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ABSTRACT
The purpose of this investigation was to study the non-starch
polysaccharides in annual and perennial roots of Cucurbita foetidissima
HBK.

These polysaccharides, located in the cell walls, were isolated

through a series of sequential extractions, and characterized by chemi
cal analyses, thin layer chromatography, and gas liquid chromatography.
Perennial roots contained larger amounts of pectin, cellulose,
and hemicellulose than annual roots.

The high percentages of pectin in

both annual and perennial roots were unexpected.

Unusually high levels

of glucose uncovered in pectin and hemicellulose fractions may have been
artifacts effected by incomplete enzymatic hydrolysis of starch during
isolation of cell wall components.

Other sugar constituents present in

these fractions included galactose, xylose, and arabinose.
were also detected.

Uronic acids

In hemicellulose fractions the level of xylose

increased as the glucose content decreased with age.

vii i

CHAPTER 1
INTRODUCTION
"It is ironic that the answer to some of the problems of dis
eased, undernourished people may be growing in wide areas around them,
a neglected weed," stated Dr. L. C. Curtis in 1946 referring to the
drought-resistant Cucurbita foetidissima HBK.

This perennial plant,

commonly known as buffalo gourd, is indigenous to the southwestern
United States and northern Mexico and is well adapted to desert environ
ments.

It has been extensively studied as a potential crop for its seed

oil, seed protein, and root starch production.

Thus in the widespread

areas of arid and semi-arid agricultural lands of the world where there
is a serious food shortage, buffalo gourd may provide additional food
desperately needed.
Although the seed protein and oil, root starch, and fibrous
material of the seed coats of this feral xerophytic plant have been
investigated, the non-starch polysaccharides of the roots have not.
Because this material comprises approximately thirty percent of the root
(dry weight basis), it warranted further study.

This research encompas

ses the extraction and analysis of the pectic, cellulosic, and hemicellulosic materials in annual and perennial roots of Cucurbita
foetidissima.
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CHAPTER 2
LITERATURE REVIEW
Cucurbita foetidissima
Buffalo gourd is a relative of cultivated squashes and pumpkins
(Scheerens and Berry, 1986).

Thousands of years before Curtis (1946)

recognized the value of buffalo gourd as a food source, early Indians
gathered its fruit primarily for the seed.

Seeds dating from 7,000 to

5,000 B.C. have been reported from caves with artifacts associated with
the Infiernillo Indian culture (Whitaker, Cutler, and MacNeish, 1957).
The diets of the Aztec, Inca, and Maya Indians, ten thousand years ago,
were based upon maize, beans, and squashes (Dreher, 1976).

Curtis (1946)

urged the investigation of perennial cucurbits, particularly buffalo
gourd, as a food source because (.11 these plants are perennial; (2) they
grow wild on wastelands in regions of low rainfall; (3) they produce an
abundant fruit crop containing seed rich in oil and protein; (4) the
hard fruit lends itself to mechanical harvesting.
Although its vines are frost sensitive and die back in the win
ter, this plant is considered a perennial because its large fleshy
storage roots can survive air temperatures as low as -25°C, especially
when the soil is insulated by snow (Bemis, Berry, and Weber, 1979;
Bemis, et al., 1978a).

Vines regenerate in early spring from nodes

around the root crown.

Each node may also produce adventitious roots if
2
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it remains in contact with moist soil.
roots.

New vines develop from these

This asexual form of reproduction is considered more prevalent

than reproduction by seed in the wild (Bemis et al., 1975).

Cucurbita

foetidissima was first described as monoecious; however, further study
has shown the widespread existence of gynoecious plants which outperform
monoecious plants in fruit yield (Curtis and Rebeiz, 1974; Wilkins,
1980).

Gynoecy is effected by the action of a dominant allele, which is

maintained within the population in the heterozygous condition.

The

monoecious phenotype is characterized as being homozygously recessive
at this locus (Dossey, Bemis and Scheerens, 1981).
Buffalo gourd plants produce numerous small, round fruits
(pepos, commonly called gourds) whose seeds are rich in edible oil and
protein.

The whole seed contains approximately equal portions of oil,

protein and fiber; the latter component is mainly associated with the
seed coat (Berry et al., 1976).

The seed oil is rich in linoleic acid,

an essential amino acid for animals (Dreher, 1976).

Roughly 30% of the

seed is protein, four-fifths of which is present in the embryo.

The

protein is deficient in lysine, threonine, and methionine (Scheerens and
Berry, 1986) and would require amino acid supplementation if used as the
sole protein source in diets for monogastric animals.

The need for

supplementation is typical of most oilseed proteins.
During adverse conditions such as drought, plants survive due to
the large roots which store moisture and energy in the form of starch
(Scheerens and Berry, 1986).

The root is also covered with an imperm

eable suberized periderm which aids in its drought resistance (Dittmer
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and Talley, 1964; Dittmer and Roser, 1963).

The roots are a potential

commercial source of starch containing between 50 - 60% starch on a dry
weight basis.

Roots less than two years old contain less starch and

more water (Bemis, et al., 1978a).

The amount also varies seasonally.

Berry, Scheerens, and Bemis (1978) found that the roots have an initial
amount of 35.6% at shoot emergence, a low of 18.5% at initial fruit set
in early May, and a high of 52.0% in August.

As the vines senesce in

the fall the percentage of starch decreases, therefore making a late
harvest in August desirable (Nelson et al., 1983).
The use of the root as a fresh or cooked food is unfortunately
restricted by a high fiber content and cucurbitacins, a class of
extremely bitter glycosides.

These glycosides are known to be toxic to

mairnnals (David and Vallance, 1955) and are removed during starch isola
tion (Scheerens and Berry, 1986).

Cucurbitacins are additionally found

in the leaves, fruit and stems, But not in the seeds.
Xell Wall Components
The cell wall components (cellulose, pectin, hemicellulose, lignin, and protein) are entangled, associated by covalent bonds, hydrogen
bonds, and Van der Waals forces.

The proportions of these components

vary greatly among tissues, species, and with maturity.

The primary

cell walls of woody plants are composed of approximately one-fourth
cellulose, whereas the secondary cell walls contain nearly one-half
cellulose and one-half lignin.

The rigid walls are capable of with

standing a great deal of weight and physical stress.

Cellulose provides
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the tensile strength while water, another important cell wall component,
provides compressive strength.
The arrangement of components within the cell wall is complex.
Analogically, cell walls of higher plants are similar to reinforced con
crete where the cellulose fibrils are the steel rods and the matrix
materials are the concrete.
Cellulosic and pectic substances of cell walls are polymers com
posed of sugars and/or sugar derivatives.

Primary walls of angiosperms

and gymnosperms, for which reliable information is available, usually
contain polymers of only five sugars and five sugar derivatives in sig
nificant amounts.

The five sugars include D-glucose, D-mannose,

D-galactose, D-xylose, and L-arabinose.

The sugar derivatives are

D-glucuronic acid, D-galacturonic acid, L-rhamnose (6-deoxy L-mannose),
L-fucose

(6-deoxy L-galactose], and galacturonic acid methyl ester.

These sugars, except for glucose, are hardly ever found in a free or
uncombined state in plant cells.
Cellulose
Cellulose, the most common material and least complex poly
sacch a r i d e i n p l a n t c e l l w a l l s , i s a l i n e a r p o l y m e r o f 3 Q 0 - 3 0 Q Q 1 , 4 beta-D-glucopyranose units.

Primary walls frequently contain 20QQ or

more glucose units per cell and some secondary walls contain at least
14,000 residues.
products.

Cellulose is the major component of wood and wood

Through enzymatic or acid hydrolysis cellulose is degraded

into cellodextrins (containing thirty or less glucose residues), then
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into cellobiose (glucose disaccharide), and finally into individual
glucose units.

These intermediates, however, do not occur naturally

(Robinson, 1963).

Cellulose is not degraded by alpha or beta amylase,

but by cellulase.

This enzyme is not secreted in the digestive tract

of higher animals (Lehninger, 1978).

Cellulose is indigestible by

humans, largely insoluble, and comprises most of the "unavailable
carbohydrate" in human food, which interfers with absorption of other
nutrients (DeMan, 1980).

"Besides being the most abundant organic

compound on earth, it is also one of the cheapest in terms of energy
required for its construction, and one of the strongest" (Salisbury and
Ross, 1978).
In cell walls, cellulose is packaged in microfibrils.

Approxi

mately forty cellulose chains, each containing a pair of cellulose
molecules, are hydrogen bonded to one another and packed along their
long axes to form their microfibrils.
and behave like crystals.

Microfibrils are highly ordered

Together they strongly resist stretching.

In

between the microfibrils is a matrix of the other cell wall polysac
charides, pectin and hemicellulose.
Hemicellulose
Hemicellulose is a heterogenous group of polysaccharides classi
fied by the types of sugars which, predominate.

It consists of polymers

of approximately 150-200 units connected By beta-1, 4 linkages.

The

term "Hemicellulose" was coined by Schulze in 1892 for polysaccharides
extracted from plants by dilute alkali.

This component was previously
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thought to be degraded or imperfect cellulose (Jermyn, 1955).

Hemi-

cellulose is more soluble than cellulose (Miihlethaler, 1961) although
it is held in the cell wall matrix by abundant covalent bonds and
mechanical entrapments (Pigman, 1957).

According to Timell (1965), it

may have a role in water transport due to its solubility.

Hydrolysis

of this component primarily yields xylose, arabinose, glucose, galac
tose and mannose (Miihlethaler, 1961).

The amount and types of hemi-

cellulose vary from plant to plant and from tissue to tissue.

There are

acidic and neutral hemicelluloses, some of low molecular weight and some
of high molecular weight.

The high molecular weight molecules are not

easily extracted even with strong alkaline solutions (Dreher, 1976).
Xylans, polymers of D-xylose, are the most conmon hemicellulose found in
plants.

Most are heteroglycans consisting of two to four different

sugars usually having a branched structure and are partially acetylated
(Richards and Whistler, 1970).

As the plant matures the percentage of

xylose increases while the amount of glucose decreases in any plant part
of oat and in wheat (Buchala and Wilkie, 1973; Reid and Wilkie, 1969).
Huber [1984) suggested hemicellulose may have a role in fruit ripening,
and Miihlethaler claimed that ft serves as structural and food reserves
(1961).
Pectin
Pectin is a polymer of alpha 1,4 galacturonic acid units with
side chains of L-rhamnose, D-galactose, L-arabinose, D-xylose, and
L-fucose (Aspinall, 1970).

The separation of the "pectin" araban and

8

galactan from the hemicellulose araban and galactan is arbitrary
(Jermyn, 1955).

A variable number of uronide carboxylate groups are

esterified as methyl esters (DeMan, 1980).

These galacturonic acid

methyl esters are called pectinic acids; those low in ester groups are
known as pectic acids (Dreher, 1976).

Pectins are present in primary

cell walls and in the middle lamella; they form a common intercellular
adhesive which unites walls of adjacent cells (Figure 1).

Pectins are

most abundant in soft tissues such as apples and citrus fruit peels.
They are involved in fruit ripening and act as gelling agents in foods.
Lignin
Lignin is an insoluble, aromatic high molecular weight polymer
of coumaryl, coniferyl, and sinapyl alcohols.

It technically refers to

a group of high molecular weight amorphous compounds which are very
similar chemically (Miihlethaler, 1961).

Lignin is formed by oxidative

coupling of coniferyl alcohol units; the oxidation is enzymic while the
polymerization and deposition are chemical reactions (Shafizader and
McGinnis, 1971).

Lignin acts as a hydrophobic filler, replacing water

as the cell wall matures.

It is a cementing agent forming covalent

links with the hydroxyl groups of the wall carbohydrates and protein,
giving rigidity and toughness to the cell wall.
Extensin
Extensin is a structural protein (Lamport, 1970) rich in hydroxyproline containing side chains of arabinose and galactose (Lehninger,
1978).

It resembles collagen in animal tissues.

This glycoprotein is
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covalently linked with polysaccharides and lignin in the cell wall.
Extensin represents at least 10% of the weight of most primary walls.
Although its function is not understood, it might be involved in bonding
the microfibrils together through hydrogen bonding between the oligo
saccharides of the glycoprotein and the outer polysaccharide chains of
the microfibrils (Northcote, 1972).
Cell Wall Formation
During cytokinesis a new cell wall begins with the fusion of
hundreds of tiny vesicles forming a cell plate immediately after nuclear
division (Muhlethaler, 1961).
which is rich in pectin, forms.

As the vesicles fuse, the middle lamella,
Following this the primary wall com

mences development in part by the fusion of dictyosome vesicles contain
ing other non-cellulosic polysaccharides.

The non-cellulosic

polysaccharides are not synthesized in the cell wall but in the dictyosomes of the Golgi apparatus where polymerization of the monosaccharides
occurs.

The tiny vesicles are pinched off the ends of the dictyosomes.

Then these vesicles move through the cytoplasm and across the plasmalemma where they fuse with the plasma membrane and secrete their
polysaccharide contents into the wall (Northcote, 1972).

Although the

location and process of cellulose synthesis is unknown, Northcote sug
gests the cellulose microfibrils are "probably spun out into the wall by
an enzymic complex which is at the plasmalemma surface and which may be
mobile."

The secondary wall is deposited on the inner surface of the pri
mary wall (Figure 1).

During secondary wall thickening there is (1) a

shut-down of pectin synthesis; (2) an increase in hemicellulose synthe
sis; (3) an increase in cellulose synthesis; and (4) the initiation of
lignin synthesis.

Lignification is the final process in the formation

of the cell wall, similar to the curing of resin in a glass fiber com
posite (Northcote, 1984).

It is a polymerization process within the

matrix involving, for the most part, nonenzymatic joining together of
free radicals.

The free radicals are formed by enzymatic dehydrogena-

tion of monomers such as coniferyl alcohol (Northcote, 1972).

Lignin

penetrates the wall from the outside (primary wall) inward at the early
early stages of secondary wall thickening and progressively fills the
space previously occupied by water.

Covalent bonds may form between the

polysaccharides and the lignin causing the linear polysaccharide poly
mers to be enclosed in a cross linked polymer cage.

When lignification

is complete in woody plants, the cell dies (Timell, 1964).
Isolation and Analysis of Cell Mall Components
Isolation of Cell Wall Components
It is extremely difficult to isolate homogenous polysaccharides
from a complex mixture such as a plant cell wall.

Several problems

exist including the separation of fractions with minimum contamination
and the avoidance of chemical modification which can occur during isola
tion.

Solvents for extraction are chosen according to "like dissolves
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like."

A commonly used sequantial extraction procedure is outlined

in Figure 2.
An azeotropic mixture of chloroform and methanol is used to
extract both polar and non-polar lipids (Robinson, 1963); a non-polar
solution of hexane or chloroform alone may not extract the polar lipids.
Pigments and simple sugars are extracted with a mixture of ethanol and
water (80:20 v/v) (Altschul, 1958; Buchala and Wilkie, 1974; Dreher,
1976).
Cold and hot water dissolve various low molecular weight hydrophilic polysaccharides.

Pectins can be extracted with boiling water,

but more complete extraction can be accomplished using a dilute ammonium
oxalate solution (Jermyn, 1955; Aspinall and Jiang, 1974; Sabir,
Sosulski, and Hamon, 1975).

This solvent, unfortunately, may also

dissolve some hemicellulose.
The cell wall components are closely associated with lignin, and
this component must Be removed prior to extraction of hemicellulose.
This is usually accomplished by either the chlorite method (Jermyn,
1955; Whistler and BeMiller, 1963; Timell, 1964) or the chloriteethanolamine method (Timell, 1964).

All delignification processes cause

chemical and physical modification, often coupled with a loss in carbo
hydrate material.

The process results in the partial depolymerization

of cellulose and hemicellulose, with increased numbers of carbonyl and
carboxyl groups in the products.

With, severe treatments, degraded cellU'

lose appears fn the hemicellulose fractions (Lindberg, 1962).

Hemi

cellulose is slightly more degraded with the chlorite method than the
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chlorite-ethanolamine method; the former protocol is preferred due to
easier handling (Richards and Whistler, 1970).

The delignified material

is called holocellulose, yet commonly contains some lignin which cannot
be removed.

Annual plant tissue is converted to holocellulose more

readily than wood possibly because it contains less lignin (Richards
and Whistler, 1970).

Most of the extensin is removed passively, as it

is also solubilized during delignification (Selvendran, Davies, and
Tidder, 1975).
Lignin interfers with hemicellulose extraction because it inhi
bits the complete solution of hemicellulose through entrapment or covalent bonding, and it dissolves in the extract causing difficulty in
purification (Whistler, Bachrach and Bowman, 1948).

Generally the lignin

is removed prior to alkali extraction to eliminate any contaminating
lignin or extensin (Whistler, 1950; Jermyn, 1955; Richards and Whistler,
1970).
A strong swelling agent such as alkali is required to extract the
hemicellulose from the tightly packed cellulose fiber matrix.

Although

many hemicelluloses are water soluble after isolation, they are not
easily extracted with water CGould, 1971).

The alkali solution ruptures

the hydrogen bonds, making the matrix accessible.

Hemicellulose solu

bility increases with increasing alkali concentration up to 10%, after
which only small additional amounts are extracted (Whistler, Bachrach,
and Bowman, 1948; Wise and Rati iff, 1947).

It is more expedient and

efficient to use two sequential extractions of 5% and 24% potassium
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hydroxide to remove hemicellulose (Wise, Murphy, and D'Addiecco, 1946).
The material insoluble in 24% potassium hydroxide is arbitrarily defined
as alpha-cellulose (Jermyn, 1955; Wise, Murphy, and D'Addieco, 1946).
Four reactions occur during alkaline extraction, which modify the hemi
cellulose:

(1) saponification of partially acylated poly-saccharides;

(2) chemical modification initiated at the reducing end; (3) alkaline
degradation of glycosidic linkages; and (4) cleavage of chemical bonds
between hemicellulose and other components (Richards and Whistler,
1970).

Changes in the hemicellulose caused by alkali are considered

minimal (except for saponification) when extraction is performed at or
below room temperature and under nitrogen.
Upon neutralization of the alkaline extract "hemicellulose A"
precipitates.

This fraction contains high molecular weight xylans with

side chains of uronic acid and a small amount of arabinose (Dreher,
1976; Richards and Whistler, 1970).

By adding ethanol to the neutral

ized extract, a second hemicellulose fraction, "hemicellulose B,"
precipitates.

It commonly contains two types of low molecular weiqht

polymers; (1) linear xylans with side chains of arabinose and uronic
acid; (2) highly branched xylans rich in galactose.

The criteria for

hemicellulose purity are ambiguous and there is no generally applicable
method for evaluating the purification process
1960).

(Bouveng

and Lindberg,

As with other cell wall component mixtures, hemicelluloses

cannot be separated into pure components.
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Analysis of Cell Wall Components
The pectin, cellulose and hemicellulose fractions are typically
analyzed through intrinsic viscosity measurements which yield informa
tion on the size and shape of the polysaccharide molecules, and via thin
layer chromatography and gas liquid chromatography to learn the types
and amounts of the constituent monosaccharides.
Viscosity is a measure of resistance of fluids to flow.

It can

be used to compare sizes of polysaccharide molecules (Sannella and
Whistler, 1962; Richards and Whistler, 1973).

Specific viscosity of a

solution is relative to the viscosity of the solvent and can be defined
by the following equation:
nx

"

ny

= specific viscosity
ny

where nA and n„
represent the viscosity of the solution and the solvent,
y
respectively.

Specific viscosity is also dependent upon concentration

of the solute and for a given solution, the effects of solute concentra
tion can be plotted.

When this relationship is extrapolated to a "zero

solute concentration," the resulting viscosity value is known as intrin
sic viscosity (n) (Swenson, 1963; Dreher, 1976).
To determine the constituent sugars of the polysaccharides, the
fractions must first be hydrolyzed with acid.

Complete conversion of

the polysaccharides to tfieir constituent sugars is difficult due to
slight decomposition of sugars, forming furfural compounds (Jermyn,
1955; Pigman, 1957).

Dreher (1976), however, claims that under favorable
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conditions, approximately 90% of the polysaccharides can be accounted
for as monomeric sugars.

The rate of hydrolysis depends upon structure,

with alpha glycosidic bonds more easily hydrolyzed than their beta
counterparts.

Boiling, 3% sulfuric or nitric acid will hydrolyze frac

tions consisting of pentose sugars (Jermyn, 1955; Sannella and Whistler,
1962; Jukes, 1974) stronger acids may be necessary for hexoses.

Uronic

acids are normally liberated under these acidic conditions.
The constituent sugars can be qualitatively identified by thin
layer chromatography.

A solution of the fraction to be analyzed is

spotted on one end of a silica gel plate.

The plate is placed in a

chamber containing a small amount of an organic aqueous solvent which
moves vertically along the plate by capillary action.

The plate, coated

with a thin layer of an adsorbent such as silica, acts as a support.
Silica has an affinity for water, and the water held on the silica con
stitutes the stationary phase.
chamber is the mobile phase.

The organic-rich solvent inside the
During the TLC process the sugars distri

bute themselves between the mobile (organic-rich) and stationary (waterrich) phases according to their relative solubilities.
Gas liquid chromatography is used to give more accurate and
quantitative data.

Sugars are polyhydroxy compounds and therefore are

not sufficiently volatile for gas chromatography, but they may be derivatized into stable and volatile compounds (Berry, 1966), such as 0trimethylsilyl ethers (Sweeley et al., 1963; Brower, Jeffrey and
Folsom, 1966; Wurst, Vancura and Kalachova, 1974).

These derivatives

are prepared by reacting the sugars in pyridine with hexamethyldisilazane

18

and chlorotrimethylsilane:
3R0H + (CH 3 ) 3 SiNHSi (CH 3 ) 3

+ (CH 3 ) 3 SiCl—>3R0Si (CH 3 ) 3 + NH4C1

Upon GLC analysis, derivatized sugars often yield multiple response
peaks due to chromatographic separation of differentially silated
anomeric forms.
In gas liquid chromatography a sample is injected into a column
containing a non-volatile liquid stationary phase on an inert support.
A carrier gas (the mobile phase) is passed through the column.

Separa

tion occurs as the sample constituents partition between the gas and
liquid phases.

As the sample leaves the column it passes through a

hydrogen flame ionization detector which is sensitive to the variation
in current caused by the ionized sample vapor.
and recorded.

This signal is amplified

Known standard solutions are used in both thin layer

chromatography and gas liquid chromatography to identify the unknown
sample by comparing their retention times and volumes.

CHAPTER 3
MATERIALS AND METHODS
Preliminary Root Analysis
Annual and perennial roots were cleaned, cut into small sections,
freeze-dried, and ground into powder.

All analytical procedures were

performed in triplicate.
Proximate Composition
Proximate analysis for moisture, crude fat, crude protein, free
sugar and starch contents was performed using standard methodology.
Moisture levels were determined gravimetrically by drying approximately
55.0 g of material in a forced-air oven at 110°C for 24 h.

Crude fat

contents were evaluated gravimetrically using a Goldfisch apparatus;
ground samples (2.0 g) were extracted with chloroform:methanol (2:1 v/v)
for 6 h.

Nitrogen analyses were performed on 150 mg of material by the

standard micro Kjeldahl method.

Crude protein values were calculated by

multiplying the nitrogen value hy the factor 6.25.

Sugar and starch

contents were determined on 200 mg of material by a modification of the
anthrone-sulfuric acid method.

Ash determinations were accomplished

gravimetrically by heating 1.0 g of material in an electric muffle
furnace at 500°C for 16 h.
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Lignin Determination
The acetyl-bromide method (Morrison, 1972) was used to determine
lignin contents.

This required measurement of the absorptivity of a

standard lignin solution.

This solution was prepared by combining 3.0 -

6.0 mg sample of lignin (weight accurate to 0.1 mg) with 10 ml of a 25%
solution of acetyl bromide in glacial acetic acid held in a 30 ml teflon
capped test tube.

Contents of the test tube were heated in a 70°C gly

col bath for 30 min; the solution was agitated every 10 min.

On cooling,

the mixture was transferred to a 100 ml volumetric flask containing 9 ml
of 2N sodium hydroxide and 50 ml acetic acid.

Next, 1 ml of 7.5 N

hydroxylamine hydrochloride was added, and the solution was diluted to
100 ml with glacial acetic acid.

Absorbance was measured at 280 nm with

a Beckman (model 2400) double Beam spectrophotometer.

The absorptivity

of standard lignin (Ast) was calculated by the equation:

Ast =

absorbance of standard lignin
concentration (.9/ 1 )

Lignin content of whole root and root components was determined
by using 10-50 mg samples.

Samples were subjected to the digestion,

dilution and spectrophotometry procedures described above and sample
lignin content was calculated by the equation:
100 x V x A
% lignin =
g x Ast
V = volume of solution

g = weight of sample

A = absorbance of sample

Ast = absorptivity of standard
lignin

Cell Wall Component Extractions
Cell wall components were fractionated and isolated using pro
cedures described in Figure 2.

All procedures were done in triplicate.

First, a sample of raw (freeze dried, ground) material (20 g)
was extracted with chloroform:methanol (2:1 v/v) in a Soxhlet apparatus
for 18 h to remove the lipid material.

Next, the lipid-free residue was

refluxed with 80% ethanol for 4 h extracting the free sugars which were
separated from non-soluble components by centrifugation at 5,000 rpm
for 10 min.

The free sugars were concentrated (rotovaced) and analyzed

by the anthrone-sulfuric acid method.
The residue was then suspended in deionized water, stirred for
24 h at room temperature, and centrifuged at 5,000 rpm for 10 min.

Five

volumes of 95% ethanol were added to the supernatant to precipitate the
cold water-soluble polysaccharides.

The mixture was centrifuged and the

cold-water soluble polysaccharides were later freeze-dried and weighed.
To remove starch, the sample was suspended in 0.02 M phosphate
buffer (pH 6.9) containing 0.006 M sodium chloride, boiled, cooled to
55°C and treated with 0.1% alpha bacterial amylase.

The suspension was

placed in a shaker bath at 55°C, and starch was allowed to digest over
night.

The following day the solution was vacuum filtered and both

extract and residue were saved.

The residue was re-suspended in 0.02 M

phosphate buffer (pH 4.8), and treated with 0.1% glucoamylase.
ture was shaken again in a shaker bath at 55°C overnight.

The mix

The resultant

solution was vacuum filtered and the two extracts were combined.
volumes of 95% ethanol were added to the combined extracts to

Five
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precipitate the hot water-soluble polysaccharides which were centrifuged.
These polysaccharides were later freeze-dried and weighed.
Next, the material was depectinized using the ammonium oxalate
method (Jermyn, 1955; Sabir et al., 1975).

Ammonium oxalate (300 ml of

a 0.5% solution) was added to 10-20 g samples of previously extracted
material.

The mixture was heated in a shaker bath at 70-80°C for 30

min, cooled, agitated and heated again at 70-80°C for 30 minutes. Supernant and residue were separated by vacuum filtration.

Pectin was preci

pitated from the filtrate by the addition of an equal volume of ethanol
followed by refrigeration of the solution overnight (4°C).
ing suspension was centrifuged at 5,000 rpm for 20 min.

The result

The pectin

precipitate was later freeze-dried and weighed.
Following depectinization, the residue was delignified using the
chlorite method (Wise, Murphy, and D'Addiecco, 1946; Jermyn, 1955;
Whistler and BeMiller, 1963).

The sample (5 g) was suspended in 250 ml

of delignification solution (containing 25 g sodium chlorite, 25 ml
glacial acetic acid and 200 ml deionized water) plus 1 ml decahydronaphalene (decalin).

The mixture was heated in a glycol bath to 75°C,

and nitrogen gas was bubbled through the solution to displace the
chlorine dioxide gas formed.

After cooling, the mixture was vacuum

filtered, washed three times with 95% ethanol and acetone, and air dried
yielding a white residue Cholocellulose).

Lignin content was determined

by the acetyl bromide method before and after delignification.
The holocellulose was extracted with alkali to remove the hemicellulose (Jermyn, 1955; Sannella and Whistler, 1962).

The sample was
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mixed with 5% potassium hydroxide (oxygen-free, 100 ml per 5 g sample)
in a 250 ml centrifuge bottle and shaken under nitrogen for 18 h at
25°C.

After centrifugation the sample was extracted a second time with

24% potassium hydroxide (oxygen-free) under the same conditions.

Alpha

cellulose was precipitated by centrifugation at 5,000 rpm for 15 min;
the residue was washed three times with 95% ethanol and acetone.
filtrate was colled in an ice bath.

The

The hemicellulose A fraction was

precipitated upon acidification of cooled filtrate to pH 5 with 50%
acetic acid.

The fraction was collected after centrifuging at 5,000

rpm for 15 min.

The acidified supernant solution was diluted with four

volumes of 95% ethanol to precipitate the hemicellulose B fraction
which was then centrifuged at 5,000 rpm for 10 min.

Both fractions were

purified three times by dissolving them in oxygen-free 24% potassium
hydroxide, followed by their reprecipitation upon acidification and
addition of ethanol.

These were later freeze-dried, weighed, and

analyzed for crude protein by the micro Kjeldahl method.
Cell Wall Component Analysis
All procedures were performed in duplicate.
Viscosity
The intrinsic viscosity of pectin and hemicellulose was obtained
using the method of Swenson (1963).

To calculate this value, specific

viscosities of solubilized fractions were determined at several solute
concentrations using an Ostwald-Cannon-Fenskse viscometer (capillary
diameter = 0.35 mm).

Initial 1% solutions of each fraction were

prepared in a 25 ml volumetric flask by dissolving 0.25 g samples in
0.01 N sodium hydroxide.

Aliquots of initial solutions (5 ml) were

individually transferred to the viscometer and the flow time required
for the solution to travel a given distance marked on the viscometer
was recorded.

This reading was then entered into the equation described

by Swenson (1963) to calculate specific viscosity.
rinsed with acetone and dried after each trial.

The viscometer was

The 20 ml of solution

remaining in each volumetric flask were again diluted to the standard
volume and the specific viscosities of the diluted solutions were
obtained.

At least four cycles of this procedure were performed result

ing in measurements of each component at concentrations of 1.00, 0.80,
0.64, 0.51 and 0.40%.

For a given component (e.g., pectin) specific

viscosities at all concentrations were plotted.

The y-intercept

(specific viscosity at 0.00% solute concentration) was described as the
intrinsic viscosity.
Chromatography
Hydrolysis.

The pectin, cellulose, and hemicellulose fractions

of hoth annual and perennial roots were hydrolyzed by suspending 200 mg
of sample in 2 ml 72% sulfuric acid and allowing the mixture to stand
at room temperature until solution occurred.

The solution was then

diluted to 3% sulfuric acid and refluxed for 8-12 h.

The solution was

filtered after neutralization with, solid barium carbonate.

The clear

filtrate was treated with BioRad analytical grade cationic exchange
resin AG 5QW-X2 (200-40Q mesh) (Richmond, CA) and refiltered.

The

solution was freeze-dried and dissolved in either 10 ml deionized water
for thin layer chromatography or in 1 ml pyridine for gas liquid
chromatography (Berry, 1985).
Thin Layer Chromatography.

Approximately 100 ml of the solvent

system (ethyl acetate: pyridine: water, 8:2:1) were placed in an open
chamber glass tank for thin layer chromatography of sugar solutions
(Figure 3).

Solubilized free sugars of pectin, cellulose and hemicellu-

lose fractions (20 y of approximately 20% solutions) were placed in
separate lanes on prepared silica gel 60 plates (20 x 20 cm, 0.2 mm
thick), accompanied by 1 yl of each standard sugar x CA GL A M solution
(1%) in additional lanes.
proceed for 3 h.

The chromatographic process was allowed to

After drying, the plates were sprayed with a 30% solu

tion of sulfuric acid and developed in an oven at 115°C for 15 min.

The

developed spots were then outlined and identified by comparison with the
known standards.
Gas Liquid Chromatography.

Quantitative analysis of component

sugars by gas liquid chromatography (Sweeley et al., 1963) was performed
on a Varian gas liquid chromatograph (model 3700) using glass columns
packed with 3% SE-30 on Gas Chrom Q (80-100 mesh).
follows:

Flow rates were as

air, 300 ml/min; nitrogen, 40 ml/min; and hydrogen, 25 ml/min.

The column was programmed to rise from 100°C to 250°C, increasing 2°C/
min; the injector port and detector oven temperatures were 210 and 260°C
respectively.
was 10

.

The attenuation was set at 2 while the electrometer range

Inositol was used as an internal standard.

ss" y/y^

4 - /r , •- ./: •

Fig. 3.
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Thin Layer Chromatographic Open Chamber
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The trymethylsilyl sugar derivatives were prepared by combining
1 ml of anhydrous pyridine containing approximately 100 mg unknown sample
(10 mg for standard sugars) with 0.2 ml of hexamethyldisilazane and 0.1
ml trimethylchlorosilane.

The cloudy mixture was shaken vigorously and

allowed to stand at least 5 min before injecting 10 yl aliquots (1 yl
for sugar standards) into the chromatograph.
by 1/2 base x height.

Peak areas were calculated

The relative amounts of the component sugars pre

sent were determined based upon their fractions of the total peak area
of the injected sample.

CHAPTER 4
RESULTS AND DISCUSSION
Preliminary Root Analysis
As expected, annual buffalo gourd roots contained more water,
less lignin, and less starch than perennial roots (Table 1).

As a

plant matures, the water is replaced with lignin (Dreher, 1976; Northcote, 1972) and more energy is stored as starch (Scheerens et al., 1983;
Salisbury and Ross, 1978).

The plants in this study were harvested

while the above-ground growth was dormant (Shceerens, 1985).

Most per

ennial plants store starch before and during dormancy which is later
utilized in regrowth during the following growing season (Salisbury and
Ross, 1978).

The annual (first year) roots were also composed of more

free sugars, crude fat, crude protein, and ash than the second year
perennial roots.

The free sugars in the perennial roots may have been

converted to starch resulting in lower sugar and higher starch contents.
Environmental or genetic factors could be responsible for the variance
in these components.

Curtis reported variation in oil content from 25.6

to 42.8% and in protein content from 22.2 to 35.1% within the species
(Bemis et al., 1978b).

Planting date affected the root yield and starch

content of buffalo gourd with an April planting resulting in higher root
and starch yields than a July planting (Nelson et al., 1983).

One pos

sible explanation for the increased moisture and ash contents in the
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Table 1.

Preliminary Analysis of Annual and Perennial Roots.

Components

Annual

Moisture (% fresh roots)

Perennial

82.3

76.6

(35 DWB)

5.4

4.8

Crude Fat

"

9.1

7.7

Crude Protein

"

9.5

7.5

Sugar

"

8.0

4.8

Starch

"

51.1

55.3

2.1

2.7

Ash

Lignin
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annual roots is a possibly greater surface area.

The annual plants

(closely spaced) produced more numerous and smaller roots than their
perennial (far spaced) counterparts (Scheerens, 1985) which might yield
a greater surface area for the annual roots.

This could result in

improved water and mineral absorption (Salisbury and Ross, 1978).
Cell Wall Component Analysis
Perennial roots contained higher percentages of the non-starch
polysaccharides pectin, cellulose, and hemicellulose than annual roots
(Table 2).

The percentage of pectin was surprisingly high (5.0 and 5.7%)

for both first year (annual) and second year (perennial) roots, respec
tively.

The increase in cellulose (from 16.4 to 29.8%) and hemicellulose

content (from 6.8 to 7.2% for hemicellulose A and from 12.0 to 13.3% for
hemicellulose B) with age was anticipated due to the increased cell wall
thickening characteristic of older plants.

The hemicellulose fractions

were unfortunately highly hygroscopic leading to imprecise weight deter
minations (Jermyn, 1955).

Other authors have avoided stating exact

hemicellulose weights, possibly for this reason (Donnelly, Helm, and
Lee, 1973; Pickering, 1941; Kinsman, 1932).

Hemicellulose B, however,

was definitely the larger hemicellulose fraction.
Protein was not found in the isolated cell wall components.

The

root protein was most likely removed during the delignification process.
The percentage of ligni'n before and after this process was reduced from
2.1 to 1.1% and from 2.7 to 1.6% for annual and perennial roots, respec
tively.
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Table 2.

Chemical Composition of Annual and Perennial Roots.-/

Components

Annual

Perennial

Lipid (%)

9.1

7.7

Free Sugars (%)

8.0

4.8

51.1

55.3

Cold water-soluble PS (%)

1.2

1.2

Hot water-soluble PS

6.0

5.5

Pectin (%)

5.0

5.7

Lignin {%)

2.1

2.7

16.4

29.8

6.8

7.2

Starch (%)

Cellulose {%)
Hemicellulose A - (%)
Hemicellulose B

(%)

{%)

12.0

13.3 -

1/

DWB

2/

Hygroscopic material; percentages are approximate.
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Intrinsic viscosity values for pectin and hemicellulose frac
tions, given in Table 3, were all greater for perennial than annual
roots.

The hemicellulose samples exhibited very low values (approxi

mately 0.1 100 ml/g).

Dreher (1976) claimed this may be helpful in

absorbing the limited water supplied by an arid environment by helping
to create a high osmotic pressure within the root cell walls when in
contact with water.
Thin layer chromatographic data, illustrated in Figure 4, showed
only the presence of glucose in the hydrolyzed cellulose and hemicellu
lose fractions, while the hydrolyzed pectins were composed of both
glucose and galactose.

Uronic acids were expected and apparently pre

sent in all samples (remaining at the origin, with the known standard
uronic acid, on the TLC plate during the process).
Gas liquid chromatography CGLC) gave more detailed information.
Glucose was the dominant sugar constituent of all the fractions as can
be seen in Figures 5-8.

The high occurrence of glucose in hemicellulose

is unusual because this fraction generally consists of xylans or hetereoxylans with uronic acid or arabinose side chains (Dreher, 1976; Northcote, 1972).

The enzymatic process of removing the very high starch

content of these roots may have been inadequate, leading to a high level
of glucose contaminant in all cell wall fractions.

It is also possible

some degraded cellulose was present in the hemicellulose due to the
harsh delignification treatment.

In addition to glucose and galactose

(previously identified as constituents of cellulose, hemicellulose, and

Table 3.

Comparison of Intrinsic Viscosities
For Annual and Perennial Root Pectins
and Hemicelluloses A and B.

Components

Annual

Perennial

Pectin (dl/g)

1.39

1.51

Hemicellulose A (dl/g)

0.11

0.16

Hemicellulose B (dl/g)

0.08

0.10

pectin fractions), GLC analysis also detected the presence of xylose and
arabinose (Table 4).
wall fractions:

This comprised a total of four sugars in the cell

glucose, galactose, xylose, and arabinose.

acids were also apparently present.

Uronic

The cellulosic fractions were not

"pure" glucose but contained small amounts of galactose, arabinose, and
xylose indicating the probable presence of hemicellulose in that frac
tion as a contaminant.

The xylose content increased while the level of

glucose decreased with age in the hemicellulose fractions consistent
with previous studies (Joseleau and Barnoud, 1974; Buchala and Wilkie,
1970).

Reid and Wilkie (1969) found the same true for oat plants in any

one part of the plant.

For wheat, Buchala and Wilkie (1973) found that

in each plant tissue the percentage of xylose increased with progressing
plant maturity, the galactose level varied little, and the percentages
of arabinose, glucose and uronic acid decreased.

A

= L-arabinose

GL

= D-glucose

M

= D-mannose

GA

= D-galactose

X

= D-xylose

S

= standard mixture of A, GL, M, Ga, and X

U

= uronic acid

P-A

= pectin, annual root

P-P

= pectin, perennial root

C-A

= cellulose, annual root

C-P

= cellulose, perennial root

H-A
A

= hemicellulose A, annual root

H-A
P

= hemicellulose A, perennial root

H-B
A

= hemicellulose B, annual root

H-B
P

= hemicellulose B, perennial root

Figure 4.

Thin Layer Chromatographic Data.
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A

= L-arabinose

GL

= D-glucose

M

= D-mannose

GA

= D-galactose

X

= D-xylose

I

= inositol
Figure 5.

Gas Chromatograms for Pectins.
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Figure 5.

Gas Liquid Chromatograms for Pectins.

A

= L-arabinose

GL

= D-glucose

M

= D-mannose

GA

= D-galactose

X

= D-xylose

I

= inositol
Figure 6.

Gas Chromatographs for Celluloses.
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Figure 6.

Gas Liquid Chromatograms for Celluloses.

A

= L-arabinose

GL

= D-glucose

M

= D-mannose

GA

= D-galactose

X

= D-xylose

I

= inositol
Figure 7.

Gas Chromatographs for Hemicelluloses
A.
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Figure 7.

Gas Liquid Chromatograms for Hemicelluloses A.

A

= L-arabinose

GL

= D-glucose

M

= D-mannose

GA

= D-galactose

X

= D-xylose

I

= inositol
Figure 8.

Gas Chromatographs for Hemicelluloses B.
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Figure 8.

Gas Liquid Chromatograms for Hemicelluloses B.
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Table 4.

Gas Liquid Chromatographic Data For Annual and Perennial
Root Pectins, Celluloses, and Hemicelluloses A and B.

glucose

galac
tose

(t)

(%)

Pectin annual

87

13

I

Pectin perennial

89

11

:

—

:

—

Cellulose annual

86

4

:

2

:

8

Cellulose perennial

83

9

:

4

:

4

Hemicellulose A annual

86

___

:

5

:

9

Hemicellulose A perennial

69

:

10

:

21

Hemicellulose B annual

92

:

4

:

4

Hemicellulose B perennial

78

:

15

:

—

Component

:

7

arabinose
(*)

xylose
(%)

;

CHAPTER 5
SUMMARY AND CONCLUSIONS
This study provided information on comparisons between older
perennial and younger annual buffalo gourd roots.

Perennial roots

displayed increased levels of starch, lignin, pectin, cellulose, and
hemicellulose.

The younger roots contained more ash, crude fat, crude

protein, free sugars, and water; the latter component was replaced with
lignin as the plant matured.
The cell wall components were not "pure."

A high level of glu

cose was present in all fractions indicating possible cellulose degrada
tion, but more likely, an insufficient removal of starch.

Pectins

comprised an unexpectedly high proportion of root dry weight in annual
and perennial roots (5.0 and 5.7%, respectively).
may be partly responsible for these high values.

Glucose contaminants
Other sugars present

in these cell wall fractions included galactose, xylose, and arabinose.
Uronic acids were also present.

The cellulose fractions contained small

amounts of hemicellulose, demonstrating the difficulty in separating
pure cell wall components.

In hemicellulose samples the level of xylose

increased as the level of glucose decreased with age.
An improved method of extracting the high percentage of starch
from these roots is necessary to further investigate the non-starch
polysaccharides.
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