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ABSTRACT

The purpose of this investigation was to study the 
seed coat hemicelluloses of Cucurbita foetidissima/ C. 
digitata, C. maxima, C. pepo, and ficjfolia. These 
species have the potential to become commercial oil seed 
sources, and processing would produce large tonnages of seed 
coat residues with possible value for ruminant consumption 
and chemical processing,

A combination of sequential extractions, chemical 
procedures, and physical evaluations was used to determine 
in part the nature of the hemicellulose fractions.

Hemicellulose in the seed coat cell wall contains 
fractions which are associated with the cell wall matrix.
One is loosely associated and readily soluble in alkaline 
solution; it contains a relatively large proportion of 
structural proteins* The other is closely associated and 
is soluble only after delignification. The hemicellulose 
itself is composed of at least two complex polysaccharides.

The hemicellulose of the kerophytic.d » digitata has 
a low intrinsic viscosity, a property of probable influence 
in osmotic pressure regulation when the seed is exposed to 
water.

viii



INTRODUCTION

Food production in the world is trailing the growth 
of population in spite of national and international efforts 
to overcome the problem. Enormous areas of arid and semi-, 
arid land produce crops intermittently or not at all. There 
is a critical need to increase the production of food, 
particularly oil and protein from new oil seed sources.
If oil and protein production is to increase, the develop
ment of new drought-resistant oil seed crops is vital.

Seeds of the genus cucurbita have the potential to 
provide oil and protein in many parts of the world. Some of 
the feral perennial species are vigorous and highly drought- 
resistant. They produce seeds rich in oil and protein, 
foliage in large quantities*, and extensive storage roots 
which are a source of starch. If species in this genus 
become commercial oil seed sources, processing will produce 
large tonnages of seed coat residues, for the seed coat 
constitutes one-fourth to one-half of the seed.

. The objective of this study was to isolate and 
compare the hemicelluloses of seed coats of three domesti
cated and two feral species of CUCurbita. Hemicellulose 
is an important component of any seed coat. Hemicelluloses 
in other agricultural by-products such as c o m  cobs have 
already served as an important raw material for the
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production of furfural, a vital chemical in the extractive 
purification of petroleum. In areas where cotton is grown, 
the seed coats, processed with alkali or steam to promote 
access by rumen microorganisms^ are an important component 
in feedlot rations. In areas where Cucurbita could be 
established, processed seed coats in combination with 
nitrogen and mineral supplements could be used as a primary 
energy source for ruminants,

Feral species of Cucurbita, especially C, digltata, . 
have a lower germination rate than domesticated species, a 
traib which appears to be associated with the seed coat.
The hygroscopic nature Of the hemicellulose fraction may 
play an important role in germination by promoting the 
passage of necessary water and oxygen through the seed coat 
to the embryo. By comparative analysis of the domestic and 
feral seed coats with special emphasis on the hemicelluloses, 
this study may provide insight concerning the low germina*- 
tion rate of the feral Cucurbitat •

There have been no previously published comparative 
studies of seed coat hemicelluloses from different species 
of the Same genus. The species used in this study represent 
a range of climatic adaptation from tropical to desert 
environments^



LITERATURE REVIEW

Cucurbits
The genus Cucurbits contains 27 species, which are 

commonly known as squashes, pumpkins, gourds, or marrows 
(Whitaker and Bemis, 1975). Cucurbita are native to the 
American continents > and have been able to adapt to many 
climatic conditions since theif origin in the tropical 
region of south central Mexico (Bemis and Whitaker, 1969). 
Plants of this genus require only moderate amounts of 
moisture and nutrients for good growth, But they are not 
tolerant to frost or prolonged near freezing temperature 
(Whitaker, 19681; This_genus displays variable morphology; 
roots are tap to fibrous; stems are long-running to short 
and bushy, leaves are simple, alternate, shallow to deeply 
lobed; flowers are Ihfgo, solitary, creamy white to deep 
orange yellow; fruit are fleshy to fibrous; seeds occur in 
many sizes and colors (Whitaker and Davis, 1962), The sex 
expression of all species is monoecious.

• The use of Cucurbita plants as a food item has a 
long history. Ten thousand years ago the advanced civiliza
tions of the Aztec, Inca, and Maya Indians were Based upon 
the maize, Bean, and squash food complex, Whitaker and 
Bemis (197 61 have pointed out that while most'' Cucurbita 
fruit are attractive at first sight, their hard rinds and



bitter flesh make them undesirable. On the other hand, the 
seeds are numerous, non-bitter, tasty, and nutritious.
These investigators propose that while early Indians were 
gathering fruit for the seeds, they found mutant fruit 
lacking the bitter flavor. This process was responsible 
for the five domesticated species which exist today. 
Domesticated squashes and pumpkins are grown mainly on 
small patches of farmland for local markets or home 
consumption* So > although these species are numerous, 
their presence is not felt in world trade circles (Whitaker 
1968).

With the worsening shortage of oil and protein in 
many countries, there is a growing interest in Cucurbita 
seeds as a potential food source* These seeds contain 
approximately 30% oil and 3 0% protein, and the yield per 
acre is comparable to other commercially grown oilseeds 
_CiFacks.f Hensahling, and Yatsu#. 1972).. The oil is rich in 
linoleic acid, the essential fatty acid for animals; the 
protein is mainly globulin which is deficient in lysine and 
the sulfur amino acids. By-product seed coats, making up 
20r-50% of the seed by weight, could become an important 
source of roughage, in feedlot rations. . The possible 
domestication of two feral species is currently being 
studied at The University of Arizona*

In this study, seed coats from the domesticated 
species and two feral species were examined, Whitaker



(.1968) has described the thred domesticated species, 
Cucurbita pepo (Pumpkin or Marrow) is an annual plant found 
in temperate regions of the world. Its stems are short and 
bushy, and its fruit are highly variable. Cucurbita maxima 
(Winter squash or Pumpkin) is an annual plant found in the 
temperate regions of the world. Its stems are of trailing 
habit, and its fruit are generally globular, Cucurbita 
ficifolla (Malabar gourd or Fig-leaf gourd) is a perennial 
plant found at high altitudes in tropical areas of Central 
and South America. Its stems are of trailing habit, and 
its fruit are as large as watermelons, Bemis and Whitaker 
(196 9.1 and Bemis et al. (1975) have described the two feral 
species, cucurbita foetidissima (Buffalo gourd, or Coyote 
meIon1 is a perennial xerophyte found in the dry regions 
of the western United States and adjacent Mexico, Its 
trailing stems radiate from a large tap root and produce 
small round fruit (pepos), Cucurbita digitata is an extreme 
perennial xerophyte found in southwestern United States and 
adjacent Mexico. It is otherwise similar to C . foetidissima 
except in leaf structure and certain other morphological 
aspects.

Seed Coats
Seed coats are essential for seed development and 

consist mainly of cell wall material. The hardness of seed 
coats offers mechanical protection from the environment



without impeding the absorption of water. This allows the 
seed to remain viable for a long period of time until the 
proper conditions for germination appear. Seeds of the 
feral species of Sjlcurbi ta, especially C, digit at a f do not 
readily germinate Under conditions considered optimal for 
the domesticated species (Jasim, 1964)„ This low germina
tion rate appears to be closely associated with the seed 
coat.

Cucurbita seed coats are composed of a complex 
system of structurally distinct layers (Esau, i960). The 
outer layer (epidermis) consists of a single layer of thin 
elongated cells bearing slightly lignified primary cell 
walls, and it is covered with a small amount of a waxy 
cuticular substance< The first subepidermal tissue consists 
of multiple layers Of collenchyma cells which contain living 
protoplasm and thick, cellulose walls with pectin and 
hemicellulose but very little lignin. Despite their 
function as a supporting tissue, the collenchyma cell walls 
have a considerable degree of plasticity. The next layer is 
a distinct Band of thick-walled cells known as sclerenchyma 
(stone cells), The thickness results from a high degree of 
lignification in their secondary walls. These cells, also, 
have no living protoplasm. Next to the sclerenchyma cells 
are. layers of parenchyma cells* consisting of thin,’slightly 
dignified cell walls which contain living protoplasm. The 
innermost layers of parenchyma cells contain many



7
chloroplasts, and they are known as chlorenchyma cells. The 
last layer is the inner epidermis, consisting of very thin 
primary cell walls.

Non-Cell Wall Components
Seed coats contain a small quantity of material that 

is not entangled within the cell wall. Cuticle’, composed 
of cross-linked polymers of polyhydroxy fatty acids, is 
located oh the outer seed coat surface (Geissman, 1968), It 
has the protective function of being resistant to micro
organisms, and appears to be impervious to water* Protoplasm 
contains many kinds of soluble substances (colloidal suspen
sions of polysacchorides, organic acids, proteins, and free 
Sugars 1 and organelles (mitochondria and chloroplasts)„ which 
are required for cell Viability.

Cell Wall Components
The cell walls of Seed coats consist of many 

cellulose fibers embedded in a highly Variable, continuous 
matrix of hemicellulose, lignih, extensih, and pectin.
These substances are closely associated by covalent bonds, 
physical entanglements, and secondary forces Such as Van det 
Waals forces and hydrogen bending* Thus-, a study of 
hemicellulose indirectly involves all the components within 
the matrix (Cutter, 1969; vigman and Horton, 1970) .



Cellulose« Generally, the most common compound 
occurring in seed coats is cellulose, a linear polysac
charide consisting of 300-3,000 l->-4 linked beta-D- 
glucopyranose residues. These chains aggregate through 
secondary forces to form fibers made up of approximately 
150 Cellulose chains (Brachet and Mirsky, 1961). The 
internal geometry of these fibers is not clearly estab
lished, but the structure is regular enough to be regarded 
as crystalline (Albersheih, 1975). The cellulose fibers 
are further organized into macrofibers. Within each fiber 
there are spaces between cellulose chains; within the 
macrofibers there are also spaces between the individual 
fibers. These intermoleCular and interfiber spaces are 
occupied predominantly by additional structural encrusting 
material, such as hemicellulose, lignin, extensin, and 
pectin, Also, due to ilttbibitional and capillary effects, 
the spaces contain water, Consequently, cellulose is the 
foundation of a highly ordered array of structural molecules 
within the seed coat (Knight, 1965).

Hemicellulose, A complex group of polysaccharides 
which are extractable from cell walls by alkaline solutions. 
Most of them are more soluble than cellulose, even though 
they are held in the complex cellulose matrix by abundant 
covalent bonds and mechanical entrapments (Pigman, 19571, 
Because of their high solubility, hemicelluloses may have a



role in the transport of water (Time11, 1965), They can 
vary in amount and kind, not only from plant to plant, but 
even from tissue to tissue within the same plant, They 
consist of acidic and neutral molecules, some of low 
molecular weight and some of such high molecular weight 
that they are not easily extracted even by strong alkaline 
solutions, Upon hydrolysis, hemicelluloses yield primarily 
xylose, arabinose, galactose, glucose, and mannose ...
(Muhlethaler, 1961) *

Xylans are the most common type of hemicellulose 
found in plants, and can comprise 15-3 0% of the dry weight 
of agricultural residues such as cereal straws and grain 
seed coats „ Xylans are linear polysaccharides of l->4 linked 
SetatdDtixylOpyranose residues with side chains of other sugar 
residues, particularly ii^arabihofuranose residues attached 
by l->3 linkages, and 4-0rmethyl-D-glucurohic acid residues 
attached by 1̂ -2 linkages (Northcote, 19.72) „ Xylans from 
dicotyledons are commonly distinguished by side chains of 
4^0 -rmethy 1 t-u -g lu cur On ic acid occurring approximately every 
tenth xylose residue, Other hemicelluloses common to seed 
coats are arabinogalactans and glucomannans (Whistler and 
Saarnio, 1957; Pigraan and Horton, 1970).,

Pectins, Aspinall (2970) refers to pectins as a 
complex group of polysaccharides containing mainly D- 
galacturonic acid with side chains of L-r-arabinofuranoses and
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D-galactopyranoses. Rapeseed seed coats contain pectins 
with 67% galacturonic acid, 9% L-arabinose, 3% D-galactose, 
and traces of other sugars (Aspinall and Jiang, 1974). 
Pectins have immense gelling power, and they are a common 
intercellular adhesive which unites the walls of adjacent 
cells# When many of the galacturonic acid residues are 
present as methyl esters, they are called pectinic acids? 
those low in ester groups are called pectic acids. Pectins 
are most abundant in soft tissues such as apples and the 
peel of citrus fruits, but they are present in only small 
amounts in seed coats and other structural material,

Lignin. Klason (18 97). advanced the view that 
lignin is a highly complex cross-linked aromatic polymer 
based on phenylpropane Units# 'The term lignin does not 
refer to a specific chemical Substance, but instead desig
nates a group of chemically similar high molecular weight 
amorphous polymers. The lignin content of seed coats is 
highly variable, ranging from 6-30% on a dry wet basis 
(Brachet and Mirsky, 1961), Lignin seems to be a hydro- 
phobic filler material that replaces water as the cell wall 
matures, and functions as a cementing agent by forming 
covalent bonds with hydroxyl groups of polysaccharides or 
proteins,

Extensin. This group of structural proteins con
tains large amounts of hydroxyproline and other amino acids



which can fonti covalent linkages with polysaccharides and 
lignin (Lamport, 197 0). The most probable linkage is an 
O-glycosidic bond between hydroxyproline and L- 
arabinofuranose. In addition, an ester bond is possible 
between an acidic amino acid and a sugar hydroxyl group, 
and Schiff base bonding between lysine and a reducing 
sugar can occur (Selvendran, 1975), Extensin may be part of 
the chemical basis for the cell wall plasticity needed for 
elongation of the cell wall during growth (Lamport, 196 9). 
Soybean seed coats contain 10% protein with high hydroxypro- 
line and glycine contents, a composition Similar to that of 
the animal structural protein collagen (Rackis et al., 1961). 
The finding that trichloroacetic acid extraction of soybean 
seed coats caused only a small loss in protein supports the 
structural protein idea. By working on tomato cell walls, 
Lamport (1969). showed that hydfoXyproline is present only in 
that tissue.

Hemicelluloses

isolation and Purification
In the cell wall of seed coats and other structural 

material, hemicelluloses are found closely associated with 
cellulose, lignin, and extensin. The presence of these 
materials presents an obstacle to the isolation and purifica
tion of hemicelluloses. There are three distinct problems 
in hemicellulose isolations the separation of a



hemicellulose fraction containing a minimum of contaminating 
material; the avoidance of chemical modification which can 
occur during isolation; the separation of homogeneous 
hemicelluloses from an isolated fraction. Usually non^cell 
wall material and pectins are extracted prior to hemicellu
loses . Solvents for extraction are chosen by keeping in 
mind, the phrase "like dissolved like." An azeotropic mixture 
of chloroform and methanol extracts both polar ahd non-polar 
lipids (Robinson, 1963).; when chloroform alone is used, the 
polar lipids may not be extracted. Eighty per cent ethanol 
extracts pigments and simple sugars (Altschul, 1958;
Buchala and Wilkie, 19741.

Hot water dissolves a wide variety of compounds of 
low molecular weight. It will also extract certain pro
teins, and hydrophilic polysaccharides such as starch 
(Robinson, 1963) and pectins (Jermyn, 1955; Whistler and 
Saprnfo, 19.57-Lt Virtually complete extraction of pectins 
can be made with dilute ammonium oxalate solution (Jermyn, 
1955; Aspinall and Jiang, 1974; Sabir, Sosulski, and Hamon, 
19.751. Unfortunately, this reagent may dissolve certain 
hemicelluloses, and Because Of their similarity to pectins 
in solubility and structural features, an alternative 
method Of separating non-cell wall material and pectins from 
cell wall material uses boiling neutral detergent (Van Soest 
and Wine, 1967).. However, this method gives no quantitative 
information about pectins or other components. None of



these methods will chemically modify the tightly packed 
cellulose fiber matrix.

Within the cell wall, hemicelluloses are closely 
associated with many non-carbohydrate molecules in a 
tightly packed structure. Generally, seed coats and other 
structural materials are delighified prior to alkali 
extraction in order to eliminate any contaminating lignin 
or extenhin (Whistler^ 1950; tfermyn, 1955; Pigman and 
Horton, 19701. in some investigations, alkali extraction 
has been done before and after delignification in order to 
get an estimate of closely and loosely associated hemi- 
celluloses (Time11, 1964; Bailey and Pickmere, 1975)*
Lignin interferes with the extraction of hemicelluloses by 
alkali for two reasonsj first, it blocks by entrapment or 
through covalent bonding the complete solution of the 
hemicelluloses; second, it dissolves in the extract, causing 
difficulty in purification. However, it is advantageous 
to be able to extract hemicelluloses before delignification, 
because all delignification procedures cause chemical and 
physical modification, and often lead to the loss of 
carbohydrate material.

The delignification procedures usually employed are 
the chlorite method GJermyn, 1955; Whistler and BeMiller, 
1963; Timell, 1964) and the chlorite-rethanolamine method 
(Time11, 1964)_. In using the former method, material is 
treated'repeatedly in a solution containing chlorine dioxide



at pH 4-5 and 60-80°C* In the latter method material is 
delignified by alternate treatments with chlorine in ice 
water and with ethanolamine in boiling ethanol« Both 
methods are oxidative, affecting not only the lignin, but 
also the polysaccharides to various extents. Delignifica- 
tion results in partial depolymerization of cellulose and 
hemicelluloses, an increase in the number of carbonyl and 
carboxyl groups in these polysaccharides, and with severe 
treatments, the appearance of degraded cellulose in the 
hemicellulose fraction. Polysaccharide degradation which 
occurs during the chlorite method is mote severe than that 
caused by the chlorine-ethanolamine method. Materials high 
in lignin are generally delignified more effectively By 
the chlorite method. Holocellulo'se which is the delignif ied 
polysaccharide material, usually has some lignin that cannot 
be removed. in practice, a test sample is delignified and 
checked at intervals for lignin content. So that the number 
of treatments required to reduce lignin to a low level can 
Be determined. in addition to lignin, most of the extensin 
is solubilized during the delignification process 
CSelyendran> Davies, and Tidder, 1975}_,

Although many hemicelluloses are water soluble after 
isolation, they are generally not easily extracted with 
water (Gould, 1971). A strong swelling agent like alkali is 
needed to open the tightly packed cellulose fiber matrix. 
Alkaline solutions cause rupture of hydrogen Bonds, allowing



the stacks of cellulose fibers to become accessible.
Whistler, Bachrach, and Bowman (1948) showed that solu- 
bility of hemicelluloses increases with increasing alkali 
concentration up to ten per cent. Solutions of higher 
alkali concentration extract only small additional amounts 
of hemicelluloses. Alkali extraction is normally carried 
out at or below room temperature under nitrogen. Under 
these conditions, any changes in the hemicelluloses brought 
about by alkali are considered to be minimal except for 
saponification. Alkali extraction may induce four reactions 
which will cause modification of hemicelluloses: saponifica
tion 'of partially acylated polysaccharides, chemical 
degradation initiated at the reducing end, alkaline 
hydrolysis of glycosidic linkages, cleavage of chemical 
bonds between hemicelluloses and other components (Pigman 
and Horton, 1970). Dimethyl sulfoxide will extract 
hemicelluloses without affecting the acetylated form, but 
this solvent Only dissolves certain hemicelluloses 
(Aspinall, 1970). '

On neutralisation of ah alkaline extract, a 
hem ice Hulose fraction designated "hemicellulose A w usually 
precipitates. It contains xylans Of high molecular weight 
with side chains of uronic acid and a small amount of 
arabinose. A second fraction called "hemicellulose Btf is 
obtained By addition of ethanol to the neutralized extract. 
It generally contains two types of hemicellulose of low



molecular weight: a linear xylan with side chains containing 
arabinose and uronic acid; a highly branched xylan rich in 
galactose.

There are no unambiguous criteria for purity of 
hemicelluloses, and there is no generally applicable method 
for evaluating the purification process (Bouveng and 
Lindberg, 1960). These substances usually occur in complex 
mixtures and must be carefully purified before any struc
tural investigations are practical. In most preliminary 
studies, there is the additional complication of hemi- 
cellulose association with various kinds of non-carbohydrate 
molecules through covalent bonding. Thus, hemicelluloses 
cannot be separated readily into pure components. Frac
tionation by changing solvent composition, pH, or tempera
ture is generally Used with these etude hemicelluloses to 
reveal molecular weight distribution (Whistler and Sannella, 
19.63; Richards and Whistler, 1973)..

Characterization t
Three types of information are needed for a pre

liminary evaluation of a hemicellulose: the size and shape 
Of the polysaccharide molecule; the configuration of the 
glycosidic linkage; the constituent monosaccharides of the 
polysaccharide. Information pertaining to the size and 
shape of a hemicellulose can be found by several methods, 
but the simplest and most widely used is the measurement of
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intrinsic viscosity. The type of glycosidic linkage is 
indicated by measurement of optical rotation. After 
hydrolysis, the hemicellulose1s sugar composition can be 
determined qualitatively by paper chromatography and 
quantitatively by gas liquid chromatography»

Viscosity, a measure of resistance of fluids to 
flow, is the basis for a method of comparing the sizes of 
hemicelluloses (Sannella and Whistler, 1962; Swenson, 1963; 
Percival, 1967,* Van Hdlde, 1971; Richards and whistler/ 
19.73)., Measurement is made of the specific viscosity, 
which is the difference between the viscosity of the 
hemicellulose solution and that of the solvent, divided By 
the viscosity of the solvent, at different concentrations. 
When the specific viscosity divided By the concentration is 
extrapolated to zero concentration, the resulting value is 
known as the intrinsic viscosity, In]. The intrinsic 
Viscosity of hemicelluloses is related to the volume and 
Shape of the space occupied By the molecules in solution.
The molecular weight (Ml is one factor in determining 
intrinsic viscosity, But the effect of other factors (such 
as solvent and stiffness of the hemicellulose chains) can 
Be included with reasonaBle accuracy in a constant (K), The 
equation for intrinsic viscosity is In] = KM.

Carbohydrates are optically active because they 
possess numerous asymmetric centers, if a polarized beam of 
light is passed through, an optically active material, the



plane of polarization is rotated, and this may be Observed 
with a polarimeter4' The angle between the original and 
final planes of polarization is known as the optical 
rotation. The. optical rotation of any sample depends upon
the wavelength of the light, the length of the light path,

. . <
the number of optically active molecules per unit length of 
light path, the temperature, the nature of the solvent, and 
the structure of the compound (Snyder, Frush, and Isbell, 
1962; Hendrickson, Cram, and Hammond, 1970). When the 
rotation is clockwise (dextrorotatory), the sign is positive, 
But if the rotation is counterclockwise (levorotatory) the 
sign is negative. In hemicelluloses, a positive sign has 
been correlated with an alpha glycosidic linkage and a 
negative sign with a beta linkage. The specific rotation is 
a common property measured for hemicelluloses (Anderson, 
Hechtman, and Seeley, 1938; Sannella and Whistler, 1962;

TBlake, Murphy, and Richarde, 19.71.; 'Richards and Whistlef, 
1973).,

The first step in determining constituent sugars of 
hemicellulose fractions is acid hydrolysis. According to 
Jermyn ■ (1955). and Pigman (1957) , complete conversion of a 
polysaccharide to constituent sugars is difficult because 
of slight decomposition to furfural compounds. However, 
under favorable conditions about 90% of the polysaccharide 
can be accounted for as monomeric sugar units,. The rate of 
hydrolysis is structurally dependent, with alpha glycosidic



19
linkages hydrolyzed more readily than Beta linkages. 
Hemicelluloses consisting of pentose units can be hydrolyzed 
in boiling three per cent sulfuric acid or nitric acid 
(Jermyn, 1955; Sannella and Whistler, 1962; Jukes, 1974). 
Stronger conditions are necessary for hexoses, Under these 
acidic conditions, any uronic aeids are usually liberated.

The constituent sugars can be tentatively identified 
by the mobility and color of their spots on paper 
chromatographs (Kowkabany, 1954). A solution of the 
substance to be separated is spotted on one end of a filter 
paper strip. An organic solvent containing water is caused 
to move along the paper by capillary forces. The paper, 
acting as a support, holds one phase (water-rich) stationary 
while the second phase (rich in organic solvent) moves over 
the first. During the operation of this countercurrent, 
liquid-liquid extraction process, the substances to be 
separated distribute themselves between the mobile and 
stationary phases according to their relative solubilities 
in each phase. , The value of the method lies in the ability 
to separate and identify the components of complex mixtures 
quickly, simply, and fairly accurately.

0as liquid chromatography gives more quantitative 
detail. Berry (19661 points out that sugars are polyhydroxy 
compounds and are insufficiently volatile for gas chromar- 
tography, but it is possible to make stable, volatile 
derivatives. Many derivatives have been studied, but the
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O-trimethyisilyl ethers can be prepared easily and quanti- 
tatively and are stable in use (Sweeley et al., 1963;
Brower, Jeffery, and Folsom, 1966; Wtlrst, Vancura, and 
Kalachova, 1974), This derivation is most commonly achieved 
by reacting sugars in pyridine With hexamethyldisilazane and 
chlorotriaethylsilahe according to the following equation;

3ROS+CCH3) 3SiNHSiCCH3)3+(CH3 )3SiCl -> 3R0Si (CH3) 3+NH^Cl

These derivatives give multiple peaks, because at 
equilibrium reducing sugars exist in anomeric forms. These 
multiple peaks may be a useful diagnostic tool, but they can 
also cause complications in the interpretation of the 
chromatogram.

The process of gas liquid chromatography (partition 
chromatography) involves the introduction of a sample into 
a column which contains a liquid phase on an inert support 
and through which a carrier gas is passed. The effluent is 
then passed through a sensitive hydrogen flame ionization 
detector which measures a variation in current caused by 
ionized sample vapor, The signal is amplified and recorded. 
An unknown may be identified By comparison of its retention 
volume with that of an authentic sample (Bishop, 1964).,



MATERIALS AND METHODS

Seeds

Source
Five species of Cucurbita seeds were obtained from 

Dr, William P, Demis, Department Of Plant Sciences, College 
of Agriculture, The University of Arizona. These species 
were from various climatic regions, Cucurbita foetidissima 
is a wide ranging perennial xerophyte found in the western 
United 'States and adjacent Mexico* Cucurbita digitata is a 
perennial extreme xerophyte found in the southwestern United 
States and adjacent Mexico* The other species are domesti
cated with C* maxima and C, pepo being temperate and C» 
ficifolia being tropical„

Physical Description
Seed appearance was described by color, shape, and 

margin characteristics. Seed dimensions were measured in 
duplicate for width and length. Duplicate sets of 100 seeds 
were weighed and an average weight calculated. Duplicate 
sets of ten seeds were broken apart by hand into seed coat 
and embryo, and the relative weight of each was determined.

21



Seed Coat Preparation 
In general seed coats were separated from embryos by 

hand. In the case Of C. foetidlssima and C. digitata, the 
seeds were ground in a Hobart seed grinder (corn #4 setting). 
Partial separation of ground material was made using a 
standard #10 sieve. Final separation was effected with a 
South Dakota seed blower* Seed coat materials were ground 
to -20 mesh C* 0331 in) with a Wiley mill (1/4 hp; 1725 fpm).

Seed Coat Analysis 
All analytical procedures were performed in 

duplicate.

Moisture Determination
Moisture determination (Church and Pond, 1974) was 

made gravimetrically by drying approximately 0.5 g of 
material in a forced-air oven at 110°C for 24 hr.

Ash Determination
Ash determination (Church and Pond, 19.74). was done 

gravimetrically by heating approximately 0,5 g of material 
in an elec-ric muffle furnace at 600°C for two hr.

Nitrogen and Crude Protein Determination
Nitrogen determination (Hawk, Oser, and Summerson, 

1954; Church and Pond, 1974) Was- performed on 40-50 mg Of 
material by the standard Kjeldahl method (micro). Crude



protein was calculated By multiplying the nitrogen value by 
the factor 6.25.

Lipid Extraction
Lipid extraction (Whistler and Gaillard, 1961; 

Robinson, 1963; Morrison, 1972) was done on original 
material contained in a cellulose thimble (.43 mm by 123 mm) 
plugged with glass wool« The sample was extracted in a 
Soxhlet apparatus with an azeotropic mixture of chloroform: 
methanol (2:1 y/y)_ for 15 hr. The sample was tried in a 
vacuum oven overnight at 506C , and the lipid content was 
determined from the loss of weight,

Lignin Determination

Sulfuric Acid Method. Lignin determination (Ritter 
and Barbour, 19351 was made by combining approximately 1 g 
of sample and 12,5 ml of 72% sulfuric acid in a rounds 
bottom flash. Aiter allowing the mixture to remain at room 
temperature for two hr, it was diluted to three per cent 
sulfuric acid with 275 ml of deionized water and refluxed 
for four hr. The mixture was filtered through a tared 
350 ml medium porosity Buohner funnel, and dried in ah Oven 
for four hr at 110°C. The lignin content was determined 
gravimetrically.

Acetyl Bromide Method. Lignin determination by this 
method (Johnson, Moore, and Zahk, 1961; Morrison, 1972)
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required measurement of the absorptivity of a standard 
lignin. Two authentic lignin samples (Black Spruce and 
Western Hemlock)'were available. An accurately weighed 
amount between 3.0-6.0 mg was combined with ten ml of a 
25% solution of acetyl bromide in glacial acetic acid in a 
30 ml test tube/ capped with a marble. The test tube was 
heated for 30 min#. with mixing every ten mihf in a 70°C 
water bath. On cooling, the mixture was transferred to a 
100 ml volumetric flask containing nine ml of 2N sodium 
hydroxide and 50 ml of acetic acid* Next, one ml of 7.5 N 
hydroxyiamine hydrochloride was added, and the solution was 
diluted to 100 ml with acetic acid* Absorbance was 
measured at 280 mm with a jPerkih-KElmer 202 spectrophotometer. 
The absorptivity of standard lignin (Ast) was calculated by 
the equation;

, _ absorbance of standard lignin 
s concentration (g/1)

Sample lignin was determined by using 10-50 mg, and 
the same procedure used for absorptivity was followed,
Sample lignin was calculated by the equation;

» lisain - ---g-I  I st-

y  =s volume of solution 
A = absorbance of sample . 
g = weight of sample 

Ast = absorptivity of standard lignin
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Amino Acid Analysis ,

Amino acids were determined by Longo1 s (.1976) 
method. Hydrolysis of the sample was performed by com
bining ten ml of 6 N hydrochloric acid and 50 mg of sample, 
in a 25 ml ampoule. The ampoule Was sealed with a rubber 
tubing device containing a stopcock. The sample was frozen 
in a dry ice-acetone mixture, and air was evacuated. It 
Was then warmed in water and feffozen before evacuating air 
again, Finally, it was flushed three times with nitrogen 
gas. The ampoule was sealed with an oxygen-gas flame and 
heated in an oven at 145°C for four hr and 15 min, The 
sample was evaporated to dryness on a rotary evaporator.
The dry residue was dissolved in 25 ml of citrate buffer, 
pH 2.2, and . 0.75 ml of that solution was used for ion 
exchange analysis in a Beckman Model 121 automatic amino 
acid analyzer (Zacharius and Talley, 19621. Amino acids 
as per cent of protein were determined by comparison with 
standards, s

Hemicellulose Preparations 
All procedures were done in duplicate,

■ i .

Non-Cell Wall Component Extractions

Boiling Neutra1 Detergent Method, Neutral detergent 
extraction (Van Sbest and Wine, 1967,* Church and Pond, 1974) 
was done with an aqueous solution containing 30 g sodium
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lauryl sulfate; 18.6 g disodium dihydrogen ethylenediamine 
tetraacetic acid dihydrate; 6.8 g sodium borate decahydrate, 
reagent grade; 4.6 g disodium hydrogen phosphate, anhydrous, 
reagent grade; 10 ml of 2'-ethoxyethanol, purified grade,
With a pH range 6.9-7.1, Approximately 20 g of C. 
foetldisslma seed coats and one 1 of neutral detergent 
solution, in a two 1 round-bottom flask, was refluxed for 
one hr. Oh cooling, the mixture was filtered through a 
tared 35 0 ml coarse porosity Buchner funnel. The residue 
was washed three times with deionized water, three times 
With acetone, and was dried in a vacuum oven at 50°C over
night. The loss in weight represented solubilized non-cell 
wall components.

Sequential Extractions Method. First, extraction by 
80% ethanol (Robinson, 1963; Siddiqui and Wood, 1971; 
Cerning, Saposnik, and Guilbot, 19751 was performed on an 
accurately weighed lipid-free sample of 10-20 g combined 
with 200 ml of 8 0% ethanol in a Sorvall omni-mixer. The 
mixture was agitated for one min and allowed to stand for 
one hr. It was filtered through a tared 350 ml coarse 
porosity Buchner funnel and dried in a vacuum oven overnight 
at 50°C, The filtrate was evaporated to dryness in a rotary 
evaporator, and the extracted material was determined 
gravimetrically. The identity of extracted sugars was 
determined by paper chromatography.
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Second, extraction by boiling water (Robinson, 1963; 

Sabir et al., 1975) was done on an accurately weighed 80% 
ethanol extracted sample using 3 00 ml of deionized water.
The mixture was boiled for 3 0 min. After cooling, the . 
sample was agitated in an omni-mixer for 30 sec and boiled 
for another 3 0 min* The mixture was then filtered through 
a tared 35 0 ml coarse porosity Buchner funnel and dried 
overnight in a vacuum oven at 50°C. The filtrate was 
evaporated to dryness in a rotary evaporator, and the 
residue was weighed. A portion of the residue was re
dissolved in water and tested for starch with iodine- 
potassium iodide test solution.

Cell Wall Component Extractions

Extraction by Ammonium Oxalate Solution * ( Jermyn, 
19.55; Aspinall and Jiang, 1974; Sabir et al., 197,5). An 
accurately weighed sample, previously extracted with. Boiling 
water, ranging from 10-20 g was combined with 300 ml of 0*5% 
ammonium oxalate. The mixture was heated for 3 0 min at 
7Q-80°C, After cooling, the mixture was agitated in an 
omni-mixer for 30 sec and heated again at 70-80°C for 30 
min. The mixture was filtered through a tared 350 ml 
coarse porosity Buchner funnel, and the residue was dried 
overnight in a vacuum oven at 5Q°C, Ethanol was added to 
the filtrate to give a mixture containing 50% ethanol which 
was allowed to stand overnight in a refrigerator. After



28
decanting, the remaining suspension was spun in a Sorvall 
Superspeed RC2-B centrifuge at 8,000 rpm for 20 min. The 
centrifugate was dried for four hr in a vacuum oven at 50°C 
and weighed;

Extraction by Potassium Hydroxide Solution Prior to 
Del'ignification. Alkali extraction prior to delignification 
(Time11, 1964; Bailey and Pickmere, 1975) utilized a -40 
mesh (,0165 in), sample which had been previously extracted 
with ammonium oxalate. The sample was mixed with 100 ml of 
oxygen-free ten per cent potassium hydroxide per five g of 
sample in a 250 ml centrifuge bottle. • The mixture was 
shaken for 18-24 hr, centrifuged at 8,000 rpm for ten min, 
and filtered through a 350 ml coarse porosity Buchner funnel. 
The residue was washed three times with 95% ethanol and 
three times with acetone. Moisture and crude protein were 
determined by described methods, The filtrate Was cooled 
in an ice bath and hemicellulose A fraction was precipitated 
upon acidification to pH 5 With 50% acetic acid. The 
hemicellulose A fraction was collected by centrifuging at
8,000 rpm for 15 min. The supernatant solution remaining 
after hemicellulose A separation was diluted with three 
Volumes of 95% ethanol in order to precipitate the 
hemicellulose B fraction, That fraction was collected by 
centrifuging at 8,000 rpm for ten minutes, Both hemi
cellulose fractions were washed three times with 95%
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ethanol, three times with acetone, and dried for 4 hr in a 
vacuum oven at 5 0°C. Moisture and crude protein were 
determined by described methods.

Delignification. Delignification (Jermyn, 1955; 
Whistler and BeMiller, 1963) Was carried out by combining 
an alkali-extracted sample with 100 ml of deionized water 
and two ml of decahydronaphthalene (decalin) in a 250 ml 
Erlenmeyer flask. The mixture was heated in a water bath 
maintained at 70-75°C, and nitrogen gas was bubbled through 
the solution to displace chlorine dioxide gas formed. 
Increments of 0.1 ml acetic acid and 0.2 g sodium chlorite 
per g of sample were added every, 30 min. ' Cucurbita 
foetidissiroa was tested at intervals to estimate the number 
of treatments required to reduce the lignin content to a low 
Value, and 9.5 hr was chosen as a suitable reaction time. 
After cooling the reaction mixture was centrifuged at 8,000 
rpm for ten min, and the residue (holocellulose) was washed 
three times with 95% ethanol, three times with acetone, and 
dried four hr in a vacuum oven at 50°C1 Moisture and crude 
protein were determined by described methods, and lignin 
content was determined by the acetyl bromide method.

Extraction by Potassium Hydroxide Solution After 
Delign'i'fication. Postdelignification alkali extraction 
(Whistler et al., 1948; Jermyn, 1955; Sannella and Whistler, 
1962; Aspinall, Hunt, and Morrison, 1966; Blake et al,,



30
1971; Donnelly, Helm, and Lee,' 1973) was effected with the 
procedure used for alkali extraction prior to delignifica- 
tion.

Hemicellulose Analysis 
All analytical procedures were done in duplicate.

Reprecipitation
Reprecipitate (Whistler and Gaillard, 1961; Sannella 

and Whistler, 1962; Blake et al., 1971) was carried out on 
all hemicellulose fractions by dissolving in oxygen-free 
ten per cent potassium hydroxide. Hemicellulose fraction 
Was precipitated upon acidification and addition of ethanol. 
Reprecipitation was repeated three times.

Removal of Protein
Protein was removed by the Sevag method (Fisher and 

Percival, 1957; Staub, 19631 in which a mixture of 25 
yolumes of an aqueous solution of hemicellulose, five 
volumes of chloroform, and one volume of 1-butanol was 
shaken for 30 min. The solution was then centrifuged at
8,000 rpm for 20 min, and the aqueous phase was separated 
from the organic solvent phase. This process was repeated, 
and the hemicellulose was precipitated by acidification and 
addition of ethanol.
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Optical Rotation

The measurement of optical rotation (Whistler and 
Lauterbach, 1958; Sannella and Whistler, 1962; Pasto and 
Johnson, 1969; Blake et al., 1971; Richards and Whistler, 
1973) was accomplished with a 0.3-0.5% aqueous solution of 
hemicellulose at 25°C. A Rudolph Research Model 90 
polarimeter with a sodium D line (587 nm) light source was 
used. The Specific, rotation was calculated as follows:

rnl temp Jo] .
D 1 x C

[o] temp _ specific rotation
laj = observed rotation

1 = length of light path in dm
C = concentration g/ml

Viscosity
The measurement of viscosity (Whistler and 

Lauterbach, 19.58; Whistler and Gaillard, 1961; Swenson,
19631 was made with i> 0%. aqueous Solution of hemicellulose
at 25°C. Five ml were transferred to an Ostwald-Cannon—
Fenske viscometer (capillary diameter 0.35 mm).. The 
viscometer was rinsed with acetone and dried after each 
trial. Flasks, how containing 20 ml, were diluted to 25 ml 
and shaken prior to withdrawing the second five ml aliquot. 
At least four dilutions and measurements were made in this 
manner.



Fractional Precipitation
The procedure for fractional precipitation 

(Whistler and Lauterbach, 1958; Whistler and Sannella, 1963) 
required dissolution of about 0.2 g of hemicellulose in ten 
ml of deionized water. Precipitation was made in 5 0 ml 
centrifuge tubes by adding 100% ethanol in one ml aliquots. 
After each addition, the tube was shaken and allowed to 
stand for five minutes, Precipitate was collected toy 
centrifugation at 8,000 rpm for 10 mih. Precipitate was 
dried for four hr in a vacuum oven at 50°C, and weighed.

Chromatography

Hydrolysis (Berry, 1975)* Hemicellulose was 
hydrolyzed by combining 50-100 mg with one ml of 72%
Sulfuric acid in 50 ml round-bottom flasks, and letting the 
mixture stand at room temperature until Solution occurred. 
The mixture was then diluted to 3% sulfuric acid and 
refluxed for 8-12 hr. After neutralization with solid 
barium carbonate, the mixture was filtered to give a clear 
solution Which was treated with a cationic exchange resin 
and refiltered. The solution was evaporated to dryness, 
and the residue was dissolved either ih 0,5 ml of water for 
paper chromatography, or 1,0 ml of anhydrous pyridine for 
gas chromatography,
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Paper Chromatography. • Paper chromatography 

(Kowkabany, 1954) of sugar solutions was done in the 
descending manner using two different solvent systems 
(ethyl acetate; pyridine: water, 8:2:1 v/v, and ethyl 
acetate: acetic acid: water, 9:2:2 v/v), Twelve loops of 
sugar solution were placed on a Whatman No, 1 filter paper 
strip (23 cm by 57 cm), and the Chromatographic process was 
allowed to proceed at least 18 hr. After drying, the paper 
Strip was Sprayed with a solution of aniline hydrogen 
phthalate and developed by heating in an oVen at 110°C for
15 min. Sugars were identified by comparison with standards.

6aS Liquid Chromatography, Analysis of sugars by 
gas’-liquid chromatography (Sweeley et al. , 1963; Brower et 
al, , 1966; Dutton, 1973) was carried out on a Beckman GC-5 
chromatograph employing coiled stainless steel columns 
(six ft by 0. 25 in); packed, with three per cent .SB-30., on Gas 
Chrom Q (80-100 mesh) (Applied Science Labs, State College, 
Pennsylvania). Flow rates were as follows: air, 300 ml per 
min; nitrogen, 40 ml per min; and hydrogen, 25 ml per min. 
The column was programed to rise from 100°C to 250°C in
16 min, with an injection port temperature of 210°C and a 
detector temperature of 26 0°C. Sensitivity was achieved by 
setting the electrometer at range one and attenuation at
5 .x 104, Inositol was used as an internal standard.



34
Trimethylsilyation of sugars present in a hemi- 

cellulose hydrolysate and inositol was effected by com
bining one ml of anhydrous pyridine containing approximately 
10 mg sugar with 0,2 ml of hexamethyldisilazane and 0.1 ml 
of trimethylchlorosilane. The mixture was shaken vigorously 
and allowed to stand at least five min before injecting 
25 pi into the chromatograph. Peak areas were determined 
by 1/2 base x height.



RESULTS AND DISCUSSION

. Physical Description
Cucurbita seeds showed great variation in appearance,; r •

size, weight, and weight ratio of seed coat to embryo (SC:E)
(Table 1). v However, the feral species were Similar in these
properties, It may be significant that C. digitata had the 
highest SC;E, 48; 52* This species,, being an extreme 
jcerophyte, may receive additional protection from its 
environment in this way. Alsof the high SC;E may be an 
influential factor in the low germination rate of this 
species *

Preliminary Seed Coat Analysis 
Cucurbita seed coats were analyzed initially for 

ash, proteinf lipid, lignin, and total carbohydrate in order 
to observe the effect of the subsequent steps in the extrac
tion process, Analytical results are presented in Table 2, 
along with data for previously studied seed coats from other
sources, Cucurbita ash contents were lower than those of
other seed coats, and they were variable, with CL maxima 
being much lower (0*2%) than the other species. Cucurbita 
seed coats showed extremely high crude protein values, 
ranging from 14(5% for C* maxima to 24*9% for CL ficlfolia. 
The lipid values of-Cucurbita seed coats were highly
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Table 1. Physical description of Cucurbita seeds.

Species. . Description
Dimensions

(mm)
100 seed

(g) SC:E

C,. foetidissima tan white; flat; 
entiated margin

smooth, undiffer-
5 by 9 3,7 39:61

C, digitata tan white; flat; 
entiated margin

smooth, undiffer-
5 by 9 5.3 48:52

C . maxima light tan white; 
.white margin

flat; smooth.
10 by 16 28, 5 36; 64

C . pepo tan white; flat; raised, well dif
ferentiated margin 8 by 10 8.3 21:79

C, ficifolla coal black; flat; raised, well, difv- 
ferentiated margin 12 by 17 20,1 25:75



Table 2. Chemical analysis of seed coats of Cucurbita and other sources.3

Source
Ash
C%1

Crude Protein
C%)

Lipid
C%)

■ . . bLignrn
(%)-

Total carbohydrate

C. foetidissima 1.1 17.3 5.4 2 9,2 ot>
.

, 
-i

C, digitata 2.1 18.2 8.6 26.0 45.1
C, maxima 0.2 14.2 0.4 25.1 59.8
C, pepo 1,2 23.7 1.1 17.6 57.4
C, ficifolia 1. 6 24.9 6.9 30.2 - : 37.4
Soybean^ 4,2 12,4 2,8 6.5 74.1
Sunflower 2,4 3,9 3.8 27,8 63.1
Almond^ 6.5 . 4.2 2.4 6.0 80.9

■ d Rice. 19. 9 3.1 0.9 21.4 54,7
0Cottonseed..... 3,2 . 5, 4 . 1,6 . 21.8 68.0

^Data are reported on a dry weight basis, 
^Sulfuric acid method,
CBy difference,
^National Academy of Science Cl9721, 
eHale et al, (19691,
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variable , ranging from 0.4% for C. maxima to 8.6% for C. 
digitata. The temperate species showed the lowest lipid 
values. The high lipid content of C. 'digitata may be due 
in large part to cuticle tissue, which could impede water 
absorption by the seed coat and interfere with the germina
tion process. The lignin contents were high fqr all 
Cucurbita seed coats, ranging from 17.6% for C, pepo to 
30.2% for G. fIcifolla. High lignin content was also common 
to seed coats of sunflowers, rice, and cotton, while 
soybeans and almonds showed low values. The total carbo
hydrate content, which was obtained by difference, was
generally somewhat lower for Cucurbita Species than for

- 'others.
The amino acid compositions of Cucurbita and other 

seed coat proteins are shown in Table 3. The data showed 
relatively low values for essential amino acids in all these, 
materials. These low values would not be a serious dis
advantage where seed coats constitute a significant portion 
of a ruminant diet, because rumen microorganisms have the 
ability to utilize inadequate protein in the synthesis of 
adequate protein (Altschul, 19581.

Cucurbita seed coat proteins were found to contain 
a large amount of glycine, a characteristic of structural 
proteins like extensin and collagen. Also, the data showed 
substantial values for amino acids which are known to form 
bonds with structural polysaccharides. These included:



Table 3. Amino acid content of Cucurbit a seed coats: and other sources.a

Amino acids
C.

foetidissima • c,■ digitata
C.

. maxima
C.

pepo
c.

f icifolia.
Soybean 

seed 
. coats

Rice-
Branc

Lysine 7.7 5.3 5.0 7.3 7.5 7.1 6.3
Histidine 2.6. 3.1 3. 2 2.6 5.4 2,5 3. 3
Arginine 9.3 13.2 3,7 6,4 2.7 4.4 7.6
Aspartic acid 
-f- Hydroxyp r o 1 in e 12,5 11.4 9.2 9. 8 11,4

Aspartic acid r - .T ' T'— TTT*' T"— 10,1 9,2
Hydroxyproline T"—' 7. 6 9,5
Threonine 1,1 2.1 0.5 1.0 0.4 3.7 5.1
Serine 3,3. 3.0 1.3 2.1 2.6 7.0 5.8
Glutamic acid 15,1 17.4 9. 0. 9,1 10,8 8.7. 15.3
Proline 2.5 1,2 0,5 1.2 0.7 5.8 4.9
Glycine 14,2 9,6 ii,9 : 10.1 20.6 11.1 11,8
Alanine 1,8 3.1 1.2 2.5 1.6 4.0 6.9
Valine 2,0 3,7 1, 0 1,8 1.3 4.6 2.7
Methionine 0.6 1.3 0.3 0.5 0.3 0,8 1.5
Geoleucine . 1,5 3,2 0.7 .. 1-5 0.7 3.8 1.6
Leucine 2.5 5,3 • I, 0 ■ ; 2.7 1.0 5.9 3.3
Tyrosine 6. 6 5 „ 0 6,9 " 5.3 12.0 4.7 1,4
Phenylalanine 1,4 3,2 0,5 1.7 0. 6 3.2 1.2
.Cysteine . .0,5..... . . 0,1 T--rr . 1.7 2.7

O
aData are reported as % of protein. 
^Rackis et al. (1961),
CYamagishi, Matsuda, and Watanobe (1975).
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lysine, which can form a Schiff base with.,-potential carbonyl 
groups; aspartic acid and glutamic acid, which can form 
esters with hydroxyl groups; hydroXyproline, which can form 
a glycosidic bond with potential carbonyl groups (Lamport, 
1970).. The amino acid analysis failed to separate aspartic 
acid from hydroxyptoline, and the values shown undoubtedly 
reflect the sum of these amino acids. These results ■ 
suggested that much of the seed coat protein is structural.

Non-Cell Wall Components 
Two methods were considered for the removal of non

cell wall components. The boiling neutral detergent method 
was tested only with C. foetidissima. This process proved 
undesirable, because it removed not only non-cell wall 
components, but also some pectin and protein from the cell 
wall. Consequently, the sequential extractions with 80% 
ethanol and boiling water were Used in order that non-cell 
wall components could be measured (Table 4)„

The 80% ethanol extracts had low values? C„' 
foetidissima was lowest (0.9%), and C, digitata was highest 
(2,2%). Paper chromatography revealed that sucrose was the 
only free sugar common to all Cucurbita seed coats. The 
values for boiling water extracts were variable, ranging 
from 7,4% for C. digitata to 1.5% for C. maxima. Cucurbita 
digitata was the only species which showed protein extrac
tion in this step, a result which also suggests that most of



Table 4. Sequential, extractions to remove non-cell wall, material and pectin.

80% Ethanol Boiling Water Ammonium Oxalate, 0.5%

Species

Amount
Extracted

C%1
Ratio of Free 

Sugars*3

Amount
Extracted

(%)

• .Residue 
Crude Protein 

(%)

Amount
Extracted

(%)

Residue 
Crude Protein 

(%)

Ct foetidissiiaa- 0-9 A S ;Suer;Glue:Fruc 
C12;4il:ll 2,7 20,4 1.0 22,6

C^'Mg'ftata ' ' 2.2 AS:Suer:Glue:Fruc
(_3 ; 5 ; 1; 11 7,4 12.6 1.2 17.0

f1" . Ts a-x 1775a 1.3 Suer 1,5 1716 — 17,5

C. pepo 1.2 Suer:Glue:Fruc
(2:1:1) 6. 0 26.6 1,7 27.7

C» ficifolia 1.8 AS:Suer (2:1) 5.9 27.7 5,3 28,3

- aData are reported on a dry weight basis,
bAbbreviations: AS = Acid Sugars, Suer = Sucrose, Glue = Glucose, Fruc — Fructose, Arab = 

Arahinose, Man = Mannose, Xyl = Xylose, Gal = Galactose,
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the protein present in Cucurbita seed coats was associated 
with the cell wall structure. By the use of the iodine- 
potassium idodide test, starch was shown to be absent in all 
water extracts, Cucurbita digitata contained the largest 
amount of non-cell wall material, a property which could 
enhance its value for ruminant feed.

Cell Wall Components
The amount of pectin extracted by ammonium oxalate 

solution was found to be variable (Table 4). All pectin 
hydrolysates showed only galacturonic acid by paper 
chromatography (Table 9, p . 5,6) .

Cucurbita samples were extracted with alkali solu
tion prior to delignification in order to remove the 
hemicellulose and protein which were loosely associated with 
the cell wall matrix (Table 5), On acidification of indi
vidual alkaline extratits, hemicellulose A was precipitated 
in variable amounts; ranging from 1.1% for C,xpepo to 5*1% 
for C. digitata. Contaminating crude protein in these 
precipitates ranged from 6.2% for C. maxima to 59.2% for 
C. pepo. Hemicellulose B, which was precipitated with 
ethanol, was the larger and less contaminated fraction. It 
ranged from 3,4% for C. pepo to 7,3% for 0. maxima, while 
crude protein ranged from 4.4% for C. digitata to 35.5% 
for C. pepo, Cucurbita digitata and C, maxima were found 
to Contain 10,7% and 11,5% loosely associated hemicelldlose,



Table 5. Potassium hydroxide extraction, prior to delignification.3

Hemicellulose A Hemicellulose B Residue Crude
"D v* 4—

Amount
Extracted

C%L
Crude

Protein
£%1

Amount
Extracted

C%I
Crude

Protein
C%), . Species.

Starting
C%)

Extracted 
■ (%)

C. foetidissima 1,4 23. 0 4.6 10,2 22.6 13.7
C, digitata 5,1 11.2 5, 6 4.4 17.0 9.9
C. maxima 4,2 5,2 7.3 7,0 17.5 11.9
C, pepo 1.1 5 9,2 3,4 35,5 27,7 17.1
C, ficifolia 2,1 40,9. 5,0 13,4 . 28,3 25.3

aData are reported on a dry weight Basis,
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a readily accessible material for rumen microorganisms 
(Bailey and Pickmere, 1975).

The Sevag method of removing protein was used in the 
purification of both hemicellulose fractions. Only a small 
amount of protein could be removed, a result which suggested 
covalent bonding between the protein and hemicelluloses. 
Analytical evaluation of predelignification hemicellulose 
was limited to chromatography.

Gucurbita foetidissima whs used as a pilot material 
to establish,suitable experimental conditions for delignifi- 
oation (Figure .1 )„. Based on that experiment, all samples 
listed in Table 6 were delignified for 9.5 hr. The residual 
lighin content was low in the holocelluloses of feral 
Species, but the lignin of domesticated species was found 
to be more resistant to removal, especially that of Cy pepo. 
Delignification reduced the crude protein value to low 
levels in all holocelluloses, thus eliminating a source of 
contamination in the postdelignification hemicelluloses.

Gucurbita holocelluloses Were extracted with alkali 
solution in order to remove hemicelluloses that were closely 
associated with cell wall polymers (Table 7). The post
delignif ication hemicellulose fraction is not readily 
available to the ruminant without prior processing by steam 
or alkali, On acidification, only C. digltata provided a 
hemicellulose A fraction. Hemicellulose B fractions were 
isolated from all species by precipitation with ethanol in
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Figure 1. Test delignification of C. foetidissima seed coats.—  — —    >£>
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"3.Table 6. Chemical analysis of samples before and after.delignification.

Before Delignification. After Delignification

Species
_  . . bLrgnzn■c%r Crude Protein 

(%]
Lignin^

(%)
Crude Protein 

(%)

C r foetidissima 35, 0 13,7 3.7 0. 2
C, digitata 39,4 9.9 3.8 0.2
C. maxima 29,1 11,9 8,7 0,5
C, pepo 21,6 17.1 11,2 1 , 9
C. ficifolia 38,1 25.3 6.3 1.1

^Data are reported on a dry- weight basis. 
^Acetyl bromide method.



0;Table 1. Potassium hydroxide extraction after delignification.

Species

. Hemicellulose A Hemicellulose B
Residue .■

Crude Protein Lignin
Amount
Extracted.

C%I

Crude
Protein

C%1

Amount.
Extracted.

C%I

Crude
Protein

C%1
Initial

(%)
Extracted Initial Extracted

C%) (%) (%)

C* foetidissiisa "r- 5 . 2. . 1.4 . ' 0.2 0.1 3.7 2.8.

C- digitata 1.5 1,4 3,0 ■ Q. 6 0,2 0.2 3.8 2.9

C. maxima 5,3 1.8 0.5 0.1 8,7 3.4

Ct pepo 4,9 6,3 1,9 0.0 11.2 17.5

C\ ficifolia 6,5 5,6. 1,1 0,0 . , 6,3 . 8,4

9Data are reported on a dry weight basis.



amounts ranging from 3.0% for C, digitata to 6.6% for C. 
ficifolia. These fractions were very low in protein except 
for C. pepo 14.9%) and £„ ficifolia (6.6%). All fractions 
were reprecipitated three times, but little change occurred 
in crude protein levels. Cucurbita foetidisslmar C . 
digitata, and C« maxima showed a small loss of lignin 
during alkali extraction, While d. pepo and C* ficifolia 
showed none. Sugar constituents, optical rotation, 
intrinsic viscosity, and molecular weight distributions 
Were determined for these hemicellulose B fractions (Tables 
10, 11, 13, pp. 57, 58, 61* Figures 2-6).

Chemical Composition of Seed Coats 
, The overall chemical compositions of Cucurbita and 

other seed coats are compiled in Table 8. Generally, 
Cucu'rbita seed costs were lower than other seed Coats in 
total hemicellulose and cellulose. An exception was Ch 
maxims Which Was similar to cotton and sjunflower. Cucurbita 
pepo had the lowest total hemicellulose content of any 
seed coat listed. Cucurbita digitata was Unique in having 
the highest proportion of hemicellulose A to hemicellulose 
B among the Cucurbita. This property may have a bearing on 
its germination characteristics, .

Hemicellulose Analysis 
The predelignification hemicellulose fractions, both 

A and B, from Cucurbita Were found to contain relatively
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cLTable 8. Chemical composition of Cucurbita seed coats,

S o u r c e
A s h
(%)

P r o t e i n
(%)

L i p i d

(%)
L i g n i n ,

(%)

80% E t h a n o l  B o i l i n g  
E x t r a c t i o n  W a t e r  

(%) (%)
P e c t i n

(%)
H e m i c e l l u l o s e

.

: A* H e m i c e l l u l o s e  

(%)

C e l l u l o s e

(%)

T o t a l

(%>

C .  f o e t i d i s s i n t a 1 . 1 1 7 . 3 5 . 4 2 9 . 2 0 . 9 2 . 7 1 . 0 1 . 1 . 9 . 3 2 6 . 0 ■ 9 4 . 0

C .  d i g i t a t a 2 . 1 1 8 . 3 8 . 6 2 6 . 3 2 . 2 7 . 4 1 . 2 6 . 0 8 . 4 2 2 . 1 1 0 2 . 6

C .  m a x i m a 0 . 2 1 4 . 5 0 . 4 2 5 . 1 1 . 3 1 . 5 — • 4 . 1 1 1 . 9 3 9 . 4 9 8 . 4

C .  p e p o 1 , 6 2 4 . 9 1 . 1 1 7 . 6 1 . 2 6 . 0 1 . 7 0 . 5 6 . 9 2 8 . 2 8 9 . 7

C .  f i c i f o l i a 1 . 2 2 3 - 7 6 . 9 3 0 ,  2 1 . 8 5 . 9 5,3 1 . 2 1 0 . 5 2 7 . 6 1 1 4 . 3

S o y b e a n 0 4 . 2 1 2 . 4 2 . 8 6 . 5 — ' ■— T~ 1 0 . 6 6 . 0 4 9 . 8 9 2 . 3

R i c e 0 1 9 . 9 3 . 1 0 , 9 2 1 . 4 — — 21.4 4 2 . 2 1 0 8 . 9

C o t t o n s e e d 0 ' 0 ^ *  . 3 , 2 5 . 4 1 . 6 2 1 , 8 —, 2 1 . 0 3 5 . 0 8 8 . 0

S u n f l o w e r 0  # ^ 2 . 4 - 3 . 9 - . 3 , 8 2 7 . 8 5 . 8 3 - 7 2 . 6 1 6 . 0 3 9 . 0 1 0 5 . 0

a D a t a  a x e  r e p o r t e d  o n  a  d r y  w e i g h t  b a s i s . 

^ C o r r e c t e d  f o r  p r o t e i n .

^ N a t i o n a l  A c a d e m y  o f  S c i e n c e  ( 1 9 7 2 ) .  

^ S a n n e l l a  a n d  W h i s t l e r  ( 1 9 6 2 ) .  

e H a l e  e t  a l .  ( 1 9 6 9 )  ,

f
F i g m a n  ( 1 9 5 7 ) . .

^ S a b i z r  e t  a l .  ( 1 9 7 5 ) . .
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large amounts of associated protein, despite careful sequen
tial purification prior to their isolation. The associated 
nature of this contaminating protein was confirmed by the 
failure of the Sevag method to separate the hemicellulose 
and protein. Thus, these fractions were found to consist of 
complex mixtures of heterogeneous polymers, and analytical 
evaluation of them was restricted to chromatographic estima
tion of constituent sugars.

Qualitative paper chromatography revealed that all A 
fractions were similar and contained xylose, glucose, and 
acidic sugars in about the same ratio (Table 9)_ „ The con
sistent occurrence of glucose in these A fractions was 
unusual, because such fractions generally consist of xylans 
with uronic acid or arabinose side chains, The presence of 
glucose in these polysaccharides and the unusual amount of 
associated protein suggested that glucose units served as 
preferential sites for protein bonding. .

Chromatographic analysis showed that the B fractions 
contained predominantly xylose With variable amounts of 
arabinose, glucose, galactose, and mannoSe (Tables 10, 11). 
These data suggested that pre- and postdelignification B 
fractions were composed of several complex heteroxyIans, 
Similarity in B fractions in pre- and postdelignification 
hemicellulose suggested no difference in basic composition 
of hemicelluloses in the cell wall. Sequential extraction 
provided fractions (pre and post) with substantial



Table 9. Paper, chromatographic data for pectins, hemicellulose and cellulose.

Species Pectins Hemicellulose A Cellulose

C. foetidisslma galacturonic . Xy1:Glue:AS (2.011.0:1.5) Glue
acid "

C. digitata galacturonic Xyl?Gluc:AS (d.0:1,0:1,3) Glue
acid

C, maxima galacturonic Xyl;Glue:AS [1.0:1,0:1,31 Glue
acid .

C, pepo galacturonic Xyl;Glue:AS [1.0:1,0:1,31 Glue
acid

C. f'ic'ifolia ' galacturonic Xyl:Glue:AS [1. 0 :1, 0 :1. 31 . Glue
' '• ' ' ■ acid.
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Table 10 * Paper and gas liquid chromatographic analysis of 

predelignified hemicellulose B ,

Species Analysis xyl Glue Gal Man Arab

C, foetidissima PC3,
GLC

6.0 3,0 1.0
■ — ^

C. digitata PC
GLC

6*0
24.2 .

. 1.0 
1,0

1.0
1.3

1.0
1.0 13.5

C * maxima PC
GLC

5 .  0 2.0 2,0 1,0

C , pepo PC
GLC

O 
CM

 ̂
OD :—1

2.0
15.1

2,0
5.4

1.0
1.0

1,0
2,2

C. ficifolia PC
GLC

4,0
10,7

2.0
7.7

2.0
5.9

1,0
1.0

1.0
3.7

aPC = Paper chromatography* 
bGLC *= Gas liquid chromatography.
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Table 11. Paper and gas liquid chromatographic analysis of 

postdelignified hemicellulose B.

Species Analysis . Xyl . ' Glue .. Gal Man Arab

C. foetidissima PC
GLC

6.0
19.2

1.0
2.0

1.0
1.3

' 1.0 
1.0 6.7

C. digitata PC
GLC

6.0
7.0

1,0
1.8

1.0
1.0

1.0
1.0 5.2

C. maxima PC
GLC

10,0 
22, 9

4.0
3,5

4,0
1.5

1.0
1,0

1.0
2.3

Ch pepo PC
GLC

6,0
12.3

1,0
11.3

1,0
2.0

1.0
1.0

1.0
6.7

C. ficifolia PC
GLC

6.0
49,3

1.0
13,8

1.0
4.9

1.0
1,0

1.0
7.9
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differences in protein content, a result which reflected 
physical accessibility of a portion of the protein- 
hemicellulose complex. That part not extracted before 
delignification was protected by lignin and apparently 
became accessible as lignin was solubilized. The delignifi-• 
cation reagents disrupted the hemicellulose-protein associa
tion, and most of the protein was lost. The results of this 
work suggested that there was one complex proteinaceous 
hemicellulose involved in seed coat cell wall structure, 
part of which was accessible to an alkaline extractant 
Without removal of lignin. The remainder became accessible 
only after delignification, but then it was stripped in 
large part of its associated protein.

The hemicelluloses from the feral species had a 
greater amount of arabinose, While the domesticated hemi
celluloses had significantly higher glucose. Cucurbita B 
fractions showed a small but consistent quantity of mannose, 
a hexose absent from seed coat hemicelluloses from other 
sources. The significance of these differences was not 
established (Tables 10, 11, and 12).

.Values of specific rotation for Cucurbita delignifled 
hemicellulose B fractions and other hemicelluloses are shown 
in Table 13. All values for the Cucurbita hemicelluloses 
were negative, indicating a beta glycosidic linkage. The 
Cucurbita values were also very similar to the values for 
hemicelluloses isolated from soybean seed coats, corn cobs,



Table 12. Paper, and gas liquid chromatographic analysis of delignified hemi- 
cellulose B from various sources.

Source Analysis Xyl Arab Gal Glue
Glucuronic 

Acid .
Galacuronic

Acid Man

Soybean^ 
seed coat PC H » O 1,0 3, 0 3.0 3.0 —  — —— *~

Corn Cobs^ PC 22,0 4.0 1.0 3.0 3.0 --

Sunflower0 
seed coat GLC 60, 0 oH 2 , 0 1.0 oH

Slash Pine^ GLC oo 4,0 1,0 1.0 '— 2,0

aSannella and Whistler: (.19621, 
^Whistler and Lauterbach (195.8) . 
CSabir et al, (19751 ■
^Richards and Whistler (19731.



Table 13. Physical properties of postdelignified hemicellulose B from Cucurbita
seed coats and other sources,

■ Source
Specific Rotation 

(°)
Intrinsic. Viscosity 

(100 ml/gj
Crude. Protein 

(%)

C. foetidissima -57,0 (0,4, H20 l . 0.4 1.0
C , digitate -34.7 (0.4, h 201 0,2 3.0
C. maxima '-24,5 (0,5, h 2oi 0.7 • 1.9
C. ficifolia 0.8 2,8 .
Corn Cobsa . — 81, 0 (2.0, 0,4 M NaCll 0.6 T™

£) oSoybean Seed Coats r -81,5 (0,4, 1,0 N NaOHl 0.4 T-T-

Slash Pine^ 1 U1 00 CD (1 ,0, 1.0 M KOH); 0.7 — —

aWhistler and Lauterbach (19581. 
^Sannella and Whistler (19621, 
CAspinall et al, (19661» 
^Richards and Whistler (19731.
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and slash pine. Cucurbita ficifolia was not measured, 
because even at low concentrations the solution was too 
opalescent to give an observed rotation.

Intrinsic viscosity for Cucurbita delignified 
hemicellulose B fractions are plotted in Figure 2 and 
presented for comparison with data for other hemicelluloses 
in Table 13, The domesticated species showed close simi
larity to other hemicelluloses in this property, while Ct, 
foetidissima was intermediate between them and the extreme 
xerophyte ,C, digitata. The latter had a very low intrinsic 
viscosity CO.2 100 ml/g1, which may be instrumental in 
creating a high osmotic pressure Within the seed coat when 
it is in contact with water* The seed coat would thus be 
capable of absorbing the infrequent and limited water supply 
of the arid environment, enhancing the chance for seed 
germination,

^Fractional precipitation, a method influenced by 
both structural features and molecular weight, was used to 
investigate the homogeneity of the delignified hemicellulose 
B fractions, The bar graphs shown in Figures 3-6 illustrate 
the results obtained with four of the Sucurbita species; no 
precipitation data were obtained for C. maxima, because gel 
formation occurred at ten per cent ethanol composition. In 
every fraction at least two polysaccharides were present.
The major component which precipitated first,, except in the 
case of C, pepo, was probably the polysaccharide of greater



molecular weight. In the fractions from the xerophytic 
Species the proportion of the major component was rela
tively great, accounting for approximately 77% of the C_. 
foetldissima and 86% of the C. digitata fraction. The C. 
foetidissima fraction Was the only one which appeared to 
contain three components.



SUMMARY AND CONCLUSIONS

A partial understanding of the nature and role of 
hemicellulose in the seed coats of Sucurbita species has 
emerged from this work<

Hemicellulose is present in the cell wall in 
association with structural protein. Approximately half of 
the hemicellulose With its eeddmp>anying protein is loosely 
associated with the cell wall matrixf and can be dissolved 

. by alkaline solution.
The remaining hemicellulose is closely associated 

with the matrix and is soluble in alkaline solution only 
after delignification.

Analysis of sugar constituents of the hemicellulose 
fractions Before and after delignification indicates that 
they have essentially the same composition for a particular 
species. The Cucurbita hemicelluloses appear to be a 
mixture of at least two complex polysaccharides.

The seed coat hemicellulose of Cy digitata has a 
very low intrinsic viscosity, a property of probable 
influence in the regulation of osmotic pressure when the 
seed is in contact with water. This seed coat would be 
capable of more efficient absorbtion of the water infre^ 
quently available in its arid environmentf thus enhancing 
the opportunity for seed germination.

64
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