of insoluble fraction was 

determined by Karl Fischer method. Cornstarch of known H2o 
content was analyzed as a control, and 100 mg samples were 

weighed into 50.0 ml glass Pyrex centrifuge tubes. N,N 

dimethyl formamide (20ml) was added, the tube capped and the 

contents mixed well by vortexing. Tubes containing the 

mixture were heated in a 90°c oven for 60 min, vortexed for 

10 min and cooled. Before assay via Karl Fischer,all 

samples were centrifuged at 100 x g for 5 min to get a 

clear, light yellow solution. 

DETERMINATION OF ASH 

Samples of selected soluble and insoluble NSP fractions 

were ashed at 600°c in a Thermolyne (Dubuque, Iowa) Type 

1300 muffle furnace overnight for 15 hours. All samples 

were cooled to room temperature in a dessicator and the 

residue weighed as ash. 
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DETERMINATION OF WATER-HOLDING CAPACITY (WHC) 

Water-holding capacity of the insoluble NSP fraction of 

bananas was measured by a centrifugation method (Robertson 

and Eastwood, 1980). Breifly, 0.5 g samples were soaked in 

25 ml distilled water for 24 hours. After centrifuging at 

6000 x g for 15 min, the excess water was poured off. The 

tubes were then inverted and water allowed to drain off for 

1 hour. The tubes containing the wet fiber samples were 

weighed. The contents were freeze-dried and the tube plus 

contents weighed to determine the dry weight of the fiber. 

The WHC was calculated as gm H2o / gm dry fiber. The WHC o.f 

AACC soft white wheat bran was determined as a control. 



RESULTS AND DISCUSSION 

PRELIMINARY STUDIES ON THE ISOLATION AND COMPOSITION OF THE 

NON-STARCH POLYSACCHARIDES (NSP) OF BANANA FRUIT 

It is likely that the polysaccharide components of the 

banana fruit play a key role in determining the softness of 

the fruit and the polysaccharides are probably also 

responsible for the remarkable water holding properties of 

the banana fruit. 

The present study is part of a larger study aimed at 

characterizing the polysaccharides of the banana fruit and 

determining the role.of the polysaccharides. 

The great variety of methods available (see literature 

review) for extraction of NSP (often equated with "cell 

walls" or more recently "dietary fiber") makes it difficult 

to select a particular method as being a sup•rior or "best" 

method. For example, "soluble" cari mean soluble at room 

temperature or at temperatures up to ioo0 c., with or without 

the ~ddition of solublizing agents su.ch as acids, chelating 

agents, enzymes, etc. There is also the question of the 

general applicablity of a method, so that some methods are 

recommended for high starch foods, seine for low starch 

foods, etc. Finally, there is the question of the effects 

40 
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of alcohol precipitation and/or drying on the properties of 

the isolated fractions. 

Forsyth (1981) had reported preliminary studies in 

which the insoluble residue after extraction of banana pulp 

with acidified water (pH ca 3 to inhibit enzymatic browing) 

had an exceptionally high water holding capacity of 17 gm 

water per gm dry fiber. Since the water holding capacity 

was of central interest to us, preliminary studies were 

carried out utilizing the Forsyth method, which yields two 

fractions, one soluble in acidified water at 2s 0 c and the 

residual insoluble fraction. 

We also did some preliminary experiments on extractio:q. 

with hot water (60°c), in attempts to increase the yield of 

soluble hemicellulose. We found starch to be the only 

polysaccharide component which increased appreciably in·the 

soluble fraction when the temperature was increased to 60°C. 

The presence of starch in this fraction greatly complicated 

subsequent procedures and analyses, so we finally decided to 

focus our initial studies on the fraction extracted from 

fresh pulp with acidified water at 2s0 c. 

The extraction procedure is outlined in Figure 1. 

Briefly, the soluble polysaccharides were extracted from 

bananas with acidified water (pH 1.9 with phosphoric acid) 

at 2s0 c to achieve so1ubilization with minimum cleavage of 

interpolY-meric covalent bonds. Cold water (25°C) was used 

so as to solubilize only nonstarch polysaccharide; while 
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phosphoric acid was used only to prevent the browning of 

banana tissue during the extraction. After the initial 

extractions with acidified water, any starch was removed by 

homogenizing with dimethyl sulfoxide. Then the residue was 

thoroughly washed with water, the pH of the mixture was then 

about 4.8. The final washed residue was then freezed dried. 

The combined aqueous supernatants containing the soluble 

fraction from 10 gm fresh weight were reduced to a volume of 

12.5 ml under reduced pressure with flash-evaporator 

(Buchler instruments, Fort Lee, NJ) to yield a suitable 

concentration for analyses. The bath temperature of the 

evaporator was 6S 0 c and vacuum was maintained with a water 

aspirator. 

From previous analyses, we knew the fresh ripe banana 

pulp would contain 16-20% soluble sugars, 1-4% starch and 

about 75% moisture, plus traces of protein, lipid and salts. 

Starch was removed from the insoluble fraction by extraction 

with dimethyl sulfoxide containing 10% of water. The residue 

after extraction represents water insoluble non-starch 

polysaccharides, which will be abbreviated as WI. WI 

fraction represented about 6% of the fresh weight of banana 

pulp and the soluble fraction after drying (WSD) 0.65% 

(Figure 1). 
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COMPOSITION OF INSOLUBLE NSP FRACTION lJ:il_l 

Table 8 summarize the composition of the insoluble 

fraction (WI). About 44% of the dry weight was identifiable 

carbohydrate, including about 5% "partially hydrolyzable 

polysaccharide" (PHP) and about 4% residual starch. The 

protein content was surprisingly high at 26% considering 

that fresh banana tissue contains only about 1% protein. 

The analyzed materials accounted for only 71% of the dry 

weight. 

The component ''partially hydrolyzable polysaccharide" 

(PHP) needs clarification. The hemicellulose content is 

calculated by adding up the content of the anhydro sugars 

which normally occur in hemicelluloes. The sugars are 

released from the hemicellulose by treatment of the NSP 
0 fractions with 1 N H2 so4 for 4 hours at 100 C. Cellulose is 

not hydrolyzed during this procedure. The released sugars 

are determined by GC as the aldononitrile acetate 

derivatives. As a check on the content of sugars in the 

hydrolysate, (especially when the yield of hemicellulose 

sugars seemed low) we have sometimes analyzed the 

hydro1ysates for the total sugars, utilizing the 

phenol-H2 so4 assay (Dubois et al., 1956). This assay is 

reported to completely hydrolyze oligomeric or polymeric 

carbohydrates and then to form a colored reaction product 

with the released sugars. In virtually all the hydrolysates 
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Table §.. Composition of banana water 
insoluble fraction (WI) - % 
dry weight 

Component 

Ash 
Hemicellulose 
PHPa 
Pectin 
Cellulose 
Starch 
Protein b 
Red residue 

Total: 

% 
dry weight 

1. 0 
9.5 
4.8 

11.2 
14.9 
3.6 

26.2 
22.0 
93.0 

a "Partially Hydrolyzable Polysaccharides" 
calculated as total sugars (phenol-sulfuric 
assay) in hydrolysate minus sugars 
determined in same hydrolysate by GC. 

b This residue appeared and persisted during 
acid hydrolysis of WI. See text, page 43. 
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which we have analyzed, the total sugar analysis 

(phenol-H2 so4 ) indicated a significantly higher content of 

total sugars in the hydrolysate, as compared to total 

hemicellulose sugar estimated by GC determination. This 

means that a significant proportion (usually 10-20%) of the 

hemicellulose components are not hydrolyzed completely 

during the standard (4 hrs, 100°c) hydrolysis procedure. A 

longer hydrolysis time (up to 8 hrs) did not significantly 

increase the sugar yield as measured by GC analysis. We 

interpret these results to mean that some hemicellulosic 

components are only partially hydrolyzed, the hydrolysis 

proceeding to the point where the hemicellulose fragments go 

into solution in the 1 N H2 so4 • but never proceeding to the 

point of complete hydrolysis to monosaccharides. Our GC 

analysis measures only monosaccharides; thus the 

unhydrolyzed fragments go undetected via GC, but are 

measured by the phenol-sulfuric assay. In Discussions and 

Tables, the term "partially hydrolyzable polysaccharide" or 

PHP polysaccharide fragments" refers to these partially 

hydrolyzable hemicellulosic components. 

At the completion of hydrolysis of 10 mg of sample with 

1 N H2 so4 (the procedure used to release the hemicellulos~ 

sugars), we noticed the presence of an exceptionably large 

quantity of insoluble red residue. With insoluble 

polysaccharide from tissues other than bananas (e.g. sweet 

potato, winged beans), the residue after hydrolysis is 
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usually colorless and relatively small, and the weight of 

the residue after drying is approximately equal to the 

cellulose content of the sample (determined independently). 

When the red residue from hydrolyses of banana fraction WI 

was dried and weighed, it represented some 22% of the dry 

weight of fraction WI, after correction for cellulose 

content. When the content of this residue was added to the 

other analyzed components, the recovery of dry matter was 

93%. It is well known (Forsyth, 1981) that banana tissue 

contains a relatively high content o.f prodelphinidin which 

treated with acid yields a red delphinidin. Thus, the red 

residue after hydrolysis of the insoluble NSP fraction of 

banana pulp (Fraction WI) is probably a complex of 

cellulose, delphinidin, and possibly other materials (other 

polysaccharides, proteins, metals?). 

From these analyses, it was clear that the insoluble 

NSP fraction of ripe bananas is unusually complex and will 

require a whole new approach for its characterization. 

Based on these preliminary studies the decision was made to 

concentrate in the present study on the fraction soluble in 

water at 2s0 c (WS, Figure 1). 

However, some additional pertinent data were obtaine~ 

on the insoluble fraction. The composition of the 

hemicelluloses is show in Table 9. We also determined the 

water-holding capacity (WHC) of several preparations of 

fraction WI, since Forsyth had indicated that.the WHC of 
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Table ~- Composition of hemicellulose of 
insoluble NSP, determined by GC 
analyses of an acid hydrolysate 

Sugar 

Fucose 
Arabinose 
Xylose 
Mannose 
Ga lactose 

Total 

Percent of 
Insoluble NS 

0.3 
2.3 
2.2 
1.0 
3.7 
9.5 

Percent of 
Hemicellulose 

3.2 
24.2 
23.2 
10.5 
38.9 

100.0 
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insoluble polysaccharide fractions from bananas could be as 

high as 17 gm H2o per gm dry weight, an exceptionally high 

value. The WHC of our samples was 11. 9 ± 1.8 (n=6), with a 

range of 10.0 to 14.6. This WHC is much higher than the 

6.33 + 0.49 WHC of the control AACC soft white wheat bran. 

COMPOSITION OF THE SOLUBLE NSP FRACTION ~ 

Fraction WS (undried soluble NSP, Figure 1) was 

analyzed for the various polysaccharide components aI).d for 

protein. Typical analyses (Table 10) showed the fraction to 

be.made up predominantly of hemicellulose and pectin. The 

fracti.on was essentially free of starch and cellulose, but 

did contain a significant quantity of protein, and of 

"partially hydrolyzable polysaccharides" (PHP). Analyses on 

the freeze-dried soluble fractions (Fraction WSD, Figure 1) 

yielded somewhat different results, the PHP component 

generally being 2 to 3 times higher and the hemicellµlose 

sugars significantly lower. This was interpreted to mean 

that drying results in some aggregation or complex 

formation, so that hydrolysis of the hemicelluloses (prior 

to GC analysis) becomes more difficult and more of the 

hemicelluloses are analyzed as PHP. Because of this 

evidence for artefact formation during drying, data on the 

non~dried fractions (Table 10) were considered to give a 

truer picture of the original composition of the soluble 
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Table 10. Composition of banana water 
soluble NSPa (WS) 

Component 

b Hemicellulose 
PHPc 
Pectin 
Cellulose 
Starch 
Protein 

Total 

Percent of Soluble Solid 

32.7 
8.0 

18.2 
0.2 
0.0 
4.4 

63.5 

a Undried sample, fraction WS, Figure 1. 
b Calculated as anhydropolymer from GC 

analysis of the sugar components. 
c "Partially Hydrolyzabe Polysaccharides" 

calculated as total sugars (phenol-sulfuric 
assay) in hydrolysate minus sugars 
determined in same hydrolysate by GC. 
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NSP. However, the analyses accounted for only about 63% of 

the soluble solids in the fraction. 

The hemicellulose ih Table 10 is the sum of anhydro 

sugar content as determined via GC after acid hydrolysis. 

The actual sugar composition of the hemicellulose (as 

anhydro sugars) is shown in Table 11. The data in Table 11 

would indicate glucose to be the major hemicellulose 

component. 

Since the final step in preparation of fraction WS was 

extensive (72 hours) dialysis, we assumed that this fraction 

would be essentially free of sugars and other low molecular 

weight components. However, HPLC analysis of fraction WS 

revealed the presence of sucrose, glucose, and fructose 

(Figure 2). These three sugars were calculated from the 

HPLC analyses to represent about 60% of the soluble solids 

in fraction WS (Table 12). 

Based on these HPLC analyses, we would expect to find 

about 31% glucose via GC analysis of an acid hydrolysate of 

fraction WS. Of this total glucose, 14% would be derived by 

hydrolysis of sucrose and 17% would represent the free 

glucose in the sample. Fructose, free or derived from 

sucrose, was not measured in the GC procedure which we 

employed. Actually, GC analysis yielded 25.2% glucose 

(Table 11) or about 81% of the expected amount. The reasons 

for this low recovery are not clear, but it is clear that 

the glucose measured by GC (Table 11) must have been derived 
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Table 11. Composition of hemicellulose of 
soluble NSP, determined by GC 
analysis of an acid hydrolysate 

Sugar 

Fucose 
Arabinose 
Xylose 
Mannose 
Glucose 
Ga lactose 

Total 

Percent of 
Soluble Solid 

0.0 
0.9 
0.3 
6.3 

25.2 
0.0 

32.7 

Percent of 
Hemicellulose 

0.0 
3.0 
1. 0 

19.3 
77.1 
0.0 

100.4 
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Table 12. Composition of free sugars in 
the soluble NSP fraction WS 

Percent of 
Sugar Soluble solida 

Sucrose 
Glucose 
Frucose 

Total 

28.0 
17.1 
13.9 
59.0 

a Analyzed sample contained 5.2 mg/ml 
soluble solids. 
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from the free sugars and not from hemicellulose. Table 13 

shows the composition of the soluble fraction, recalculated 

on the basis of the data obtained in the GC and HPLC 

analyses. The data of Table 13 confirm pectin and 

hemicellulose to be the major NSP of the soluble fraction. 

There are also substantial "partially hydrolyzable 

polysaccharides" but these are assumed to be artefacts 

arising from the hydrolysis procedures. Note that the 

recovery of soluble solids now approaches 100%. 

Table 14 shows the composition of the polymeric 

components of the water soluble NSP, calculated as percent 

of total. Pectin makes up nearly 50% of the total, with 

hemicellulose and "partially hydrolyzable polysaccharides" 

about 20% each, the remainder being protein and a trace of 

cellulose. Table 15 shows the recalculated composition of 

the hemicellulose, based on the GC and HPLC analyses. The 

data of Table 15 indicate mannose to be the major component 

of the hemicelluloses, making up about 84%. 

SEPARATION BY GEL FILTRATION 

The undried soluble NSP fraction (WS, Figure 1) was 

then analyzed by gel filtration (GF) to estimate the 

molecular weight (MW) of the polysaccharides and to see if 

discrete polysaccharides could by isolated by GF. 
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Table 13. Composition of banana water soluble NSP 
fraction, recalculated to include both 
polymeric and free sugar compounds 

Component Percent of Soluble Solid 

Hem~cellulosea 
PHP 
Pectin 
Cellulose 
Starch 
Protein 
Free Sugars 

Total 

7.5 
8.0 

18.2 
0.2 
0.0 
4.4 

59.0 
97.3 

a Calculated as anhydropolymer from GC analysis 
of sugar components and corrected for 
concentration of glucose from free sugars. 

b "Partially Hydrolyzable Polysaccharides" 
calculated as total sugars (phenol-sulfuric 
assay) in hydrolysate minus sugars 
determined in same hydrolysate by GC. 
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Table 14. Polysaccharides and proteins in NSP 
fraction WS 

Conponent 

Hemicellulose 
PHPa 
Pectin 
Cellulose 
Protein 

Total 

Percent of Total 

19.6 
20.9 
47.5 
0.5 

11.5 
100.0 

a "Partially Hydrolyzable Polysaccharides" 
calculated as total sugars (phenol-sulfuric 
assay) in hydrolysate minus sugars 
determined in same hydrolysate by GC. 
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Table 15. Composition of the hemicellulose of 
soluble NSP, determined by GC and 
corrected for the presence of glucose 
derived from free sugars 

Sugar 

Fucose 
Arabi nose 
Xylose 
Mannose 
Glucose 

Total 

Percent of 
Soluble Solid 

0.0 
0.9 
0.3 
6.3 
0.0 
7.5 

Percent of 
Hemicellulose 

0.0 
12.0 
4.0 

84.0 
0.0 

100.0 
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Eluting with water from TSK GMPW gel at 1.5 ml/min, all 

major components were eluted in four peaks (Figure 3). The 

GF profiles were broad and did not come to baseline between 

the peaks, indicating a considerable spread in molecular 

weights. 

The retention time of the first peak indicated 

exclusion of this component. This suggested that t!"1e eluted 

compound had ionizable groups, which caused the 

polysaccharide(s) to be excluded from the gel pores by 

electrostatic repulsion. In addition, a solution of citrus 

pectin eluted under the same conditions yielded a peak 

similar to peak 1 in Figure 3. These results strongly 

suggest that pectin is responsible for the first peak. The 

components responsible for peaks 2 and 3 have a high MW, 

based on dextran standards, and were presumed to be 

hemicelluloses. Based on its retention time and the large 

peak area, peak 4 must arise from the free sugars, 

previously determined to be present by HPLC analysis (Figure 

2 ) . 

In the zone between peaks 3 and 4, there were usually 

one or two ill-defined or "shoulder" peaks. The number and 

shape of these peaks varied from sample to sample and 

injection to injection. No attempt was made to collect or 

identify the components responsible for these small random 

peaks. 



:....i 
0 
.µ 
u 
IJ.I 
.µ 
<LI 
0 Molecular weight 

based on dextran 
standard 

5 

1 

59 

5 million 
500,000 

40,000 

i i r·r 
3 

10 15 

4 n 

Retention Time (Min) 

Figure J. Gel filtration chromatogram of WS on TSK column 
Arrows indicate retention times of selected 
dextran standards. Exclusion limits of GF column 
was about MW 100 to MW 5 million 



60 

The tentative identification of peak 1 as pectin and 

peaks 2 and 3 as hemicelluloses were tested by collecting 

samples during elution from the GF column and analyzing the 

collected samples for uronic acid by the method of Scott 

(1979) and for total sugars by the phenol-sulfuric acid 

method (Dubois et al., 1956). The flow rate was reduced to 

0.7 ml/min to facilitate collection. At the lower flow 

rate, peaks 1 and 2 of Figure 3 each separated into 2 poorly 

resolved peaks, peaks lA, lB and 2A, 2B respectively (Figure 

4). Fractions for analysis were collected every 30 seconds, 

during the time when peaks lA through 3 were being eluted. 

The analyses on the collected fractions (Figure 4) 

showed uronic acid (pectin) to be the major component in 

peaks lA and lB. Plots of the data for total sugars yielded 

an elution profile similar to the profile for peaks 2A and 

2B. These results are consistent with hemicelluloses being 

responsible for peaks 2A and 2B. Samples collected during 

elution of peak 3 contained no sugars or uronic acids. The 

odd shape of peak 3 (sharp drop on trailng edge) suggested 

the presence of a charged component of low MW. Phosphoric 

acid (present in the original extraction medium) was tested 

as the most likely candidate. Phosphoric acid yielded a , 

peak with a retention time and peak shape virtually 

identical to those shown as peak 3 on Figures 3 and 4, when 

chromatographed under the same conditions. 
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Relative to dextran standards, the molecular weight of 

the compounds responsible for peak 4 is about 200, 

consistent with a mixture of mono- and disaccharides. No 

direct identifying tests were applied to peak 4, but when a 

sample of the extract was dialyzed (2000 MW cutoff) an 

additional 72 hours (144 hours total), peak 4 was greatly 

reduced in size. Peak 4 was not detected in samples 

dialyzed for 216 hours. The phosphate peak also disappeared 

after 144 hours dialysis, while peaks lA to 2B were not 

changed apprecially. These dialysis experiments confirm the 

low MW of the components responsible for peaks 3 and 4. 

It is not clear why the low MW components did not 

dialyze out of the extracts. This failure to dialyze out 

could possibly indicate interaction between the low and high 

MW components to form aggregates. Such interaction could be 

important in determining the softening and WHC of the intact 

banana fruit. 

The apparent MW of the hemicelluloses (Figure 3), 

measured from the GF separation, seems exceptionally high, 

again suggesting interaction and aggregation of the 

polysaccharide components. 

COLLECTION AND SUGAR COMPOSITION OF HEMICELLULOSES 

Figure 3 and 4 show some overlap of the uronic and 

hemicellulose peaks. In order to remove this potential 
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interference (during separations designed to isolate 

hemicellulose) the extract was treated with QMA resin, a 

weak anion exchanger. Figure 5 is a chromatogram of a 

resin-treated sample and shows that the uronic acid peak lA 

was greatly reduced, and peak lB was lost. The next step 

was to collect the hemicelluloses responsible for peaks 2A 

and 2B (Figure 4). 

The hemicelluloses responsible for peaks 2A and 2B of 

Figure 4 were collected from the depectinized extract as 

indicated in Figure 5. The collected sample was evaporated 

to dryness under nitrogen and then subjected to acid 

hydrolysis (0.5 ml 1 N H2 so4 ; 4 hours). The resulting 

sugars were analyzed by GC of the aldononitrile acetate 

derivatives (Figure 6). The separated sugars were 

tentatively identified from the retention time relative to 

standard sugars. 

The GC analysis (Figure 6) indicated mannose to be the 

only sugar present in significant quantities. In fact, it 

was the only sugar detected with the exception of trace 

amounts of a sugar tentatively identified as xylose. Thus, 

the soluble hemicellulose fraction must be a mannan. From 

the GC analyses we calculated the weight of rnannan per ml.of 

soluble fraction WS. This came to 1.17 mg/ml. The mg/ml 

mannan was also calculated from the area of the 

hemicellulose peaks on gel filtration, relative to the area 

of the 4 mg/ml solutions of standard dextrans used to 
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calibrate the gel filtration column. These calculations 

yielded a value of 1.20 mg/ml. The close agreement between 

the two methods indicates that the hemicellulose fraction 

collected (Figure 5) was made up entirely of mannan. 

HPLC was used to get further proof of identity and to 

obtain an additional estimate of the mg mannan per ml 

soluble extract. Samples of the acid hydrolysate of the 

hemicellulose fraction, collected as in Figure 5 and 

essentially identical to those used for GC analysis, were 

deionized and then analyzed via HPLC (Figure 7). The major 

peak had a retention time and peak shape essentially 

identical to standard mannose (all peaks from standards and 

samples showed some tendency to "tail" in this system; so 

the "tail" portion was included as part of the area for each 

peak). 

The concentration of mannan in the original soluble 

extract was then calculated from the area of the mannose 

peak. This calculation indicated the soluble fraction to 

contain 1.39 mg/ml of mannan, a somewhat (17%) higher value 
' than the values 1.17 and 1.20 mg/ml calculated from GC or GF 

anayses. 

The HPLC analyses confirm mannan to be the primary 

soluble hemicellulose. In contrast to the GC analyses, 

which showed only mannose, HPLC did indicate the presence of 

some PHP in the sample, plus a small quantity of glucose and 

a significant quantity of an unidentified component (Figure 
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7). The glucose concentration in the hemicellulose of the 

soluble extract was calculated from the HPLC analysis to be 

insignificant, only about 1/25 of the concentration of the 

mannose. The components responsible for the PHP peak and 

for the peak which follows the mannose peak remain 

utiidentified. The retention time for the final peak is 

appreciably greater than any of the common hexose or pentose 

sugars, suggesting it to be a complex such as a 

sugar-phenolic complex. 

There is the possiblity that the phosphoric acid used 

to acidify the water extract (and prevent browning) somehow 

released the mannan into solution via partial hydrolysis of. 

an insoluble polysaccharide. As one approach to testing 

this possiblity, two extractions were made with 0.5% (0.03M) 

ascorbic acid as anti-browning agent. Ascorbic acid is a 

weak acid, not likely to cause hydrolysis at this 

concentration, but very effective in preventing browning via 

its reducing property. 

The soluble NSP fraction isolated by ascorbic acid 

extraction (AS) was analyzed first by GF and by analysis of 

fractions collected during GF (similar to analyses on 

fraction WS, shown in Figure 4). The pectin and 

hemicellulose peaks were poorly separated, primarily because 

pectin eluted somewhat later than was the case with fraction 

WS. After de-pectinization of fraction AS with anion 

exchange resin, a hemicellulose fraction could be separated 
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by GF and collected (as in Figure 5) for GC analysis. The 

collected hemicellulose contained only mannose, consistent 

with the earlier results on fraction WS (Figure 6). 

However, the total amount of mannan in fraction AS was only 

about half that found in fraction WS, when the extractions 

were carried out under essentially identical conditions. 

These results on fraction AS tend to confirm the 

presence of a soluble homomannan in ripe banana fruit, while 

at the same time pointing to the need for additional 

studies on the extractablity and localization of the banana 

mannan. 



SUMMARY AND CONCLUSION 

Changes in the non-starch polysaccharides (NSP) of 

bananas may be the main mechanism in softening of the fruit. 

High WHC is a characteristic of the banana fruit. NSP 

fractions isolated from banana are reported to have high 

water holding capacity of approximately 17 gm water per gm 

fiber. 

Water soluble and water insoluble NSP fractions were 

obtained from ripe banana using acidified water (about pH 2) 

as extractant.Bananas contain substantial amounts of 

polyphenolic compounds, which can cause rapid browning 

during extraction. Therefore, acidified water was necessary 

used to lower the pH value to prevent the browning reaction. 
0 At an extraction temperature of 25 C, the concentrations of 

acid required to prevent browning would be unlikely to cause 

hydrolysis of polysaccharides. 

The composition of the insoluble NSP was partially 

determined and the insoluble NSP were shown to have a high 

WHC, of about 11 mg water/mg dry matter. The composition 

results showed that the insoluble fraction contained about 

15% cellulose, 11% pectin and 10% hemicellulose as NSP. But 

it also contained 26.2% protein and 22% of a substance which 

contained phenolic substances based on its red color in 1 N 

H2so4 ) and which was highly resistant to acid hydrolysis. 

Thus, the insoluble NSP of bananas are quite complex and 
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will require significantly different analytical approaches 

to characterize them chemically and structurally. Further 

research should be especially directed at the residue which 

resisted hydrolysis. 

The water soluble NSP fraction of ripe banana fruit 

contains about 48% pectin, about 20% hemicellulose, and 

about 21% "partially hydrolyzable polysaccharides" of 

unknown composition. The remaining 11% was protein and a 

trace of cellulose. The analysis of hemicellulose 

composition yielded 84% mannose, 12% arabinose and 4% 

xylose. The soluble fraction was studied by gel filtration 

chromatography and yielded 4 peaks. Peak 4 was shown to be 

free sugar, a mixture of glucose, fructose and sucrose, and 

peak 3 was shown to arise from phosphoric acid. For some 

reason, these low MW substances had not been removed by 

extensive dialysis. Pectin was shown to be responsible for 

peak 1. Peak 2 was shown to be a hemicellulose, with a 

molecular weight range of about 200,000 to 5 million, based 

on dextran standards. Collection of fractions during 

elution of the hemicellulose peak, and hydrolysis of the 

collected material, followed by GC and HPLC analysis 

indicated the presence of essentially 100% homomannan in 

peak 2. Since xylose and arabinose were not present in the 

samples collected during elution of peak 2, probably these 

sugars are constituents of independent hemicellulose. 
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In previous reports, homomannan in ivory nut was 

reported to be insoluble and linear in structure, whereas 

soluble and branched chain homomannan was reported to occur 

in yeast. Since the homomannan in bananas is soluble, we 

hypothesize that it has a branched chain stucture. If so, 

the banana mannan would be unique among plant homomannans. 

Although it makes up only about 0.05% of the fresh weight of 

ripe banana pulp, the unique mannan could play a role in 

determining the softness of the banana pulp. 
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