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ABSTRACT 

The root starch of Cucurbita foetidissima, or buffalo 

gourd, has physicochemical characteristics intermediate to those of 

cassava and maize. However, unlike other root starches, buffalo 

gourd starch pastes retain peak viscosity under application of 

stress. Nutritional and organoleptic evaluation have indicated the 

suitability of buffalo gourd starch for food use. Buffalo gourd 

starch pastes exhibit extensive retrogradation, when subjected to low 

tenperature storage, to a degree similar to that of maize. 

Stabilization of buffalo gourd starch (DS 0.04, 0.05, 0.05) with 

propylene oxide protects against the retrogradative response. 

Rheological examination of hydroxypropylated buffalo gourd starch 

shows repressed initial pasting tenperatures, with increased and 

sustained viscosity throughout the pasting cycle. 

viii 



CHAPTER 1 

INTRODUCTION 

Cucnrbita foetidissima, ooitmonly called buffalo gourd, is 

a feral xerophite indigenous to the South vest. Buffalo gourd 

produces large fleshy roots containing 15% starch on a dry weight 

basis. Isolated starch has physicochemical characteristics 

intermediate to those of cassava and maize, yet possesses a unique 

rheological profile, retaining peak viscosity under application of 

stress. Physicochemical, organoleptic, and nutritional evaluation 

have indicated the suitability of buffalo gourd starch for food use. 

However, buffalo gourd starch exhibits extensive retrogradation when 

its gel is subjected to freeze thaw cycles. The purpose of this 

research was to chemically stabilize buffalo gourd starch against the 

effects of low tenperatures, and to assess resultant changes in its 

physicochemical characteristics. 

1 



CHAPTER 2 

LITERATURE REVIEW 

Buffalo Gourd 
i 

Historical Use 

Buffalo gourd was a "camp follower" of native American 

Indians, growing perennially on trash heaps (Hogan and Bonis, 1983). 

Seed from the abundantly produced fruit was ground into a meal, and 

an edible oil was extracted from the seed by hot water soaks. Tumid 
i 

pepos and roots were used as a detergent for body and clothes (Cutler 
J 

and Whitaker, 1961). The root was also used in medicinal 

rr 
applications to treat saddle sores, constipation, and hemorrhoids 

(Hogan and Bemis, 1983). 

Growth Habits 
r*~\ 

Buffalo gourd is a species of the Cucurbita genus, which 
f v-

includes cultivated squash and punpkins (Dittner and Talley, 1964; 
iv 

Nelson, Sheerens, Berry, and Bemis, 1983). The large fleshy storage 

roots enable the perennial, herbaceous habit of Ĉ _ foetidissima, 

which grows as a weed in areas of the western United States receiving 

less than 20 inches of rain per year. The plant thrives in and 

around agricultural fields, pastures, and dunps, and along roadsides 

and railroad right of ways (Hogan and Bemis, 1983; Dittmer and 

2 
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Talley, 1964). Buffalo gourd is found from Guanato, in central 

Mexico, north to the South Dakota border, and from the Mississippi 

River, west to the Rocky Mountains (Bailey, 1943; Dittmar and Talley, 

1964; Bonis, Curtis, Weber, and Berry, 1978a). 

C. foetidissima exhibits prolific vine growth, with one 

root producing 6 to 20 vines (Dittmer and Talley, 1964). Vines do 

not climb, but grow along the ground, reaching 6m or more after 2 

years of growth. Vine growth rates are suppressed at air 

tenperatures over 40°C (Nelson, Sheerens, Berry, and Bemis, 1983). 

This abundant growth suggests the use of buffalo gourd foliage as a 

ruminant forage (Bemis, Berry, Weber, and Whitaker, 1978b). 

A single buffalo gourd plant can produce up to 200 fruit per 

season. The round pepos average 5 to 7cm in diameter, with 200 to 

300 seeds per fruit. The seeds are high in oil (33%), and protein 

(33%) (Berry, Weber, Dreher, and Bemis, 1976). Dittmer and Talley 

(1964) described the roots as well adapted for water retention, 

acting as a large subterranean water and nutrient storage organs. 

Transpiration rates are kept low by a protective suberized periderm, 

and a network of fine absorptive roots. The parenchymatous inner 

tissues are imbedded with numerous starch grains, and have abundant 

water reserves. 
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Research History 

Curtis (1946) suggested the agricultural potential of buffalo 

gourd, as an arid land crop to be exploited for its seed oil and 

protein. Curtis described the plant as valuable due to its: 1) 

perennial growth habit, 2) preferential growth in wasteland 

environments receiving little rainfall, 3) abundant fruit production, 

and 4) adaptability of fruit to nechanical harvesting. 

Development of buffalo gourd as a possible crop proceeded in 

Arizona, New Mexico, and Lebanon. Ĉ _ foetidissima is one of 

several cucurbits that has been under study at the University of 

Arizona through a project begun by W.P. Bonis in 1963. The U of A 

Agriculture department formed a conmittee, in 1973, to develop a full 

scale research project for the domestication and utilization of the 

buffalo gourd (Bonis, Curtis, Weber, Berry, and Nelson, 1975). 

Initial interest focused on the seed as a protein and oil source 

(Bonis et al., 1975), until Berry's (1975) research shovred the need 

for further investigation of the root starch oonponent. These 

efforts have resulted in a current gernplasm base comprised of seed 

from 145 accessions representing a cross section of C. 

foetidissima. Originally, selectivity focused on plants with 

abundant fruit yield for cptimal seed production (Bards et al., 

1978b; Gathman and Bemis, 1983). As interest in the starch fraction 

has increased, plants with prodigious root growth have received 

increased attention (Nelson et al., 1983). 
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Root Starch 

These drought resistant plants have produced root starch 

yields as high as 34,500 kg/ha, with starch contents averaging 50%, 

on a dry weight basis. Such yields result from plantings of 177,000 

plants/ha, with maximum yield estimated at 550,000 plants/ha (Nelson 

et al., 1983). High plant populations are needed to maximize yields, 

with April plantings preferred over summer. Vines are frost 

sensitive, and are killed at tenperatures below 4°C (Bemis, Berry, 

and Weber, 1979), but the roots survive to -25°c, especially when 

the ground is insulated by snow (Hogan and Bonis, 1983). 

The weight of a single root may reach more than 40kg (fresh 

weight basis) in 3 or 4 years of growth. A 4 year old plant, grown 

in Lebanon, had a crown diameter of 30cm, a root neauring 2.5m in 

length, and a fresh weight of 47kg, with 15% starch (wet weight 

basis) (Bemis, Berry, and Weber, 1978). Starch content varies 

seasonally, with initial values averaging 36% at shoot emergence, 

18.5% when the fruit sets in early May, and a high of 52% by 

mid-August; root growth continues after the starch content reaches 

this maximum amount (Berry et al., 1978). 

As with other cucurbits, buffalo gourd contains bitter 

cucurbitacins. These water soluble terpenoid glycosides are found as 

cucurbitacin B and E, in the foliage, and as cucurbitacin B, in the 

root. The large amount of water used during the starch recovery 

process eliminates this bitter substance (Berry, Sheerens, and Bemis, 

1976). 
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Starch Characteristics 

Granular Structure 

The structural and chemical aspects of starch granules 

determines their functional qualities in food systems. The 

proportions and arrangement of the polysaccharides ooirposing a starch 

are characteristic of the species as is the starch's response to the 

conditions encountered in food processing. These characteristics 

provide a means to classify starches, and to predict their behavior 

in food systems (Osman, 1972; Hodge and Osman, 1976). 

Plants package starch inside plastids, vrtiich are water 

insoluble granular structures. Plastids occur in two forms; 

chloroplasts, the photosynthetic site in plants, are structural 

granules that store starch and chlorophyll in leaves. Anyloplasts, 

the unstructured plastids of seeds, roots, and tubers, package starch 

for long term storage. It is the starch of amyloplasts which is used 

oonnercially (Banks and Greenwood, 1975). 

Starch granules vary greatly in shape and size, with each 

plant species having a characteristic type of granule. Spherical or 

rod-shaped granules are found, with sizes ranging from the 2 micron 

pollen starch of amylomaize, to the 175 micron polysaccharide bundles 

of caima starch (Banks and Greenwood, 1975). Any lose to amylopectin 

ratios, gelatinization tenperatures, and external granular textures 

are specific to the starch source (Banks and Greenwood, 1975; Hodge 

and Osiren, 1976) (Table 1). 



Table 1. Properties of Whole Granular Starches (Lineback, 

Dreher and Berry, 1983) 

7 

1984; 

Source Granule Granule Gelatinization Amylose 
Size (nm) Shape Torperature (%) 

Range ( C) 

Maize 15 Round or 
Polyhedral 

62-72 25-28 

Waxy Maize 5-15 Round 

Wheat 

63-72 

High Amy lose Maize 25 Sausage-like 67-80 

59-64 Lenticular 58-64 
or Round 

0-3 

52 

23-27 

Potato 

Cassava 

15-100 Oval 59-68 

18 Truncated 52-64 
Round or oval 

23 

17 

Buffalo Gourd 2-17 Truncated 60-70 
Round or oval 

23-24 
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Most granules show eccentric hiluirs, an intersection of 

creases referred to as the Maltese cross. The hilum is the point of 

nucleation from vtfiich crystalline polysaccharide structures radiate. 

While SOITE starch granules have a sinple structure, with one nucleus, 

others form conpound granules with several nuclei, giving distinct 

birefringence patterns (Banks and Greenwood, 1975; Hood, 1982). 

Microscopic techniques have been used to characterize 

starches by the size, shape, and texture of the granule (Smith, 

1982). Potato starch granules are large oval structures with ridges 

around the hilum. Wheat is lenticular or round, cassava and rice are 

polygonal, corn is round or polyhedral (Hodge and Osman, 1976; 

Lineback, 1984). The starch granules from Ĉ _ foetidissima 

resemble those of cassava, but are smaller with less truncation. 

Granules range in diameter from 2 to 17 microns, with an average of 6 

microns. Round, oval, and truncated granules have been observed; 

birefringence is exhibited with faint hilum centered crosses visible 

(Berry, Bonis, Weber, and Philip, 1975) (Table 1). 
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Molecular Structure 

The general molecular formula for starch is 

Ĉ6H10°5̂ n' n varyin9 from a few hundred, to over one 

million. Starch is composed of two polysaccharide fractions; 

amylose, linear polymer which constitutes about 15-30% of the starch 

granule, and amylopectin, a branched polymer present in the greatest 

quantity. Generally, root and tuber starches have amylose of larger 

molecular weight than that of cereal starches (Hodge and Osman, 

1976). Buffalo gourd root starch has amylose and amylopectin ranges 

similar to those of other starches (Berry et al., 1975; Dreher and 

Berry, 1983)(Table 1). 

The amylose molecule has been described as a linear polymer 

of glucose monomers joined by alpha 1-4 glucosidic linkages, with 

molecular weights of 150,000 to 1,000,000 daltons, depending on the 

source. Evidence, gained through alpha and beta amylase hydrolysis 

studies, has shown amylose to have some degree of nonlinearity 

(Banks and Greenwood, 1975; Hodge and Osman, 1976). This may 

indicate substitution by glucose residues, or by phosphate groups, at 

Cg. However, branching is virtually non-existent, and molecular 

weights are lover, in amylose which has been leached from the starch 

granule, even when extracted at low tenperatures (Hood, 1982). 
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Anylopectin is also a polymer of glucose monomers, but has a 

high degree of branching, with glucose polymers associated at Cc. 
D 

The molecular weight of amylopectin is estimated to range from 10 

million, to more than 200 million daltons (Hodge and Osman, 1976). 

Enzymatic studies, coupled with chromatographic methods, have been 

used to examine the crystalline structure of intact starch granules. 

A lettering system, used to describe the crystalline structure of 

amylopectin, designates an 'A' chain as one which is linked to the 

molecule only through its reducing end group, 'B1 chains are also 

linked in the manner of 'A1 chains, but have 'A' or other 'B' chains 

associated at one or more of their primary hydroxyl groups. 'C' 

chains are free at their reducing end group, but are substituted at 

hydroxyl groups with 'A1 or 'B' chains (Hood, 1982). 

Any lose is found in association with the linear portion of 

the amylopectin molecules creating a highly ordered system of 

crystallinity. These crystals are radially oriented, giving a 

network of amylopectin, with hydrogen bonded amylose polyners 

associated in the less dense, amorphous regions (Hood, 1982; Wurzburg 

and Szynanski, 1970). 
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Gelatinization 

Starch granules swell, to varying degrees, when heat is 

applied in the presence of water. This phenomena is called 

gelatinization. The temperature at which gelatinization occurs, the 

degree of swslling potential, and the ability of a starch to retain 

granular integrity after gelation, are characteristic for each starch 

source (Lelievre, 1973; Hodge and Osman, 1976). 

Starch gelatinization is an important phenomena of many food 

processing operations. The quality of extruded cereals, thickened 

and gelled sauces, and baked goods, are exanples of the many food 

products dependent on starch gelatinization for proper viscosity and 

texture (Wurzburg and Szymanski, 1970). 

During gelatinization, heat disrupts the hydrogen bonds that 

maintain the crystalline structure in the granule. The amorphous 

regions, vtfierein the amylose molecules are concentrated, hydrate 

first. Hydration of amylose promotes its conversion from a linear, to 

a helical form, as the amylose is pulled from its association with 

amylopectin. The granule swells as water is imbibed, and 

birefringence is lost as the amylopectin micelles loose their radial 

orientation. The micelle maintains its ability to hold the granules 

together, in a highly swollen network, until tenperatures reach 

100°C or above, or until disrupted physically by agitation (Hodge 

and Osman, 1976). 
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Gelatinization has been described as a three step process 

{Donovan, 1979): 

1 - water, promoted by heat, diffuses into the granule; 

2 - melting occurs as the linear amy lose irolecules assurre a 

helical form, and soma of the hydrated amylose leaches 

into the surrounding solution; 

3 - the granule becomes hydrated, and swells. 

The ability of starch to swall and entrap water from 

solution, upon gelatinization, enables starch to influence the 

viscosity of a solution. As the internal structure of the 

crystalline starch granule is degraded, and swslling occurs, the 

viscosity of the solution increases. However, a point is reached 

where the internal pressures of the imbibed water overpower the 

hydrogen bound crystalline structure; the granule fragments, and 

viscosity decreases (Osman, 1972; Marrs, 1975). 

The tenperature at which starch granules swell with water 

and lose birefringence is referred to as the gelatinization 

tenperature. More precisely, loss of birefringence occurs over a 

tenperature range, with the smaller granules in a sanple generally 

irost resistant to gelatinization (Hodge and Osman, 1976). Greenwood 

and Muirhead (1967) found that the physical structure of the starch 

granule has a greater influence on gelatinization tenperature than 

does the proportion of amylose to amylopectin, with separate gelation 

temperatures described for the amylose and amylopectin fractions. 
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Gelatinization ranges are dependent on the species 

characteristics; naize gelatinizes at 62-72°C, high amylose maize 

at 67-80°C, while the orthophosphate ester groups present in potato 

granules weaken intermolecular bonding (Smith, 1982), giving a 

gelatinization range of 59-68°C (Lineback, 1984). Cassava starch 

gelatinizes at 52-64°C (Hodge and Osman, 1976), buffalo gourd 

starch at 60-70°c (Dreher and Berry, 1983)(Table 1). 

Wootton and Bamunuarachchi (1979b) shoved that gelatinization 

teirperatures are also dependent on starch to water ratios; linear 

relationships were found between moisture content and the energy 

required for gelatinization at starch to water ratios between 1:2 and 

2:1, with increased water content reducing the energy required for 

gelatinization. 

Viscosity Changes 

The degree of granular swell is mediated by the nature of the 

food system, as well as by the species characteristics and extent of 

heating. In breads, for exairple, low water levels limit the degree 

of swelling. In dilute systems, the granules themselves limit 

swelling, as they converge during expansion. If agitation is 

sufficient, friction reduces swelling, and thus viscosity, as the 

granules fragment. Therefore, the initial concentration of starch 

suspensions has a direct influence on viscosity (Hodge and Osman, 

1976). When starch-thickened mixtures are allowed to stand without 
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stirring, while cooling, intermolecular bonding occurs. A meshwork 

of polysaccharides forms, and the thickened mixture, or paste gels. 

The tendency for gel formation, and the degree of gel 

firmness, are characteristic of the starch species (Hodge and Osman, 

1976; Smith, 1982). Waxy corn, with low amounts of linear amylose, 

does not gel (Smith, 1982), while amylomaize hybrids (50-80% amylose) 

form rigid gels on cooling (Marrs, 1975). Root starches generally 

form less firm gels than cereal starches (Hodge and Osman, 1976); 

cassava, with 17% amylose (Wurzburg and Szymanski,1970), gives a soft 

gel when pasted and cooled (Smith, 1982). 

Retrogradation 

The gel formed during the gelatinization process may be 

regarded as the initial crystal nuclei from vdiich a decrease in 

system entropy can continue (Mclver, Axford, Col well, and Elton, 

1968). With tine, the crystalline network of amylose chains grows, 

and the water filled intercrystalline spaces shrink. This process 

forces water from the crystal lattice, and the gel properites are 

lost with this retrogradation phenomena (Smith, 1982). The rate of 

retrogradation is influenced by the shape and size of the starch 

molecules, by tenperature, and by the presence of other food 

ingredients such as salt and sucrose. Generally, starch systems 

retrograde most rapidly at 0°c, effects are even more dramatic when 

gelatinized starch pastes are subjected to freeze-thaw cycles (Hodge 

and Osman 1972). 
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Retrogradation results from hydrogen bonding between starch 

molecules with both hydroxyl groups and hydrogen acceptor sites (del 

Rosario and Pontiveros, 1983). Linear amy lose molecules are more 

susceptible to rebonding than amylopectin, ho waver the outer branches 

of amylopectin can associate as well (Schoch and French, 1947). The 

rate and extent of retrogradation is affected by: arnylose and 

amylopectin concentration and molecular size, tenperature, pH, and by 

non-starch conponents and ingredients present ( Hodge and Osman, 

1976; del Rosario and Pontiveros, 1983). 

Retrogradation is a major factor in the staling of bread 

(Mclver et al., 1968), and contributes to undesirable texturai 

changes in canned soups and other foods with high starch 

concentrations. Retrogradation, or "setback", causes cloudy pastes 

that shrink, lose water, and become chunky or rubbery (Smith, 1982; 

del Rosario and Pontiveros, 1983). 

Solute Interactions 

The behavior of starch-water systems is affected by 

interaction with other ingredients of food systems, Gelatinization 

tenperatures, thickening powsr, and extent of retrogradation, are all 

influenced by the conponents of food systems (Osman, 1972; Hodge and 

Osman, 1976). 
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Sugar, a hydrophilic substance, oonpetes with starch for 

available water. The sequestering of available water, by sugar, 

depresses the rate of granule shell. At low concentrations, the 

presence of sugar is beneficial, preventing the disruption of those 

granules which rapidly imbibe water, while allowing other granules to 

slowly swell with water. The result is an increased number of intact 

swollen granules, and thus, increased system viscosity. Higher 

concentrations of sugar can critically lower the rate and degree of 

granular swell (Osman, 1972; Wootton and Bamunuarachchi, 1979c). 

Salts have been shown to influence the swelling of starch 

granules, but studies of the specific effect of ions present in 

starch-water systems are contradictory (Hodge and Osman, 1976). 

Wootton and Bamunuarachchi (1979c) studied the effects of sodium 

chloride on gelatinization; salt levels up to 6% decreased the energy 

requirements for gelatinization to occur, but had a reverse effect at 

levels from 6-9%. At salt concentrations above 9%, the energy 

consumed during gelatinization showed a slight decrease, but then 

rose again. The peak temperatures obtained in salt solutions 

increased up to 9% salt concentration, but then decreased, and 

eventually stabilized. 
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Most foods have pH values of 4 to 7, thus the starch 

conponents have few ionizable groups as the molecules exist in food 

systems. However, acids can degrade starch granules, and reduce the 

viscosity of low pH systems, such as starch thickened tomato soups 

and pie fillings, and starch based salad dressings (Hodge and Osman, 

1976). 

Fats and surfactants exert influence the behavior of starch 

solutions, but the direction of their effect is dependent on the 

presence or absence of emulsifying agents. Natural triglycerides 

depress the tenperature at which maximum viscosity is reached, but do 

not affect the degree of viscosity. Monoglycerides, and other 

similar hydrophilic conpounds, can depress or prevent gel formation. 

Surfactants with aliphatic chains of 16-18 carbon atoms raise 

gelatinization tenperatures, and the tenperature at which maximum 

viscosity is reached. Also, the presence of surfactants reduces the 

strength of starch gels (Hodge and Osman, 1976). 

Starch/protein interactions are not clear but are thought to 

be inportant in bread dough structure. Milk proteins decrease the 

gel strength of food systems, as revealed by studies in which the 

milk content of puddings have been varied (Hodge and Osman, 1976). 
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Measurement of Gelatinization Tenperatures and Viscosity 

The appropriate use of a starch, and the effects of 

modification for tailoring the behavior of a starch for special 

requirements of a food system, require characterization of the starch 

under consideration. A starch's swelling potential may be studied by 

microscopic investigation of the granule's external appearance, and 

of its internal coirponents. Several chemical and physical techniques 

are used for conponent analysis, and for rheological investigation. 

Rheological assays are conducted on starch-water solutions, 

and on systems which reflect the various environnents found in foods. 

Food constituents constituents, and recipe ingredients such as fats, 

proteins, salts, and sugars, can have dramatic affects on the ability 

of a starch to control system viscosity. The increase in viscosity 

of starch pastes, during heating, can be used as a means to determine 

the temperature of gelatinization. For purposes of rheologic study, 

gelatinization is defined as the tenperature at which a sudden and 

large increase in viscosity occurs (Osman, 1972; Radley, 1976). 

The Brabender amylograph is a popular instrument for 

measuring of gelatinization tenperature, tracking system viscosity 

over a controlled tenperature range. The Brabender is a rotational 

instrument which permits a continuous determination of viscosity 

during simultaneous stirring, heating, and cooling. 
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Recorded viscosities reflect the following characteristics of 

starch samples (Kesler and Hjermstad, 1964): 

1 - the peak viscosity recorded is the highest viscosity 

obtainable for a usable paste; 

2 - the viscosity of the paste at 95°C can be oonpared to 

the peak viscosity to evaluate the ease of cooking the 

starch; 

3 - the viscosity after cooking 1 hour at 95°c reflects the 

stability of the gelatinized starch; 

• o 
4 - the viscosity after cooling the cooked starch to 50 C 

is a measure of retrogradation susceptibility. 

Starch Sources 

Although starch can be isolated from a wide variety of 

plants, a limited number of starch types have wide commercial use. 

Maize is the rrost important starch crop in the United States, due to 

its low cost and wide availabilty (Glicksman, 1969; Smith, 1982). As 

an export crop, raize provides the base for the starch industry in 

the United Kingdom as veil (Marrs, 1975). Ihe next most inportant 

starch source is from a root crop, the cassava plant (tapioca), which 

is inported from Thailand and Brazil (Marrs, 1975; Smith, 1982). 

However, the high harvest costs and import prices of cassava have 

reduced the frequency of its use (Smith, 1982). Other cereal and 
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root starches are produced for ooimiercial use, but in amounts much 

smaller than maize or cassava (Marrs, 1975; Smith, 1982). The 

cereals, sorghum, wheat, and rice, are commercially available, as 

well as the root starches - potato and arrowroot (Glicksman, 1969). 

A variety of alternate starch sources have been investigated, 

including; legumes (Sathe and Salunkhe, 1981; Deshpande, Sathe, 

Rangnekar, and Salunkhe, 1982), other cereals (Biliaderis, 1982), and 

the cucurbits (Berry et al., 1975; Dreher, Sheerens, Weber, and 

Berry, 1981; Dreher and Berry, 1983; Dreher et al., 1983b; Sheerens, 

Dreher, Bemis, and Berry, 1983). 

Buffalo Gourd Starch as a Food Ingredient 

Buffalo gourd starch posesses swelling and solubility 

characteristics similar to those of naize; both starches are more 

resistant than cassava or potato to association with water molecules, 

reflecting veil developed granular organization. Also a high degree 

of molecular organization is reflected in the gels of buffalo gourd 

and maize starch; both give firm opaque gels at 6% concentration 

(Dreher et al., 1983b; Glicksman, 1969). Such behavior distinguishes 

C. foetidissima from other root and tuber starches, vrfiich give 

weak gels except at high concentrations (Hodge and Osman, 1976). 
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Rheologic examination of buffalo gourd starch, conducted by 

Dreher et al. (1983b), showed that 4% starch solutions, analyzed on a 

viscometer, exhibited an initial pasting tenperature range higher 

than other tuber starches tested, but similar to that of maize. The 

maximum viscosity of buffalo gourd starch, at 90°C, is oonparable 

to that of cassava and intermediate to those of potato and maize 

(Dreher et al., 1983b) (Table 2). Potato and cassava starches show 

rapid viscosity losses when held at 90°C (Hodge and Osman, 1976), 

but buffalo gourd starch does not. Furthermore, the viscosity of the 

cucrbit starch remains stable during the cooling cycle (Dreher et 

al., 1983b). 



Table 2. Pasting Characteristics of Starches (Dreher and 
Berry, 1983b) 

Starch Initial 
Pasting 
Tenp°C 

Maximum Final Initial Final 
Viscosity Viscosity Viscosity Viscosity 

90°C 50°C 

Maize 82 4 5 8 10 

Potato 55 31 5 5 5 

Cassava 62 11 3 3 2 

Buffalo Gourd 78 13 13 14 16 

Measured on a Brookfield Synchro-Lectric Viscometer, with 
Helipath stand, Spindle T-A, 5rpm. Viscosity units are 
expressed in poises. 
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Buffalo gourd starch shows responses similar to other 

starches to changes in concentration (Dreher et al., 1983b); 

increased concentration causes increased viscosity (Hodge and Osman, 

1976). Buffalo gourd starch shows typical responses to changes in 

pH, and to the most connon food ingredients (acids, alkalis, sucrose, 

salts, fats and surfactants, proteins) included vrtien characterizing 

the response of a starch species to solute interactions (Osman, 1972; 

Hodge and Osman, 1976; Wootton and Bamunuarachchi, 1979c). Very 

basic or acidic pH reduces initial pasting tenperatures, maximum and 

final viscosities increase with increased pH. Addition of sucrose 

raises the gelatinization tenperature of buffalo gourd starch pastes, 

giving softer gels after cooling. Fats lover the tenperature of 

maximum swelling, and result in lowered maximum, and final, 

viscosity. However, buffalo gourd starch behaves atypically in the 

presence of salt. Incorporation of 1% NaCl affects the starch only 

after cooling to 50°C, when an increase in viscosity occurs (Dreher 

et al., 1983b); other starches show a rheologic response to salt 

throughout the pasting cycle (Wootton and Bamunuarachchi, 1979c). 

Tinsley (Dreher et al., 1983b) performed triangle tests which 

indicated that buffalo gourd starch can be distinguished from maize 

starch when incorporated in starch based puddings. However, paired 

comparison tests reflected no preference (between preparations). Both 

maize and buffalo gourd starch received lower scores than those of 
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puddings prepared with Tenderfil-8, a oonnercially modified tapioca 

starch. This product gives gels which judges rated as "smoother" or 

"creamier". 

Raw gourd starch, as demonstrated in mice feeding trials, has 

been shown to have an apparent digestibility intermediate to potato 

and oorn, or cassava. Autoclaved, eg. gelatinized, buffalo gourd 

starch has a digestibility equal to that of corn and cassava (Dreher 

et al., 1981). 

Unmodified buffalo gourd starch oonpares with maize in its 

susceptibility to freeze-thaw damage; both exhibit substantial 

syneresis after only 2 weeks of cold temperature storage. Upon 

thawing, gel water losses are high, and organoleptic qualities are 

substantially decreased (Dreher et al., 1983b). 

Starch Products for the Food Industry 

Starch is an inportant component of many food products, 

providing the main energy source in the diet of nan (Hodge and Osman, 

1976). Starch is consumed as a part of whole foods, such as 

potatoes, or as an added functional ingredient in conposite foods, 

such as thickened gravies. Starch is valued for its ability to 

influence the moisture, consistency, and shelf stability of many 

processed foods (Smith, 1982). 
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Native Starches 

The corn v*et-milling industry produces a number of native 

starches for food application. Regular corn starch, grain sorghum 

starch, and waxy corn and sorghum starches, are all valued for 

application as thickeners, and as stabilizing agents (Wurzburg and 

Szymanski, 1970; Smith, 1982). The ability of a particular starch to 

take on water and swell, and its sensory qualities in food products, 

are considered when matching a starch to a food system. A starch may 

be used to impart thickening and gelling power, to act as a flavor or 

color encapsulator, to be used as a binding agent or filler, or to 

stabilize a food system against alterations in fluid dispersion. 

Clarity, texture, viscosity, color, and taste are important 

paramaters used to judge the appropriate use of a starch (Radley, 

1976; Marrs, 1975). 

The non-waxy varietes are generally 17-25% amylose, on a dry 

weight basis (O'Dell, 1979; Smith, 1982), high amylose starches (55%, 

and 70%) are also available. Moisture contents are normally 12%, 

the equilibrium moisture content found under mast relative humidity 

conditions. However, some starches are produced at moisture levels 

as low as 1.5% for use as powdered dispersants in dry mixtures. 

Aggregation states are tailored to the intended use; powdered forms 

are used mast frequently, yet a coarser pearl form is available when 

conditions require a lower tendency for the starch to dust (Wurzburg; 

Smith, 1982). 



Industrial use of starch requires identification of each 

starch species' physical and chemical characteristics (Radley, 

1976).Comparative starch studies nay include: 

-microscopic examination 

-analysis for mineral matter 

-detection of fats, oils, and soaps present 

-analysis for nitrogen 

-presence of water soluble material 

-opacity 

-gelatinization range 

Determination of appropriate use includes the study of: 

-freeze-thaw stability 

-flow properties 

-cold water solubility 

-presence of foreign matter 

Standardization and quality control include assessing: 

-viscosity and fluidity of the hot paste 

-color 

-odor 

-pH 

-noisture 
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Modified Starches 

The native starches are the basic stock from which food 

chemists develop derived starches, modifying behavior characteristics 

as needed to enhance food quality, processing, packaging, and 

distribution, while maintaining the caloric value of the native 

starch. Modified starches upgrade the quality, and extend the 

variety and supply of food (O'Dell, 1976). 

The usefulness of unmodified starches is diminished by the 

extremes of pH, teirperature, and shear encountered during food 

processing (O'Dell, 1979). However, starch granules can be 

pretreated to withstand the pressures of processing and storage 

conditions, or tailored to inprove dispersibility, to lower or raise 

their ability to inpart viscosity to solutions, and to alter their 

organoleptic qualities (Smith, 1982). 

The techniques for starch modification generally include; 

pregelatinization, acid hydrolysis, oxidation, or chemical 

derivitization through esterification or etherification (Knight, 

1974; Marrs, 1975; Smith, 1982). Derivatized starches are 

characterized by the type of chemical used, the degree of 

substitution with a modifying group (DS), the degree of 

polymerization (DP), and by their physical state (Glicksman, 1969). 

The EDA requires that chemicals used for starch derivatization are; 

free from toxic effects, or are converted to harmless substances 

during the the modification reaction (O'Dell, 1979). 
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Modified starches are usually produced in a granular form, 

and require heating to exert their function in food systems. 

However, some are pregelatinized by drum or spray drying to give cold 

vrater solubility; these starches are produced for food systems where 

heat is not used, such as in instant puddings (Glicksman, 1969; 

Wurzburg). 

Acid hydrolyzed starches are "thin boiling starches" that 

have reduced paste viscosity, yet form rigid gels upon cooling 

(Glicksman, 1969; Marrs, 1975; Smith, 1982). A mild acid treatment 

with hydrochloric or sulfuric acid is used to give preferential 

cleavage of the amylose fraction, with the amylopectin fraction 

remaining intact. The increased concentration of amylose inparts the 

high retrogradative response of these starches (Smith, 1982). 

Oxidized starches are prepared for use in foods foods with 

high solids contents, requiring a thickening agent with high clarity 

and resistance to gelation (Marrs, 1975). Sodium hypochlorite is 

used in the process to oxidize a portion of the carbohydrate's 

hydroxyl groups to carbonyl and carboxyl groups. These bulky 

bi-functional groups inpede association of carbohydrate chains, and 

thus, repress retrogradation (Glicksman, 1969). 

Derivitized starches fall into two categories; those with a 

low DS ( <0.2 ), and those having a high DS ( >2.0 ). The low DS 

starches, with relatively small numbers of substituent groups per 

glucose unit, are favored for food use (Glicksman, 1969). Most 

reactions of this type involve co-blending of dry starch with alkali 
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follovred by treatment with the reagent in an aqueous slurry of 40-45% 

solids (Glicksman, 1969). Alkali is used to createa reaction 

environment that depresses the gelatinization tenperature of 

starches; this allows an increase in the number of substituent groups 

that can be added. Excessive swelling of the granule is prevented by 

maintaining low reaction tenperatures, and by using swelling 

inhibitors such as alkali metal salts. Highly swollen granules yield 

products which present handling problems during post reaction granule 

retrieval (Glicksman, 1969). 

The technique of chemical crosslinking with di- or 

polyfunctional reagents is widely used to control the amount and fate 

at which granules will swall. This process protects against paste 

breakdown and viscosity losses during cooking and shear conditions. 

Crosslinking also protects against the negative effects of low pH and 

high tenperature, two techniques used by food processors to reduce 

cooking times (Wurzburg and Szymanski, 1970). Phosphate, adipate, or 

glycerol crosslinks (Marrs, 1975) are used to act as bridges 

reinforcing the bonds which hold granules together, thus reducing 

their tendency to rupture during cooking. Thus, crosslinking serves 

to maintain the properties attained when the granule is cooked and 

swollen, and to change the paste characteristics of starches. 

Crosslinked corn starch granules give short and salve-like pastes, 

rather than the phlegmy pastes of native corn starch granules. 
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However, crosslinking offers no protection aginst the effects 

of longterm or low tenperature storage; with tine, starch molecules 

can associate and precipatate or gel, producing an obvious separation 

of fluid and solid natter in the food product (Wurzburg; Smith, 

1982). 

The retrogradative response of starch molecules, promoted by 

long term or low tenperature storage, can be prevented through 

chemical stabilization of the granule. Stabilized starches are 

essential to the frozen food industry (Smith, 1982) and for 

manufacture of shelf stable processed foods that are held at low 

tenperatures during warehousing, shipment to irurkets, or during 

storage by consumers (Marrs, 1975; Smith, 1982). Three functional 

groups are comronaly used to stabilize food starches; hydroxypropyl, 

phosphate, or acetyl groups are attached to hydroxyl groups by 

propylene oxide, orthophosphate, or acetic anhydride (Wurzburg; Smith 

1982). 

The starch ethers produced by stabilization reactions cause 

the molecules to repel one another, and give the starch pastes a high 

degree of clarity. Gel formation is prevented, thickening power is 

enhanced, and the granular structure remains intact (Wurzburg and 

Szymanski, 1970). Substituted starches exhibit significantly lower 

gelatinization tenperatures and gelatinization peak tenperatures 

(Wootton and Bamunuarachchi, 1979a), with less cooking tine required 

to reach maximum hot paste viscosity (Marrs, 1975). Wootton and 
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Bamunuarachchi (1983) found that the water binding capacity 

of naize is decreased at substitution levels less than 0.07, but 

increased at DS levels greater than 0.07. They proposed that 

substitution blocks rater binding sites on naize granules, and 

decreases water binding capacity. However, at DS levels greater than 

0.07, the naize granules became cold water soluble, greater granular 

hydration was possible, and conpensated for losses in water binding 

capacity. 

Crosslinking is usually combined with stabilization if 

salve-like pastes are desired; stabilization alone will not inpart 

salve-like qualities to most starches (Wurzburg and Szymanski, 1970). 
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Choice of Modification Technique for Buffalo Gourd Starch 

The thawsd gels of frozen buffalo gourd starch pastes, and of 

maize, lose approximately 75% of their water content after only 2 

weeks of storage (Dreher et al., 1983b). Protection of the granule 

against the retrogradative response was tested in this study using 

propylene oxide as a stabilizing reagent. Propylene oxide was chosen 

due to its status as the chemical most frequently selected by the 

food industry for preventing retrogradative responses in food 

starches (Wurzburg; Marrs, 1975; Radley, 1976; Smith 1982), being 

favored for imbibing freeze-thaw stability, without the sensitivity 

to inorganic ions in solution shown by phosphate esters (Glicksman, 

1969). 



CHAPTER 3 

MATERIALS AND METHODS 

Starch Isolation 

Starch was isolated from the roots of one year old plants grown at 

the University of Arizona Experimental Farm, Marana, Arizona. Roots 

were washed and trimmed, chopped in a Hobart BEM-450 grinder, finely 

ground with added water in a heavy duty blender, and pressed through 

a fine itesh screen to separate fibrous root material from the starch 

slurry. The slurry was covered, held at 4°C until the starch 

settled, decanted, and resuspended in clean water. The 

suspension/decantation procedure was repeated until a clean starch 

layer was obtained. The clean starch was mixed with water (45% 

starch/water) and spray-dried using a Niro Atomizer, inlet 120°C, 

outlet 55°C, to obtain a free-flowing starch powder. 

Preparation of Hydroxypropyl Starches 

Starches with a range of hydroxypropyl substitution were 

prepared by a procedure reported by Wbotton and Manatsathit 

(1983)(figure 1): 

33 
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STARCH-OH + NaOH + Na2S04 + H-̂ Ô  

40°C 

012 CH-€H3 

Propylene Oxide 

24hrs 

OH 

STARCH-OCH-CH-CH2OH + STARCH-OCH2-CH-CH3 

CH-, 

Hydroxypropyl Starch 

Figure 1. Preparation of Hydroxypropyl Starch. 
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Seven 200g sanples of buffalo gourd starch were weighed into 

600ml screw cap, plastic, containers. A mixture of NaOH (2.6g) and 

Na2SÔ  (30g) was dissolved in distilled water (340ml) and added 

to each container. The sanples were mixed thoroughly, and brought to 

40°C in a gyrotory water bath. 

Propylene oxide was added to each saitple (0,4,8,12,16,20, and 

30ml), the jars were capped and mixed in the water bath for 24hrs at 

40°C. The sanples were brought to pH 5.5 with 0.1N f̂ SÔ , 

transferred to centrifuge flasks (250ml), and centrifuged at 3000 rpm 

for 15 minutes; the sanples were resuspended with clean water and 

recentrifuged (3 repetitions) to remove traces of alkaline reaction 

materials. Sanples treated with 20 and 30ml of propylene oxide were 

too viscous to centrifuge, so they were first precipitated with 3 

volumes of 95% ethanol, then washed and centrifuged. The sanples 

were lyophilized, then passed through a 100 nesh screen to give a 

free-flowing powder. 

Analytical Procedures 

All analysis were performed on native buffalo gourd starch, 

derivatized buffalo gourd starch (DS 0.0 to 0.06), and Tenderfil-8. 

The latter is a oomrercially prepared starch produced by the A.E. 

Staley Co., and is reconmanded for food applications requiring 

freeze-thaw stablility. All analysis were performed at least in 

duplicate, and the nean of replicates reported. 
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Determination of Molar Substitution 

Hydroxypropyl content of the starches has determined by the 

rrethod of Johnson (1969), which involves a spectrophonetric 

determination of degree of molar substitution (DS). 

Sanples of 0.05 to O.lg of starch vrere accurately weighed 

into 100ml volumetric flasks containing 25ml of IN t̂ SÔ . Itie 

flasks were heated in a water bath (4o°C) until the sanples were in 

solution, then cooled and brought to 100ml with distilled water. 1ml 

of the solutions was transferred to 50ml graduated screw top test 

tubes,which were immersed in an ice bath, concentrated Ê SÔ , 

8ml, was added to each in dropwise additions to the sides of the test 

tubes. The sanples were covered and mixed gently by inverting (15 

times), heated in a 100°c glycol bath for exactly 3 minutes, then 

immediately transferred to an ice bath and thoroughly chilled. To 

each was added 0.6ml of freshly prepared ninhydrin solution 

(1,2,3-triketohydindene crystals dissolved in a 5% sodium bisulfite 

solution). The covered sanples were mixed gently by inverting (15 

times), immediately transferred to spectrophonetric tubes, held for 

exactly 5 minutes, and neasured at 590nm using a Coleman Jr II 

spectrophotometer. 

Each analysis was calibrated aginst a simultaneously run 

standard curve, using native starch as a blank. Standard curves were 

prepared as follows: lml aliquots of standard aqueous solutions 

containing 2 to 60 micrograms of propylene glycol per ml were added 

to 50ml screw top test tubes and reacted as for the starch sanples. 
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Degree of substitution was determined by applying the factor 

0.7763 to convert micrograms of glycol to hydroxypropyl group 

equivalents, and reporting DS as the nolecular weight fraction of 

hydroxypropyl units per glucose unit. 

Moisture Content 

Moisture content was determined using AACC Method 44-40 

(1962). Samples of 2g were accurately weighed into tared containers 

and dried in a vacuum oven at 100°C for 24 hrs, cooled in a 

desiccator, and weighed soon after reaching room tenperature. Loss 

of moisture and volatile natter was reported as percent noisture: 

weight loss, g x 100 

sanple weight, g 

Ash Content 

Ash was determined using the method described by Dreher et al. 

(1983a). Sanples of 2g were accurately weighed into tared porcelain 

crucibles; the carbon free residue was weighed after combustion 

overnight in a nuffle oven, at 525°C. Values were corrected for 

moisture content. Percent ash was reported as: 

ash weight, g x 100 

sanple weight, g 
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Swelling Power 

Swalling power was measured by the method of Wootton and 

Manatsathit (1983). Starch, 0.9g, was mixed with distilled rater, 

10ml, in a graduated test tube; sediment volume was treasured after 

24hrs at room tenperature. Results were determined as relative to 

native starch, which was assigned a swelling power of 1.0. 

Rheology 

The initial pasting tenperature, and the maximum and final 

viscosity a range of sanples were determined. Native starch, 

control, and 4 levels of substituted sanples (DS 0.003, 0.03, 0.04, 

0.06) were measured by standard procedures on a Brabender 

Visco-Amylograph. Analyses were performed by Dr. D. Christianson, 

USDA-NRRC, Peoria, 111. Analyses ves performed on 4% starch-water 

pastes. 

Gravimetric Freeze-Thaw Study 

Two sanple groups were prepared; the pastes of one group 

were adjusted to percent solutions (5% average) giving similar 

viscosities (16-17 poises) for all sanples. Pastes of the second 

group were prepared as 6% solutions of starch in water for all 

sanples. Starch and water were measured into 600ml beakers, mixed 

for 5 minutes, covered, and cooked at 95°C for 20 minutes, with 

stirring, in a water-ethylene glycol constant tenperature bath. 

Paste viscosities were measured at 90°c using a Brookfield 
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Synchro-Lectric Viscometer with a Helipath stand (spindle T-A, 5rpm). 

Sanples here trainsferred to plastic cups, covered, allowed to reach 

room tenperature, then frozen at -12 to -18cC for 2, 3, and 4 

weeks. 

After the prescribed storage period the covered sarrples 

were thawsd at room tenperature, and filtered to remove unbound water 

by suction filtration using a Buchner funnel with Whatman #3 

quantitative filter paper. Sanples were filtered for 3 minutes each 

and macerated or stirred during filtration. Retrogradation was 

quantified by weight difference: 

weight of filterable water, g x 100 

weight of total water, g 

A control group of sanples was analyzed immediately after 

cooling to room tenperature. 



CHAPTER 4 

RESULTS AND DISCUSSION 

Degree of Substitution 

Degree of substitution increased with increased levels of 

propylene oxide addition. A range of sanples were obtained with DS 

of 0.0 to 0.06 (Table 3). However, DS values obtained in this study 

were lower than those obtained by Wootton and Manatsathit (1983) (DS 

0.0 to 0.12), whose work with maize served as the rrodel for buffalo 

gourd starch derivatization. Several factors, relating to the 

reaction conditions, and to the inherent differences between maize 

and buffalo gourd starch, could have contributed to the lowered 

substitution levels for the cucurbit starch. 

1 - Volatilization of propylene oxide (bp 34°C) during 

addition to the reaction mixture; some loss could be 

expected since the derivatizing chemical was added to an 

uncovered reaction mixture at 40°C. 

2 - Poor distribution of propylene oxide through the reaction 

mixture; the reaction vessels were covered and agitated 

before and after addition of propylene oxide, by shaking 

in a gyrating water bath. Several of the mixtures becane 

sufficiently thickened, to suppress the mixing rate. 

40 
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The contributions of these two reaction conditions to lowered 

DS might be overcome by use of reaction vessels that enable direct, 

dropwise addition of the reactant to a closed system, with an 

internal mixing device enabling efficent sanple distribution. 

3 - The gelatinization tenperature of buffalo gourd starch is 

slightly lover than that of maize; the initial gelatin-

inization tenperature of buffalo gourd starch is 60°C 

(Dreher and Berry, 1983a), vrtiile that of maize is 62°C 

(Lineback, 1984). Thus, in solutions at 40°C, that of 

reaction mixture in this study, gourd and maize starches 

may be expected to show different solution behaviors. 

4 - The reaction mixture includes alkali which is known to 

depress the gelatinization tenperature of starch 

(Glicksman, 1969). 

5 - Buffalo gourd starch shows greater swelling capacity than 

maize (Dreher et al., 1983). 

These last three factors nay have contributed to more highly 

svrollen granule in the buffalo gourd starch treatment, as conpared to 

that of the maize sanples studied by Wootton and Manatsathit (1983). 

Thus, the reaction mixture in this study may have been more viscous 

than that of the model study, and the greater system viscosity nay 

have physically reduced the efficiency of reactant distribution. 

System viscosity might be reduced, and efficiency of derivatization 

increased, by conducting the reaction at a lower tenperature, and by 

increasing the proportion of the swelling inhibitor, 

(Glicksman, 1969). 



Table 3. Conparison of General Properties of Native 
and Derivatized Starch. 

% % Swelling 
Sanple DS Moisture Ash Power 

Native BG 

+ Qml Pr.Ox. 

+ ML Pr.Ox. 

+ 8ml Pr.Ox. 

+12ml Pr.Ox. 

+16ml Pr.Ox. 

+20ml Pr.Ox. 

+30ml Pr.Ox. 

Tenderfil-8 

0.0 11.7 0.1 1.0 

0.0 4.0 1.7 1.0 

0.003 2.6 0.7 1.0 

0.02 0.9 0.7 1.0 

0.03 1.5 0.5 1.0 

0.04 0.8 0.9 1.0 

0.05 2.0 1.0 1.0 

0.06 4.4 1.2 1.0 

(0.07) 10.5 1.0 1.0 
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Moisture Content 

The derivatized sanples had moisture contents lower than that of the 

native sanples. This effect could have been caused by the reaction 

process, or by post reaction treatment; the native starch was spray 

dried after isolation from the root, wiiile the treated sanples were 

subjected to an additional drying process, lyophilization, after the 

derivatization process. All sanples, native and treated, showed 

recovery approaching equilibrium moisture content over time (as much 

as 50% in two weeks). Buffalo gourd starch treated with propylene 

oxide showad moisture content responses similar to that of 

hydroxypropylated maize (Wbotton and Manatsathit, 1983); at low 

levels of substitution, DS 0.003 to 0.06, buffalo gourd and maize 

starch had moisture levels lower than that of the native and control 

sanples (Table 3). 

Ash Content 

Ash contents of the treated starches were higher than those 

of the native sanple. Increasing amounts of propylene oxide gave, 

generally, higher ash contents. These results showed trends similar 

to those reported in the literature (Wbotton and Manatsathit, 1983) 

for hydroxypropylated maize. Increased ash content nay be due to 

residual salts added during the substitution reaction, and retained 

during the subsequent washing procedure (Table 3). 
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Swelling Power 

The treated sairples of buffalo gourd starch showed no differences in 

swelling powsr relative to the native sairples. Similar studies on 

hydroxypropylated corn starch have not shown changes in selling 

power until the DS reaches 0.12 and above (Wootton and Manatsathit, 

1983) (Table 3). 

Rheologic Response 

Derivatized buffalo gourd starch shows reduced initial 

pasting temperature, and increased maximum and final viscosity with 

increased levels of substitution. This behavior agrees with that of 

other starches as reported in the literature (Kesler and Hjermstad, 

1964; Wurzburg, 1970; Wootton and Bamunuarachchi, 1979a). Increased 

final viscosities (50°C) of the derivatized starches suggests a 

reduced susceptibility to retrogradation (Smith, 1964). The 

increased viscosity of derivatized sairples, demonstrated by this 

test, suggests a more highly svrollen granule, thus more water is 

contained within the granules. Increased water contents have been 

shown to correlate with both lovered gelatinization tenperatures, and 

with enhanced resistance to a retrogradative response (Smith, 1964; 

Wootton and Bamunuarachchi, 1979a)(Table 4). 

I 



Table 4. Rheologic Characteristics of Native and Derivatized 
Buffalo Gourd Starch. 

Initial Maximum Final 
DS Pasting Viscosity Viscosity 

Native 82.5 78 152 

0.0 90.0 32 107 

0.003 87.0 95 145 

0.03 67.0 142 220 

0.04 (81.0) 145 220 

0.06 60.0 160 215 

Measured on a Brabender Visco-flmylograph. 
Viscosity reported in Brabender units (1 unit =2.43 
centipoises). 



46 

Freeze-thaw Stability 

Derivatization of buffalo gourd starch with propylene oxide 

inproved its freeze-thaw stability, for both sanple groups; those 

sairples adjusted to the sane initial viscosity, and those adjusted to 

equal % starch in water. Increasing the degree of substitution gave 

increased resistance to low tenperature storage of the buffalo gourd 

starch pastes. The ability of native and hydroxypropylated buffalo 

gourd starch to retain water after being frozen and thawed, was 

inproved by increasing the ratio of starch to water (Tables 5,6). 

For the sanple group adjusted to equal initial concentrations 

(6% starch in water), susceptibility to retrogradation was 

increased at DS levels 0.02 and below, but reduced at higher levels 

of substitution. The poor performance of the minimally derivatized 

starches, as oonpared to the native sanple (Table 6), may be a 

manifestation of the gravimetric freeze-thaw nethodology, rather than 

a result of the substitution reatnent. At 6% concentrations, buffalo 

gourd starch gels were very firm and resisted maceration; thus, it 

was pysically difficult to express total filterable water from the 

gels. False low readings may have been recorded for the native 

sanple; this in turn would give false low values for the performance 

of the derivatized starches when assessed relative to the native 

sanple. This supposition is verified by examination of the results 

for the sanple group vtfiich were adjusted to equal initial viscosity. 

Preparation of these pastes required average starch-water 

concentrations of 5%. At lovrer concentrations, frozen and thawed 
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native pastes gave firm gels that yielded to pressure, enabling 

separation of filterable water; all treated starches from this sanple 

group showed inprovenent in freeze-thaw stability relative to the 

native sanple (Table 6). 

Hydroxypropylation of buffalo gourd starch gave as much as a 

97% (for DS 0.06) inprovenent in the ability of the starch to retain 

water during and after oold tenperature storage (relative to the 

native sanple)(Table 6), to a degree similar to that shown by 

Tenderfil-8, a connercially modified starch. Inprovenent of 

freeze-thaw stability was demonstrated to be statistically 

significant (0.05 DF) at all levels of buffalo gourd substitution, 

with the iTDSt substantial inprovenent demonstrated at DS levels of 

0.04 and above (Tables 5,6.) 
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Table 5. Freeze-Thaw Stability of Native and Derivatized Buffalo 
Gourd Starch and Tenderfil-8 - Expressed as % Total Water Lost 
After Indicated Weeks of Cold Tenperature Storage. 

Sanple DS 2 
A1 

3 

Weeks of 

4 x 

Storage 

B2 

2 3 4 X 

Native BG 0.0 80 82 82 81 50 66 74 63 

+ 0ml Pr.Ox. 0.0 75 73 72 73 67 58 72 66 

+ 4ml Pr.Ox. 0.003 80 79 77 79 64 67 71 67 

+ 8ml Pr.Ox. 0.02 71 70 72 71 62 73 71 69 

+12ml Pr.Ox. 0.03 64 53 60 59 40 40 51 44 

+16ml Pr.Ox. 0.04 39 47 52 46 30 25 40 32 

+20ml Pr.Ox. 0.05 12 15 14 14 14 13 13 13 

+30ml Pr.Ox. 0.06 10 5 10 8 0 2 4 2 

Tenderfil-8 (0.07) 0 4 4 3 4 4 3 4 

1. Sanples adjusted to initial viscosity of 16-17 poises, 90°C. 
2. Sanples adjusted to initial concentration of 6% starch-vater. 
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Table 6. Freeze-Thaw Stability of Derivatized Buffalo Gourd Starch 
Relative to Native Sample - Expressed as Relative % Inprovement. 

DS A1 B2 

0.0 9.88 -4.76 

0.003 2.47 -6.35 

0.02 12.35 -9.52 

0.03 27.16 30.16 

0.04 43.21 49.21 

0.05 82.72 79.37 

0.06 90.12 96.82 

1. Sanples adjusted to initial viscosity of 16-17 poises, 90°C. 
2. Sanples adjusted to initial concentration of 6% starch-water. 
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Observations 

The pastes of all sairples, prior to freezing, had a smooth and 

somewhat translucent appearance typical of root starch pastes. 

However, after low tenperature storage, distinct differences between 

saxiples were visually apparent. For both sarrple groups (adjusted to 

equal viscosity or to equal percent starch in vater), substitution 

levels of 0.03 and below gave cpaque, firm, sponge-like gels similar 

to native starch gels. Gels prepared from the DS 0.04 starch were 

less cpaque, and had more sag, with less obvious separation of starch 

gel and water. Pastes prepared from the DS 0.05 and 0.06 starch 

remained fluid after freeze-thaw exposure, with no obvious separation 

of water and starch; they had a smooth salve-like consistency and 

clarity similar to that of pastes prepared from Tenderfil-8. 

Clarity of the derivatized starch pastes may be enhanced by 

co-reacting the starch with a crosslinking agent (Smith, 1982). 



CHAPTER 5 

CONCLUSIONS 

Although physicochemical, organoleptic, and nutritional 

evaluation have indicated the suitability of buffalo gourd starch for 

food use, the native starch shows extensive retrogradation when its 

gels are subjected to freeze-thaw conditions. Gels are systems of 

starch granules and water, with some granules swollen but intact, and 

others fractured and collapsed or fragmented. The swollen granules 

entrap water, and in conjunction with the polysaccharides dispersed 

in the aqueous phase, control the water distribution in the system. 

With time, reassociation of polysaccharide chains (amylose and linear 

portions of amylopectin) can occur. This retrogradative response is 

hastened by oold temperature storage, and results in the separation 

of starch and water. 

Introduction of substituting groups to buffalo gourd root 

starch inhibits the retrogradative response. Treatment of buffalo 

gourd starch with a substituting group (hydroxypropyl units) has been 

shown, in this study, to reduce the starch's susceptibility to 

retrogradation. 
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The frozen, thawed pastes of derivatized buffalo gourd 

starch, DS levels 0.04 and above, did not gel, but retained 

fluidity. Sustained association of starch and water after 

freeze-thaw exposure was accoirplished at all levels of substitution; 

higher levels of substitution corresponded with reduction in the 

retrogradative response. Freeze-thaw stability was irtproved markedly 

at DS levels 0.04 and above. 

Native buffalo gourd starch granules show viscosity behavior 

indicative of highly stable intermolecular associations; the 

viscosity of heated pastes of the starch is not diminished by shear 

forces. Resistance to a shear-thinning response enhances the ability 

of the starch to function in viscosity iraintenance, by entraping 

water. This inherent characteristic can be retained during oold 

tenperature storage through hydroxypropylation of the granule. 
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