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The effect of thermal stress, as evidenced by changes in physical and 

sensory characteristics, on wheat flour and waxy maize starch combined in 

a commercially prepared Cream of Cheese with Bacon Frozen Soup Concentrate, 

was tested objectively and evaluated by a consumer panel.  Samples for 

light photomicrographs, scanning electron micrographs, Brookfield viscosi- 

ties and temperature measurements were collected.  Sensory evaluation of 

four soup characteristics included overall acceptability, texture accept- 

ability, consistency and syneresis.  Soup was sampled at two places 

during processing, after reheating the refrigerated stored product and 

reheating after eight weeks of frozen storage. 

Results from light microscopy indicated increases in granule size 

and more deformation of starch granules with processing and storage times 

as compared with the raw starch.  Granule outlines were evident in the 

fresh, frozen and reheated product.  Scanning electron microscopy pictures 

revealed less granule integrity at the time the starch was incorporated 

into the soup.  The cooked soup appeared as a more homogeneous mass. 

With frozen storage, the mass became even more homogeneous. 



The viscosity of the soup was significantly different (p < 0.05) 

between step 5 of processing versus when ready for service, and between 

the soup immediately ready for service versus 25 minutes later.  Regres- 

sion analysis indicated that the viscosity measurements taken when ready 

for service and 25 minutes later were best indicative of the final 

viscosity of the soup (F = 120.6, significant at p < 0.05) .  A high 

correlation (r = -0.76), was found between final viscosity when ready 

for service and temperature taken at time of that test. 

Sensory evaluation of overall acceptability, texture acceptability, 

consistency and syneresis indicated that test session and scores were 

highly correlated during the first four weeks, but not during the second 

four weeks.  Analysis of variance indicated a significant difference in 

overall acceptability scores between fresh and frozen (p < 0.05).  No 

significant difference in scores was observed due to the soup being served 

for dinner or lunch. 
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PHYSICAL AND SENSORY CHARACTERISTICS 
OF A WHEAT FLOUR AND MODIFIED WAXY MAIZE STARCH SYSTEM 
IN A COMMERCIALLY PREPARED CREAM OF CHEESE WITH BACON 

FROZEN SOUP CONCENTRATE DURING PROCESSING AND AFTER STORAGE 

INTRODUCTION 

The frozen food industry is one food industry enjoying expansion and 

increasing sales.  By 1980, it is projected that the total frozen food 

poundage will reach 22 billion pounds, making an annual increase of four 

percent (Martin, 1976).  Of this total frozen food poundage, prepared foods 

are expected to grow at an annual rate of 5.5% through 1980 and comprise 

one-quarter of the total poundage of frozen foods.  Many starch containing 

items are included in these prepared and precooked foods. 

The availability of prepared and precooked frozen foods has brought 

about changes in the food service industry both in the institutional and 

restaurant areas.  These changes are reflected in the increased use of 

frozen convenience entrees in the late 1960's and early 1970's (Staff, 

1976a).  Tinsley (1978) has reported that approximately 66% of the 

commercial operators and 78.9% of the noncommercial operators serve 

frozen entrees either regularly or occasionally.  This is an increase 

of 17% and 27% in .the commercial and noncommercial sector, respectively, 

since 1976.  According to the 1976 Food Buying Trends (Staff, 1976b), 94% 

of the new entrees introduced during that year were frozen and 27% of the 

new soups were frozen.  Most of this increase was due to an increased 

usage in hospitals, schools, and colleges.  The changes in the food 

service industry were summarized by Robert Hartman (Staff, 1976c), vice 

president of a leading architectural firm specializing in hospitals. 

He saw central kitchens becoming increasingly popular where employees 

work only eight hour days, five days a week.  Food would be prepared. 
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chilled or blast frozen, or purchased in individual portions for their 

"food bank".  Reconstituting would be done in microwave ovens so meals 

could be served on a nonrigid schedule.  Hospitals aiming for efficiency in 

time and space have looked towards preplated, frozen meals to meet these 

needs.  Because of the advantages of the use of the prepared foods, these 

changes described by Hartman have taken place in a number of hospitals. 

For example, they have been successful in the Thomas Jefferson University 

Hospital in Philadelphia (Staff, 1978a).  Tinsley (1978) has estimated 

that more than 40% of food service operations such as fast food, hotel/ 

motel, full service operations and college, are planning to add a cook/chill 

or freezing system to their present form of service in the near future. 

A rapid rise in labor costs and a scarcity of skilled labor, as well 

as a move towards speciality restaurants with simplified menus and pro- 

duction, has increased the use of foods produced for restaurants by 

centralized food production factories.  Research at Cornell, under the 

Ready Foods Program, and later replicated at Pennsylvania State University, 

have shown that unusually high quality frozen prepared foods can be 

developed and be accepted by consumers (Powers, 1976).  A review (Staff, 

1978b; Chef Francisco, 1977) of the frozen entrees available indicates 

that there is substantial use of starch-containing frozen entrees 

produced commercially and noncommercially.  There is a need to update and 

define the relationship between starch-containing frozen foods and their 

quality (Hood et al., 1974b; Osman, 1967).  Since one goal of the food 

service industry is to produce high quality (Powers, 1976; West et al., 

1977) food without sacrificing efficiency, frozen foods can prove to be 

indispensible if they meet the criteria.  Changes in modes of production, 
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the preparation and development of modified starches, the influence of 

thermal stress on the food system, as well as the reaction of starch with 

other ingredients are four areas needing more research.  If the food 

service goal is to be met, these changes should be investigated. 

The objective of this study was to examine the effect of processing 

and the associated thermal stresses on the starch system of Chef Francisco's 

Cream of Cheese with Bacon Frozen Soup Concentrate.  The effect of thermal 

stress was evaluated using both objective and sensory methods.  The macro- 

structure and microstructure of the starch granule was examined objectively 

and subjectively during the following five stages of production:  raw 

starch; during cooking, immediately after the starch had been added to a 

mixture  of water, chicken base, non-fat-dried milk (NFDM), margarine and 

bacon fat; at the end of cooking; after the product had been refrigerated 

overnight and reheated; and after the product had undergone eight weeks 

of frozen storage and had been reheated.  Sensory testing was added at the 

last two stages. 

Objectively, macrostructural and microstructural changes of the starch 

granule occurring during these five stages of processing were evaluated 

using light microscopy and scanning electron microscopy.  Evaluation of 

the soup's viscosity, also a physical measure of macrostructural and 

microstructural changes of the starch granule, was determined using the 

Brookfield Synchro-Lectric Viscometer.  Time-temperature data were collected 

during reheating of the soup for service with the use of a mercury thermom- 

eter or a Tele-thermometer. 

Subjective evaluation of the soup's overall acceptability, texture 

acceptability, consistency and syneresis was accomplished by a sensory 
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panel composed of members of the Coed Cottage Cooperative on the Oregon 

State University campus, Corvallis, Oregon. 



REVIEW OF LITERATURE 

Starch Structure and Origins 

Starch is a polysaccaride composed of glucose units linked together 

to form long chains.  It is the storage.form of energy in plants.  Starch 

and other carbohydrates are produced most commonly in plants from carbon 

dioxide and water by the reaction of sunlight on the photosynthetic cells 

of the plant, although synthetic reactions in the amyloplasts also produce 

starch (Heckman, 1977).  Starch is generally first produced in the chloro- 

plasts of the plant.  This transient starch, as it is called, is dissolved 

and transported to, and used by, many parts of the plant in metabolic 

processes.  Any starch not used at this point becomes reserve starch and 

is stored in different organs of the plant such as the seed, fruit, stem, 

sheath, or root.  Starch stored in the seed is commonly harvested for 

commercial processing.  The size and shape of the granule is characteristic 

of the plant from which it comes and serves as a way of identifying the 

source of a particular native starch.  Granules may differ in diameter 

from approximately 3 microns to 100 microns. 

Native Starch.  Starch is composed of two kinds of molecules.  Amylose 

is a long linear chain of glucose units linked together with an a-1,4 link- 

age and is approximately one-fourth the size of amylopectin.  Amylopectin 

has a-1,4 linkages also, but in addition, it has a-1,6 bonds which create 

a branched structure giving it a globular shape (Schoch and Maywald, 1968). 

Amylopectin comprises 70-85% of an average starch and amylose comprises the 

other 15-30%.  Starches, such as waxy corn, waxy rice, and waxy tapioca, are 

composed of only amylopectin.  A few manufactured starches are composed 

of just amylose. 
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The granule structure of starch consists of molecules arranged 

radially in concentric shells (Hodge and Osman, 1976).  The molecules 

associate with each other, forming hydrogen bonds which create crystalline 

regions or micelles.  Between the crystalline regions within each concentric 

shell and between shells, are found more loosely packed amorphous areas, 

which are easily available to water.  Due to a high degree of molecular 

orientation within the granule, starch exhibits the property of bire- 

fringence (Banks and Greenwood, 1975).  That is, under polarized light, 

nongelatinized starch granules have dark crosses through the middle, dividing 

each granule into four parts.  Birefringence refers to the degree of molecu- 

lar orientation within the granule and not necessarily to the degree of 

crystallinity of the granule. 

Chemically Modified Starch. Starches can be chemically modified or 

derivatized to change their properties (Osman, 1972).  These starches 

have been developed mainly for commercial and institutional use for very 

specialized purposes.  Starches can be modified by mild degradation, 

crosslinking of chains, derivatizing with phosphate or pregelatinization. 

Mild degradation of starch involves either treatment with a very dilute 

acid or an oxidizing agent to hydrolyze the molecules within the granule 

(Osman, 1972) .  The cooked starch-water mixture in either case, has a 

lower viscosity than if the native starch had been used due to the frag- 

mentation of the granules.  Acid modified starches are often used in 

gumdrops because of this property. 

Crosslinking of starch controls the degree of swelling by tying the 

granule together through introduction of molecular bonds (Osman, 1972). 

Common substances used for this purpose are phosphorus oxychloride, water- 

soluble metaphosphates or epichlorohydrin. Due  to large numbers of free 
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hydroxyl groups available to form intermolecular bonds among themselves, 

these starches are unstable to freezing and thawing, and retrogradation 

readily occurs. Acetylation or propionylation can minimize this problem 

by tying up the free hydroxyl groups.  Crosslihked starches are fairly 

stable in acid mediums.  They demonstrate a lack of gel formation and 

reduction in swelling power.  Uses include thickeners for fruit pie 

fillings and commercial salad dressings. 

Monoesterification of starch molecules with phosphates lessens the 

association within the molecules thus improving the freeze-thaw stability 

of the starch (Osman, 1972).  This process is often used in conjunction 

with crosslinking to make a crosslinked starch more versatile.  This 

starch is cold-water dispersible. 

Pregelatinized starches are prepared by precooking and drying starch 

before commercial packaging (Osman, 1972).  Breakdown and retrogradation 

of the starch occurs during drying so that more pregelatinized starch 

than nonpregelatinized starch is needed for a given viscosity.  This 

starch is very useful in products such as instant puddings where cold-water 

dispersion is essential. 

Gelatinization and Retrogradation 

Gelatinization and/or retrogradation of a natural, native, or modified 

starch produces viscosity or gel strength in a food, and thus, affects the 

final quality.  The relative amounts of amylose and amylopectin in a 

native starch affect its cooking and gelling properties.  As indicated in 

the previous section, modification of native starch is done to improve, 

enhance, or change the viscosity or gelling properties desired in a food. 



8 

For example, oxidized starches have lower viscosities than their non- 

modified counterparts and give more tender gels than acid-modified starches. 

Crosslinking and derivatizing can be combined to produce starches more 

stable to thermal stress. 

Gelatinization.  Native starch, when mixed with cold water, will not 

swell appreciably (Leach, 1963).  As the temperature of a water and starch 

dispersion increases there is a slight amount of water absorbed, with this 

change being reversible up to about 60oC - 70°C.  The exact temperature 

at which the granule begins to swell rapidly is characteristic for each 

starch.  Above this temperature, swelling is irreversible and a process 

called gelatinization begins. 

Gelatinization generally begins to occur between 60°C - 70oC. 

Intermolecular hydrogen bonds in the amorphous regions begin to break with 

these higher temperatures, allowing water to enter the granule (Hodge 

and Osman, 1976).  This change is irreversible.  The water disrupts the 

micelles, resulting in the loss of birefringence, i.e. loss of the 

dark cross of the granule.  This loss of birefringence occurs at the initial 

stage of gelatinization and is an indicator used by some researchers 

(Goering et al., 1975; Lorenz, 1976) to determine the initial gelatinization 

temperature of a particular starch.  As heating continues, more water 

invades the granule and is entrapped within.  Concurrently with swelling, 

amylose leaches out of the granule (Osman, 1975).  The larger granules, 

usually less compact than small ones, begin to swell first.  The amount 

of swelling that a granule undergoes is influenced greatly by the amount 

of water available (Osman, 1972).  The micelles keep the components of the 

granule together, although small fragments of amylose do escape into the 
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surrounding medium.  Temperatures of over 100oC or strong agitation 

will disrupt the granule structure (Hodge and Osman, 1976).  Other 

researchers state that above optimum gelatinization temperature, either 

implosion (granule collapse or cave-in) or fragmentation occurs, depending 

on the degree of agitation (Osman, 1972). 

The swelling or gelatinization occurs over a range of temperatures 

known as the gelatinization temperature range (Leach, 1965) .  Each starch 

has its own range.  Gelatinization temperatures range from 520C to 63"C 

for wheat starch to 61.0°C to 77.50C for rice starch.  Waxy maize starch 

ranges from 630C to 720C.  With gelatinization, or swelling of the granules, 

there is an increase in translucency and an increase in viscosity of the 

mixture. 

Retrogradation.  Retrogradation refers to the increased association 

of the amylose and amylopectin in a gelatinized starch dispersion (Osman, 

1972) .  This is an intermolecular bonding which provides a more orderly, 

partially crystalline state.  The rate of retrogradation is influenced 

mainly by temperature and the size and shape of the starch molecules 

(Hodge and Osman, 1976).  Retrogradation is initiated after gelatinization 

and heat removal, taking place most rapidly around 0oC.  When a starch 

mixture is left to cool without agitation and the concentration and amylose/ 

amylopectin proportion is appropriate, a gel forms.  Gelling is primarily 

attributed to the amylose portion of starch, although the amylopectin and 

swollen granule structure apparently play some role.  Another form of 

retrogradation occurs during the staling or firming of bread involving 

amylopectin (Osman, 1972). 
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Starch/Ingredient Interactions 

Ingredients in Chef Francisco's Cream of Cheese with Bacon Frozen 

Soup Concentrate are listed in Table 2 (pg. 32).  Ingredients which have 

some of the greatest influence on the starch system include water, non- 

fat-dry milk, salt, bacon fat, and margarine. 

Water is the ingredient with the greatest effect on the starch system. 

The effect of water has been discussed previously in the section on 

gelatinization. The amount of water available helps determine the amount 

of swelling allowed.to take place. Soups in general have enough water to 

allow granules to expand freely and to fully gelatinize (Osman, 1975). A 

high degree of crosslinking and a fairly low temperature (85°C) for these 

starches, can help inhibit the effect of water. 

Proteins in milk have been found to have an effect on the viscosity 

of milk and starch systems (Osman, 1975).  In addition to an initial 

increase in viscosity with the addition of milk, a second increase in 

viscosity was noted by Osman with milk and starch systems in which the 

milk proteins had not been denatured.  If heated milk was used the second 

rise did not occur, resulting in a lower final viscosity.  Grant (1968) 

found similar results with puddings prepared from raw milk and milk that 

had been preheated to 950C for 15 minutes.  However, lower temperatures of 

45°C and 650C had no effect on final viscosity. 

Fats and monoglycerides also have an effect on starch systems.  Bacon 

fat added to the soup is a natural fat.  Natural fats have been found to 

lower the temperature at which the maximum viscosity occurred in a six 

percent cornstarch paste (Osman and Dix, 1960), but have no effect on the 
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maximum viscosity achieved.  Gel formation in canned soups and gravies 

can be eliminated with the addition of monoglycerides (Brokaw, 1962). 

Salts can either increase or decrease viscosity of a starch system 

depending upon concentration and type of salt (Osman, 1975).  Usually 

they do not appear in a high enough concentration to have a great effect 

in starch-containing systems.  Increasing concentrations of salts can 

have either orderly or nonconsistent effects on a starch system.  Sodium 

sulfate is a salt which produces different effects at different concentrations 

in a starch mixture with increasing temperatures. 

Microscopy 

Macrostructural and microstructural appearance of starch during 

processing and preparation have been examined by a number of investigators 

(Derby et al., 1975; Hill and Dronzek, 1973; Hall and Sayre, 1969, 1970, 

1971) using microscopes.  Both light microscopes and electron microscopes 

have been used to observe structure or changes in structure.  While the 

light microscope has been in use for a number of years, electron microscopes 

are relatively new to the field of microscopy.  Each type of microscope has 

its own range of capabilities, advantages  and disadvantages. 

Light Microscopy.  Light microscopy has been the traditional way of 

viewing the structure of starch granules (Woodruff and Hayden, 1936).  A 

two-dimensional overview of the individual granule morphology and whole 

system can be obtained.  Light microscopy has been used to identify starches 

and photomicrographs can be used to help interpret electron micrographs. 

Investigators have reported its use to evaluate the effect of enzymes 

(Sullivan and Johnson, 1964; Miller et al., 1973), ingredients (Derby 

et al., 1975; Hood et al., 1974), heating methods (Chabot et al., 1976; 
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Hansen and Jones, 1977), freezing (Woodruff and Hayden, 1936), and a 

number of other preparation stresses. 

Investigators (MacArthur and D'Appolonia, 1977) employing light 

microscopy frequently use an iodine solution to enhance definition of the 

starch granule.  Iodine complexes with amylose by filling in the core of 

the amylose helix making the helix more tightly coiled.  The iodine-amylose 

complex turns blue in the presence of amylose and red in the presence of 

amylopectin. 

Gelatinization of unmodified starch granules has been studied using 

a regular light microscope or with the addition of polarizing lenses and 

a Kofler hot stage.  Derby et al. (1975) used a light microscope to 

observe that the starch in gravy having 60% moisture was fully gelatinized 

after heating to 100°C.  Yasumatsu and Moritaka (1964) studied the appear- 

ance and size of potato granules during gelatinization, with and without 

linoleic acid.  They concluded that linoleic may be involved with the 

helical configuration of the linear fraction to form an outer layer which 

restricts the passage of water and thus slows the swelling of the granules. 

A light microscope is often used with a Kofler hot stage and/or 

polarized light to assess gelatinization temperatures.  Ungelatinized 

starch granules show birefringence, or crosses, under polarized light and 

as the granules gelatinize, they lose their birefringence.  Schoch and 

Maywald (1968) determined the gelatinization ranges of legume starches by 

this method.  Tolmasquim et al. (1971) also used this method to evaluate 

five varieties of cowpea starches.  The loss of the polarization crosses 

was associated with the release of an exudate from wheat, corn, and potato 

starches (Hill and Dronzek, 1973) .  After a heat treatment, including 
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heating to 80oC and 950C and holding for five to ten minutes, no polari- 

zation crosses were observed in corn, waxy maize, or tapioca starches 

(Chabot et al., 1976).  Lorenz (1976) found that most starches when 

defatted lost birefringence at a higher temperature than those not 

defatted, with the exception of rye, triticale, and barley. 

The determination of the degree of birefringence as a light microscope 

technique has its shortcomings.  Shetty et al. (1974) commented that using 

birefringence to measure the degree of gelatinization in food systems would 

be difficult because the granules in heterogenous mixtures could not be 

easily separated from other components in cooked food.  Miller et al. 

(1973) also criticized the method because the thermocouples recorded a 

temperature that was only an approximation of the temperature of the total 

environment of the hot stage due to convection currents, limited sample 

volume, and evaporation at high temperatures. 

The stability of corn and wheat starch gels after frozen storage was 

studied by Woodruff and Hayden (1936) with the aid of a light microscope. 

Two freezing rates, one at -20C to -30C and the other using dry ice were 

compared.  Findings revealed that rapid freezing with dry ice resulted in 

less change of structure than slow freezing. 

Light microscopy has been one of the techniques used to evaluate the 

effects of thermal processing of wheat flour (Hansen and Jones, 1977). 

The raw flour showed a protein-starch association.  As the moisture of the 

flour decreased, the gelatinization temperature range increased as 

determined using the birefringence technique.  Differences between the 

three processing times were difficult to point out. 
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A light microscope is often used in conjunction with a scanning 

electron microscope (SEM).  Lin et al. (1976) used a light microscope 

to identify slides for use in a SEM.  When using a light microscope alone, 

it is sometimes difficult to determine which features are surface detail 

and which are part of the internal structure due to the transparency of 

the starch granules.  Hall and Sayre (1969, 1970, 1971) conducted a three 

part study on many different raw, unmodified starches combining both light 

and scanning electron microscopy techniques.  They found some features 

under the light microscope which did not appear in the SEM pictures, 

suggesting that those features were part of the internal structure. 

Unmodified cornstarch was found to be polygonal and spherical in shape 

using both SEM and light microscopy (Chabot et al., 1976).  After heating 

to 950C and holding for ten minutes, extragranular fibrils and granule 

disintegration were found.  The modified cornstarches exhibited greater 

swelling than the unmodified cornstarch.  However, the modified highly 

crosslinked starch granules exhibited more folding and less swelling. 

The modified substituted starches appeared as spheres with folds with a 

little disintegration around the external surfaces.  The structural changes 

in thermal-processed wheat flour were followed with both these techniques 

(Hansen and Jones, 1977).  Large lentil shaped or small round starch 

granules were found to adhere to the protein fibrils.  At high temperatures, 

the granules became irregular in shape. 

Electron Microscopy.  Instrumentation in the field of electron 

microscopy, includes a number of transmission electron microscopes, scan- 

ning electron microscopes and combinations of both.  The transmission 

electron microscope (TEM) was the first type of electron microscope.  The 
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two-dimensional image is formed by electrons transmitted by the sample, 

magnified and focused on a fluorescent screen (Meek, 1976).  The resolving 

power is excellent, 2 A on a perfect specimen with excellent conditions, 

o 
although for general morphological information 10 A is sufficient.  Magni- 

fication can range from 100X to 2,000,000X or more.  The scanning electron 

microscope (SEM) also employs an electron beam to scan the surface of a 

sample.  The secondary electrons produced by the sample give a three- 

o 
dimensional image (Heywood, 1971).  The resolving power is about 200 A, 

and the possible magnification ranges from 100 to 100,000X.  The resolving 

power and possible magnification ranges are smaller than for transmission 

electron microscopy, but scanning electron microscopes have a greater depth 

of focus.  The three-dimensional images can be difficult to interpret 

due to the transition between two-dimensional and three-dimensional images. 

The SEM technique has been employed in studies of overall morphology and 

surface detail of starch systems. 

Transmission Electron Microscopy (TEM).  The TEM has been used to 

observe the shell structure, or alternately, electron dense and electron 

thin layers, of the unmodified starch granule (Mussalman and Wagoner, 1968). 

When cornstarch granules were stained with silver, the alteration of light 

and dark layers showed differences in susceptibility to oxidation. 

Scanning Electron Microscopy (SEM).  A review (Pomeranz, 1976) of old 

and new literature indicates SEM is a new and expanding area.  The scanning 

electron microscope employs an electron beam to scan the surface of the 

sample (Aranyi and Hawrylewicz, 1968).  Secondary electrons emitted from 

the surface of the sample are picked up by a scintillator-photo-multiplier 

system, creating the sample image on the screen of a cathode-ray tube. 
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Nonconductive samples such as starch, must be coated with a uniform layer 

of an evaporated conductive metal such as gold/palladium alloy for best 

resolution (Hall and Sayre, 1969).  Only the surface morphology of the 

granules can be observed due to this coating procedure unless the granules 

are damaged.  Thus, SEM is able to differentiate between internal and 

surface details of the transparent granules.  Due to a much greater depth 

of field with SEM, three-dimensional images of granules are possible, 

allowing a larger surface area and greater detail of the granules to be 

studied. 

SEM has been used by a number of researchers to study the size and 

shapes of both nongelatinized and gelatinized starches.  Hall and Sayre 

(1970) employed SEM to study commercially prepared starches of barley, 

five varieties of corn, oat, rice, sorghum, and two varieties of wheat. 

The cornstarch granules were generally polygonal or round in shape and of 

medium size.  The wheat starch granules varied in size from very small to 

medium and their shaped varied from round to disc-shaped.  Some features 

such as the striations or fissures noted by the light microscope, did not 

appear with SEM, indicating that they were part of the internal structure. 

The sizes and shapes of hard and soft wheat, club and durum wheat, 

triticale, rye, and Triticum dicoccum were compared by Lii and Lineback 

(1977) using SEM techniques.  With the exception of rye, all the grains 

had similar granule size and shape.  The ultrastructure of paddy and 

parboiled rice has also been studied using SEM (Watson and Dikeman, 1977). 

Detailed pictures emphasized differences in the endosperm, aleurone, germ, 

and hull. 
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The deformation of wheat, potato and two cornstarches was followed by 

SEM (Hill and Dronzek, 1973).  The study indicated that increase of 

deformation of the starch granules from SEM pictures correlated with loss 

of birefringence as noted with light microscopy.  Wheat and potato starch 

showed earlier deformation than the two cornstarches. 

The overall gel morphology and surface detail of modified starch 

milk gels was studied by Hood et aL (1974).  They found truncated egg 

shaped and round granules, both with smooth surfaces.  Granules seen under 

SEM were smaller than those seen under a light microscope.  Possibly 

granules had shrunk during sample preparation and after being subjected 

to the high vacuum of the scanning electron microscope.  Unheated wheat 

flour showed two different shapes of starch granules when the SEM was used 

by Hansen and Jones (1977).  The granules were either lentil shaped or 

small and round in a protein sheath.  As the granules were heated, they 

swelled, became disc-shaped with protein material clinging to them and 

finally became concave with crevices on the surface.  Wheat starch and 

wheat flour model paste systems have also been studied using the SEM 

by Olkku et al. (1978).  The SEM pictures showed a cloud-like structure 

of swollen starch imbedded in a mass of sugar-starch intermedia.  After 

continued cooking, a more homogenous intermedia was observed with some 

layering effect. 

Changes in the structure of starch isolated from several types of 

baked goods were compared to four model systems using the SEM by Hoseney 

et al. (1977).  Model systems included starch and water, flour and water, 

flour and sugar, and flour and shortening.  Results suggested that food 

systems with an unlimited amount of water allow more gelatinization and 



18 

deformation of the granules while those with limited amounts show less. 

As the amount of sugar increased, deformation of granules decreased.  The 

same type of effect occurred with shortening, but the effect was less 

dramatic. 

Starch granules in wheat flour and dough were studied by Aranyi and 

Hawrylewicz (1968) using SEM.  In the flour, lentil shaped and round 

starch granules were easily recognized.  A protein matrix surrounded the 

starch granules.  Starch granules were more evenly spread throughout the 

dough than the flour.  The protein matrix had stretched over and around 

the granules.  Under higher magnification, the starch granules appeared to 

have pieces of a different structure attached to them.  The authors suggested 

that possibly the different structure was the adhesive protein described 

by Hess (1954) . 

Changes in the starch granules during sprouting of wheat (Sair, 1967) 

and during attack by glucoamylases have been evaluated using SEM (Shetty 

et al., 1974).  With the SEM, differences in the mode of attack by the 

glucoamylases could be observed.  One glucoamylase, R. niveus, attacked 

the granule surface showing a spongy appearance, the other, A. niger, made 

scoop-shaped depressions and penetrated the granule. 

Viscosity 

Viscosity is a measure of the resistance to flow.  It can be expressed 

as intrinsic or apparent viscosity.  The method of measuring and expressing 

viscosity is somewhat dependent on the type of viscous dispersion being 

evaluated.  Fluids can be classified as Newtonian or non-Newtonian (Charm, 

1962) .  The viscosity of Newtonian fluids is independent of applied force 

per unit area, whereas the viscosity of non-Newtonian fluids is dependent 
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on the amount of force applied.  Therefore, Newtonian fluids show a linear 

relationship between shear stress and shear rate when plotted on a graph 

and non-Newtonian fluids will deviate from the linear relationship.  Starch 

thickened mixtures or solutions are described as non-Newtonian and further 

classified as pseudoplastic (Wood, 1968).  when describing the consistency 

of a pseudoplastic mixture, more than one consistency measurement will more 

accurately describe the mixture (Charm, 1962).  However, single measurements 

can be used for purposes of comparison. 

Apparent Viscosity.  The apparent viscosity of a solution or mixture 

is dependent upon a specific instrument and set of conditions.  A variety 

of instruments and methods are used (Shuey, 1975), however, the Brookfield 

viscometer and the Brabender Amylograph are two common instruments used 

to measure the apparent viscosity of colloidal dispersions.  Apparent 

viscosity is generally used to describe the consistency of non-Newtonian 

fluids such as starch-thickened soups and sauces (Wood, 1968). 

The Brookfield viscometer essentially measures the force required to 

turn a spindle in a liquid (Bowles et al., 1955).  Viscosities of alkaline 

starch and nonalkaline starch pastes have been measured on the Brookfield 

viscometer using a variety of spindle sizes and speeds to determine how 

well starch pastes might conform to power-law rheology (Lancaster et al., 

1966).  It was found that starch pastes, before gelling, followed the power- 

law rheology closely.  Albrecht et al. (1960) used the Brookfield viscometer 

to measure viscosities of hot white sauce pastes.  Waxy maize starch 

viscosities during different phases of digestion by a-amylase were evaluated 

with this viscometer, showing that as the amylose chains were shortened, 

viscosity decreased (Dahle et al., 1973).  The relationship between altitude 
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and viscosity has been studied using the Brookfield viscometer (Morrow 

and Lorenz, 1974).  Using viscosity data, researchers were able to quanti- 

tate the fact that viscosity decreased with an initial increase in eleva- 

tion at pregelatinization temperatures due to the lessened stress on the 

system.   At higher temperatures the gelatinization of the starches was 

sufficient to counter the effect of altitude.  Viscosity of reconstituted 

freeze-dried corn grits has been used to evaluate the extent of gelatini- 

zation.  It was found that the reconstituted product was less viscous than 

the initial product (Chan and Toledo, 1976). 

The Brabender Amylograph is an instrument which measures and graphs 

the force required to move a series of spindles in a dispersion concurrently 

with a controlled heating and cooling cycle (Shuey, 1975).  A number of 

techniques have been developed for use of this instrument during the 

heating of starch dispersions.  Three different Brabender Amylograph methods 

were compared by Miller et al. (1973) in the study of the viscosity of a 

heated wheat starch suspension.  The first method used a 10% starch suspen- 

sion in water, the second a 55% suspension with 0.8% carboxymethylcellulose 

(CMC) in water and the third method used a 1% starch concentration with 

water.  Normal curves were observed with the first two methods.  The third 

method had too low of a starch concentration to observe much increase in 

viscosity.  The Brabender Amylograph has also been used to evaluate the 

effects of lipids (Lorenz, 1976; Goering et al., 1972) and oils (Orthoefer, 

1976) on starch, the effect of pentosans on amylopectin slurries (Kim and 

D'Appelonia, 1977) and the evaluation of the maturity of wheat (Chan and 

Toledo, 1976; Kulp and Mattern, 1973). 



21 

A number of other viscometers (Lii and Lineback, 1977; Voisey et 

al., 1977) and techniques have been developed and used to obtain information 

on starch viscosity. A less accurate procedure than use of the Brookfield 

viscometer or Brabender Amylograph for determining viscosity or thickness 

of a sauce at 850C is the linespread test (Hanson et al., 1951; Grawemeyer 

et al., 1943).  Wood (1968) investigated different viscosities of reconsti- 

tuted dried sauce base and glucose syrup using a Ferranti portable vis- 

cometer.  The apparent viscosity of the sauce followed a pseudoplastic 

curve instead of a straight line as the glucose syrup did when shear stress 

was plotted against shear rate. 

Intrinsic Viscosity.  Intrinsic viscosity is a measure of the internal 

friction or resistance to displacement of "high polymeric molecules" in 

solution (Leach, 1963).  It is a dimensionless quantity not dependent upon 

a prescribed set of conditions.  This can be an excellent measurement of 

relative molecular size.  The effects of associative bonding or molecular 

entanglement are minimized because viscosities are run at very low con- 

centrations and data are extrapolated to infinite dilutions.  The largest 

problem is one of choosing the correct size of capillary tube.  Since 

intrinsic viscosity is calculated from the raw flow time, in using the 

capillary Cannon-Ubbelohde viscometer, a correction figure is needed which 

decreases as the bore size of the capillary decreases.  However, it is not 

possible to obtain true viscosity measurements totally free of instrumental 

influences, reactions between solute molecules or solute-solvent inter- 

actions.  Kulp (1973) measured the intrinsic viscosity of wheat starches 

of varied maturities in IN potassium hydroxide at 350C with a size 50 

capillary Cannon viscometer.  Dahle et al. (1973) used a Cannon 
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viscometer in conjunction with 8-amylase to chart the viscosity of gelatinized 

waxy maize starch.  This procedure determined that viscosity decreased as 

the chain shortening increased in both neutral and alkaline solutions.  The 

Ostwald viscometer was used (Medcalf and Gilles, 1965) to substantiate that 

there were no significant differences between 17 varieties of wheat and to 

note viscosity changes in thermal-processed flour (Hansen and Jones, 1977). 

Thermal Transfer of Heat 

There are many types of devices to transfer heat through foods.  Heat 

exchangers are one type, transferring heat energy from one medium to another 

by use of heat conduction and convection (Anonymous, 1976; Butterworth, 

1977).  Heat conduction is the transfer of heat through a solid body or 

layers of fluid without the movement of the hot material in the direction 

of heat flow (Butterworth, 1977).  The transfer occurs through molecular 

vibration.  Heat conduction is quantified by a term called thermal conducti- 

vity.  This term relates to the ability of a substance to conduct heat. 

Convection heating works by the motion of the fluid.  Motion can be arti- 

ficially caused as with a pump or by the heat transfer process itself. 

One of the most common types of heat exchangers used commercially is the 

rotary scraped surface type (Anonymous, 1976).  The rotary scraped surface 

heat exchanger has scraper blades to ensure constant mixing and agitation. 

A new portion of the product is constantly in contact with the heat 

exchanger surface.  Another type, the tubular model, uses steam or hot 

water for heating and cold water or glycol for cooling the product.  It is 

very efficient because the mixture being heated is kept moving.  Near the 

wall of the heat exchanger most of the heat transfer is due to conduction 
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(Butterworth, 1977) whereas more convection heat transfer occurs farther 

away from the walls. 

Sensory Evaluation 

Sensory evaluation is used to examine acceptance, as well as the 

quality and descriptive aspects of foods.  It is considered very important 

by the food industry because consumers are the ones who ultimately 

determine the acceptability of a product by their usage of it.  More 

specifically, sensory evaluation provides information on the effects of 

certain experimental treatments on a specific food item (Sidel and Stone, 

1976), maintenance of quality, improvement of products (Amerine et al., 

1965) and changes in formulations, processing or packaging (Brandt and 

Arnold, 1977).  The methodology chosen varies with the goal of the study 

with one common characteristic of all sensory tests being the use of 

panels. 

Three basic types of panels are used (Abbott, 1972).  The panels 

requiring the most experience and training are descriptive test panels which 

evaluate the amount of difference between samples and/or the direction of 

the difference.  Discriminatory sensory panels determine only if there is 

a difference between samples and these panels require some specific training 

before testing.  Consumer panels are used for consumer acceptability and 

preference tests, especially of new products.  The members on these panels 

should represent the population which would potentially use the product. 

Large numbers of panelists are employed to get a good representation of the 

public. 

Consumer panels are often employed to help determine the market 

potential of a new product, the actual introduction of new products. 



24 

quality control of existing products and the gathering of information 

concerning consumer buying behavior (Amerine et al., 1965).  Consumer 

panels are more representative of the general population than are trained 

or experienced panels when carefully chosen.  A trained panel is often 

too small and the ages, sex, income, and intelligence tends to be not as 

diverse as the general public's (Nair, 1949).  Also the trained panel is 

more critical than the consumer and sometimes differences found by a trained 

panel are not important or even noticeable to the average consumer.  Results 

of consumer panels often agree with laboratory panels, but with less 

intensity, due to a greater variability of consumer panelists and their 

environment.  Laboratory panels disregard many environmental factors such 

as price, packaging, temperature, and lighting, which could be important 

variables to consumers in the market place.  To compensate for the greater 

variability of scores with consumer panels, larger numbers of panelists 

are required.  A trained panel often has 10 people as compared to a 

consumer panel of 50-100 people (ASTM, 1968). 

Hedonic scaling is a simple but effective measuring tool to measure 

acceptability or preference of a product which works well with consumer 

panels (Moskowitz and Sidel, 1971).  The traditional hedonic scale had 

nine categories progressing from dislike extremely, to neutral, to like 

extremely (Joan Pratt, personal communication. May 1976).  Now there are 

many variations of this scale, including scales with categories ranging 

from five to nine; usage of caricatures, such as a smiley face, instead 

of verbal categories; and orientation of the scale horizontally or verti- 

cally.  A basic premise of the theory behind the scale states that the 

intervals between the adjacent categories are equal throughout the scale. 
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Equal intervals allow for statistical computations.  Cloninger and Baldwin 

(1976) suggest that perhaps the spacings between the points are not as 

equal as has been assumed.  In evaluating different hedonic scales, they 

found spacings to be more equal with a five point scale as compared with 

a longer scale.  They also found that consumer panelists tended to avoid 

extreme ends of scales, contributing to an error of central tendency. 

Another disadvantage of the scale is its lack of a true zero, making 

ratios of acceptability impossible.  Relative measures of acceptabilities 

or preferences between samples remain fairly constant from test to test 

though (ASTM, 1968).  Hedonic scaling is an easy test to administer and 

applicable in many situations.  The following studies point out some of the 

variations of hedonic scales and demonstrate how widely this scale is used 

with consumer panels. 

Consumer's acceptance of turkey roasted from the frozen state in a 

special roasting bag was conducted by Stephens (1977), over a three year 

period, using a questionnaire attached to each bird.  Opinions concerning 

the overall acceptability, tenderness, flavor and texture were rated by 

consumers on a discrete scale from very good to very poor.  The hedonic 

scaling data helped determine that turkeys roasted from the frozen state 

were comparable to those roasted when thawed.  Eighty percent of the 

panelists rated the four characteristics either as good or very good.  The 

acceptability of two varieties of cooked frozen green beans held on a 

steam table for varying holding times was evaluated by a consumer panel 

(Brenner et al., 1978).  The seven point hedonic scale helped establish 

that both varities were equally acceptable. 

The "meat space" of thirteen different types of meats was described 

with the help of both a consumer panel and trained panel (Horsfield and 
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Taylor, 1976).  Each consumer rated the acceptability of two samples on 

an eight point scale ranging from extremely acceptable to extremely un- 

acceptable. 

Ratio scaling, an alternate technique to hedonic scaling, is gaining 

popularity.  Ratio scaling is the assigning of numbers to stimuli to reflect 

the ratios among the stimuli for a certain property (Moskowitz, 1977). 

The ratio between the numbers is more important than the actual numbers. 

Advantages for this method include the fact that the scale is continuous, 

panelists can not run out of numbers and it is not biased to the extent 

that hedonic scaling is reported to be.  One type of ratio scaling is 

magnitude estimation where numbers are assigned to stimuli to show ratio 

properties.  The first sample acts as a reference on which to base the 

other samples.  A study by Moskowitz and Sidel (1971) compared both magni- 

tude estimation and hedonic scales of food acceptability.  They stated 

that the hedonic scale was important to label categories of acceptance, 

whereas magnitude estimation scaling helped determine the actual degree 

of food acceptability. 

Researchers have developed verbal scales to describe many textural 

parameters because instrumentation does not adequately describe them. 

Szczesniak et al. (1963) developed scales with common foods describing 

the steps of the scale and descriptively defining the textural parameters 

of hardness, brittleness, chewiness, guitiminess, adhesiveness and viscosity. 

The viscosity scale was an eight point scale with room temperature water 

on one end and condensed milk on the other end.  Comparison of panel scores 

with objective evalation of developed standard scales, showed they 

correlated well for all textural parameters.  Other workers, headed by 



27 

Szczesniak (1975), developed a chart to determine the degree of acceptance 

and preference or difference between samples using nontrained panels of 

consumers with lists of descriptive dipolar terms and different intensities. 

The method has been successfully tried by Szczesniak (1975) on a number 

of foods such as cooked and instant starch puddings, carrageenan gels 

and whipped toppings.  Consumers' opinions on characteristics of an ideal 

product could be obtained from this method. 

Sensory evaluation data are a very important aspect of food processing, 

especially consumer panels because the consumer is the one who eventually 

accepts or rejects a product with his purchasing power.  Sensory methods 

sometimes have more variability and can be more expensive than objective 

tests making objective methods seem more practical if they adequately 

describe the attributes of the sensory method they are trying to simulate.. 
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METHODOLOGY 

Cream of Cheese with Bacon Frozen Soup Concentrate was investigated by 

evaluation of samples in the uncooked stage, intermediary cooking stage, 

cooked stage, and frozen, reheated and served stage.  Changes with thermal 

stress during preparation and processing were evaluated (Table 1) using 

the Brookfield viscometer, light microscope, scanning electron microscope 

and a sensory panel. 

Research Design 

Sampling of soup was conducted at both Chef Francisco and Coed Cottage 

Cooperative (Table 1).  Four days were spent at Chef Francisco, Eugene, 

Oregon, for sampling Cream of Cheese with Bacon Frozen Soup Concentrate. 

The dates were February 14, March 1, 7, and 15, 1978.  Samples were 

obtained at two different times along the production line and the initial 

two batches of the day were sampled.  Batch refers to one recipe of soup 

prepared in one heat exchanger.  Sampling was arranged to accomodate normal 

production days at the plant.  This soup was prepared at least once a week. 

After cooking, the soup was cooled and mechanically bagged into three, 

four-pound bags (approximately 15 x 8.5 x 1.3 inches) per case.  After 

bagging, samples for the study were separated from the rest of the batch. 

For each sampling day, three cases of soup were obtained, one case from 

batch 1 and the case from batch 2 were put in a freezer.  The other case 

from batch 1 was refrigerated.  The following morning, samples were 

transported from Chef Francisco to Corvallis.  The two frozen cases were 

stored at -180C in a Frigidaire Food Freezer 191, General Motors, U. S. 
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Table 1. 

Sampling procedure for objective and sensory testing of Cream of Cheese with 
Bacon Frozen Soup Concentrate. 

SAMPLING 
LOCATION 

SAMPLING 
DATE 

SAMPLE 
DESCRIPTION 

TEST 

Chef Francisco Feb. 14 

Mar. 1 

Mar. 7 

Mar. 14 

Sample removed at 
intermediary cooking 
stage  (step 2) 

Sample removed at final 
cooking stage (step 5) 

viscosity 
light micrographs 
scanning electron 
micrographs 

temperature 

Coed Cottage Feb. 151'3 

Mar.  2 

1,3 Mar.  8 

1 4 
Mar. 16 ' 

April ll2'3 

April 142'4 

■2,3 April 25 

April 28 

May I2'4 

2,3 
May 4 

2,4 

May 8 
2,4 

May 10 2,3 

Sample removed when soup 
ready for service 

viscosity 
light micrographs 
scanning electron 
micrographs 

temperature 
sensory evaluation 

* Fresh soup 

Frozen soup 

3 Dinner 

4 Lunch 
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for eight weeks. The remaining one case was refrigerated at +60C for use 

that day. 

The twelve sensory tests were conducted at the Coef Cottage Cooperative 

on the Oregon State University campus, the site for the second part of the 

study.  The first four taste panels evaluated the one day refrigerated 

soup and the following eight evaluated the frozen soup stored for eight 

weeks.  The fresh refrigerated soup was served for three dinners and one 

lunch.  Soup was served for lunch the last week since no dinner was 

served that evening.  The second part of the study, with eight taste 

panels, was conducted over a four week period so that duplicate tests 

could be conducted close together without adding additional frozen 

storage time to the study.  The soup was served for one lunch and one 

dinner per week, as this was the plan most acceptable to the members of 

the cooperative. 

Dinner was served at 5:30 p.m. and lunch was served at 11:30 a.m.  Both 

meals were served buffet style and menus were controlled.  Basic meals 

were prescribed with some freedom allowed within the menus which were 

planned by the house food manager.  The basic dinner menu included Cream 

of Cheese with Bacon Frozen Soup Concentrate, cold cuts (ham or turkey 

roll with a variety of luncheon meats), bread, salad or vegetable, dessert, 

and beverages.  The type of bread, salad or vegetable, and dessert varied 

with each meal.  A typical lunch menu was composed of Cream of Cheese 

with Bacon Frozen Soup Concentrate, ham or turkey and luncheon meats, 

bread or crackers, left-overs and beverages.  Left-overs generally 

included canned fruit, cottage cheese and salads.  For detailed menus, 

see Appendix 1.  Two bags of soup were prepared for each meal. Two bags 
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of soup from the first batch prepared on each of the four sampling days 

were evaluated during the first four weeks.  After eight weeks of frozen 

storage, during the second four weeks of the study, one bag of soup from 

batch 1 and one bag from batch 2 was tested each session.  Soup prepared 

on February 14th at Chef Francisco, was tested on April 11th and 14th. 

Soup made on March 1st, was tested on April 25th and 28th.  May 1st and 

4th were the dates for the evaluation of the soup prepared on March 7th; 

and on the days of May 8th and 10th, the soup made on March 16th was 

evaluated. 

Soup Preparation Procedures at Chef Francisco and Coed Cottage 

Cream of Cheese with Bacon Frozen Soup Concentrate was prepared at 

the Chef Francisco plant by the batch method in heat exchangers.  The 

second batch was started when the first batch was about half-way through 

the cooking cycle.  Ingredients and directions for preparation of the 

soup at Chef Francisco are described in Table 2 as well as the ingredients 

and reconstitution methods of the soup for service at Coed Cottage. 

Steam heat was used in the heat exchanger to cook the soup and glycol 

was the cooling agent after cooking.  There was considerable variability 

from the beginning to the end of cooking of the different batches.  The 

second batch seemed to take a shorter period of time. 

The reconstituted soup was heated at Coed Cottage in a double boiler 

to an end-point temperature of 770C with frequent stirring.  The stove 

used was a Hotpoint Auto-matic with temperature settings of low, medium 

and high. 
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Ingredients and preparation of Cream of Cheese with Bacon Frozen Soup Concentrate at 
Chef Francisco and Coed Cottage. 

Step      Ingredients 

1 water 
non-fat-dried milk, instant 

(Sanna, Div. Beatrice Foods) 
chicken base, Lu Gout 
margarine 
rendered bacon bat 

2 Purity W Starch (3.7%, National Starch)* 
System Flour (1.8%) 
water, cold 

Combine ingredients in step 1 in the heat 
exchanger and heat to 77.50C, dissolving 
base completely. 

Combine Purity W Starch, flour system, and 
water in a separate bowl and whip out lumps. 
Strain slowly into hot sauce with augers on 
high speed.  Maintain temperature at 880C 
for 15 min. after all the slurry has been 
added. 

salt 
white pepper 

monosodium glutamate 
garlic salt 

green peppers, frozen, diced 
onions, reconstituted 
onions, dehydrated 
water 

bacon bits 

celery 

Old English cheese 

parsley flakes 

Purity W is a very stable, modified, cross-linked 
waxy maize starch (Waring, 1978).  It is an off 
white to white powder with a pH close to 6.5.  When 
cooked it is short textured, heavy, and clear making 
it an excellent choice for refrigerated and frozen 
foods such as gravies, stews, and soups. 

3.  Thoroughly mix ingredients in step 3 in a 
roll-around bowl.  Sprinkle into heat 
exchanger after slurry has been added. 

4-.  Add green peppers, onions, and water to the 
hot sauce and mix well.  Weigh and adjust. 

5.  Add cheese to the soup and keep the tempera- 
ture between 71"C and 76.50C until the 
cheese has melted.  Turn off heat and add 
bacon, mixing well.  Cool. 

Combine the parsley flake 
the cold sauce and mix. 

Bag soup. 

s and celery with 

to 



TABLE 2 (continued) 

Ingredients and preparation of Cream of Cheese with 
Bacon Frozen Soup Concentrate at Coed Cottage Coop. 

2 bags Chef Francisco Cream of Cheese with 
Bacon Frozen Soup Concentrate 

1 gallon 2% milk (gal/bag of soup) 

1. The frozen soup was taken out of each bag 
and cut into pieces approximately 6" x 1" 
x 0.5". 

2. The pieces were put into a double boiler over 
boiling water. The high setting on the stove 
was used. 

3. Two percent milk was added slowly to the soup, 
stirring with a wire whip to mix. 

4. Throughout the heating period, the soup was 
stirred frequently to promote more uniform 
heating and to prevent scorching or curdling. 

5. The soup was heated to an end-point temperature 
of 77"C. 

6. Two bags of soup were prepared in the above 
manner for each meal. 

to 
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Sampling Times at Chef Francisco and Coed Cottage Cooperative 

At Chef Francisco, samples for the viscosity, temperature, SEM, and 

light microscopy tests were collected at two places along the production 

line.  The two places were:  (1) immediately after the Purity W starch, 

flour system and water had been added to the heat exchanger (step 2, 

Table 2) and (2) immediately after the bacon had been added (step 5, 

Table 2).  Samples at Coed Cottage for the identical objective tests 

as those obtained at Chef Francisco were taken immediately after the 

soup was ready to be served and again 25 minutes later.  The sensory test 

was administered during the meal at which the soup was served. 

Test Methods 

Time-Temperature Data.  The temperature of the sample was obtained 

at the time viscosity measurements were made at both Chef Francisco 

and Coed Cottage using a Tele-Thermometer (YSI Model 42SC, Yellow 

Springs Instrument Co. inc..  Yellow Spring, Ohio).  The length of time 

taken for the soup to reach 770C during heating at Coed Cottage was 

recorded.  While heating, the soup's temperature was checked periodically 

with a mercury thermometer (range -20° to 110oC). 

Viscosity Determinations.  At Chef Francisco, viscosity of the soup 

just after the starch had been added, and after the bacon had been added, 

was determined using a Brookfield Synchro-Lectric Viscometer (Model RVF, 

serial #49102, Brookfield Engineering Laboratory Inc., Stoughton, Mass.). 

A spindle size of six and appropriate speeds were used on the Brookfield 

for these measurements.  Data from the Brookfield viscometer readings 

were converted to centipoises (CPS) using the conversion chart provided by 
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Brookfield Engineering Laboratory (1961).  The soup sample was scooped 

with a sanitized ladle into a plastic cup with the dimensions of 8.7 cm 

x 7.8 cm x 10.6 cm for the viscosity determinations. 

At Coed Cottage, the viscosity of the soup was determined with the 

Brookfield Synchro-Lectric Viscometer, using a spindle size of three and 

a speed of 20 rpms during the taste panels.  A sample of soup, approxi- 

mately 275 ml, was scooped into the plastic cup.  Readings were taken 

immediately after the soup had reached 770C and again 25 minutes later. 

Light Microscopy. Photomicrographs were taken using a Leitz Wetziar 

light microscope and camera with Kodak black and white film (FX 135-20, 

ASA 125).  A 60X magnification was used for the first four weeks and a 

100X magnification was used the second four weeks.  One drop of sample 

from a straight medicine dropper (Glass Products Co., Somers Point, N.J.) 

was placed on a microscope slide  (Braunknecht-Heimann Co., Scientific 

Supplies Co.), and spread thinly with a small metal spatula.  The sample 

was stained with a dilute solution of iodine and potassium iodide.  A 

concentrated stain (MacArthur and D'Appolonia, 1977) of 0.4% iodine (Baker 

Analyzed reagent Iodine, J. T. Baker Chemical Co., Phillipsburg, N. J.) 

and potassium iodide, 0.1% (U.S.P.-F.C.C., J. T. Baker Chemical Co.) 

was prepared at the beginning of both parts of the study.  Just before 

use the stain was diluted 1:1 with distilled water.  The stain had a 

pH of 4.86. 

At Coed Cottage Cooperative, the technique was the same as described 

above.  Pictures were shot immediately after the soup was ready for 

service and again 25 minutes later. 
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Scanning Electron Microscopy 

Freeze-drying.  The soup samples were first freeze-dried in preparation 

for the scanning electron micrographs.  Duplicate samples were taken from 

the soup just after the starch had been added and after the bacon had been 

added during preparation at Chef Francisco.  The soup sample was dropped 

from a medicine dropped into a 5ml vial (Wheaton 223738 S-104E serum 

bottle) partly filled with liquid nitrogen.  The samples were kept frozen 

in liquid nitrogen and dry ice, brought back to Oregon State University 

and stored under dry ice in a -2.0oC freezer (Frigidaire Frost Proof Food 

Freezer Deluxe, General Motors USA).  The frozen samples were later freeze- 

dried overnight (12 hrs.) in an Atmo-Vac Table Freeze Drier (Model #50000 

Refrigeration for Science Inc., Island Park, N.Y.) before final preparation 

of the samples for scanning electron micrographs. 

Mounting and Microscopy.  After drying, clean glass cover slips, 13 mm 

in diameter were fastened to aluminum planchets with colloidal silver 

paint (Pelco Cat. #1603-4) / (Alfred Soeldner, personal communication, Sept. 

1977) .  One small drop of polyvinyl chloride adhesive solution (Pelco, 

"MIKROSTIK" #1603-3) was placed on each mounted cover glass and the solvent 

allowed to evaporate completely.  The freeze-dried samples were then 

transferred and dusted onto the adhesive with toothpicks. 

The prepared planchets were fastened in a rotation tilting device 

(Fullam #1253) in a Varian VE-10 vacuum evaporator and brought to a 

pressure of about 1 x 10  '  Torr (Alfred Soeldner, personal communication, 

Sept. 1977).  Two hundred A of 60:40 gold/palladium alloy was then deposited 

on the samples by vacuum -evaporation.  Microscopy was done at 15Kv in an 

ISI Mini-SEM MSM-2 scanning electron microscope and images were recorded 
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on type 55 Polaroid film using magnifications of 100X, 200X, 400X, 700X, 

and 2000X. 

The samples for SEM were treated the same way at Coed Cottage Coopera- 

tive as at Chef Francisco, with a slight modification in the sampling 

technique.  Quadruplicate samples instead of duplicate samples were col- 

lected from each pan of soup immediately after the soup was ready for 

service and again 25 minutes later, totaling 16 samples per meal.  Of the 

quadruplicate samples, two were smears and two were drops.  The smear 

was made by taking a small amount of soup (about 1-2 ml) on a small metal 

spatula and smearing it along the side of a 5 ml vial.  The sample was 

placed immediately in a pan of liquid nitrogen for a very fast freeze. 

The drop samples were made by dropping one drop from a medicine dropper 

into a 5 ml vial half-full of liquid nitrogen.  These samples were freeze- 

dried for approximately 18 hours. 

Sensory Evaluation.  A sensory panel composed of the members of the 

Coed Cottage Cooperative evaluated both the fresh soup refrigerated for 

one day and the frozen soup for its overall acceptability, texture accepta- 

bility, consistency, and syneresis characteristics.  There were 42 members 

living in the cooperative during the first four weeks and 32 members during 

the second four weeks. 

Scorecards and pencils were set by each member's place at dinner. 

They were asked to fill out the scorecard and leave it in a box as they 

cleared their own plates at the end of the meal.  Since there were fewer 

people for lunch than dinner, the scorecards were placed at the end of the 

buffet table to be picked up and completed by each person at lunch.  An 

example of the scorecard is shown in Figure 1. 
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SCORECARD FOR SENSORY EVALUATION OF CHEESE SOUP 

Please evaluate the following sample of cheese soup for each of the quality 
characteristics listed below.  Just check the space opposite the word or 
phrase that best describes your feeling about the characteristic in question. 

Overall Acceptability Texture Acceptability (exclude flavor) 

excellent 
good 
OK 
fair 
poor 

excellent 
good 
OK 
fair 
poor 

Consistency 

stiff, too thick 
thick 
moderately thick 
thin 
very thin and runny 

Syneresis (separation into liquid and 
solid parts) 

much separation (curdling) 
some separation (curdling) 
slight separation (curdling) 
no separation (curdling) 
No separation (curdling) and 
very smooth and creamy 

Comments: 

Name: 

Thank you very much 

Figure 1.  Scorecard for sensory evaluation. 
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Data Analysis.  Both the light microscopy and SEM pictures were 

qualitatively analyzed and compared at the different stages of processing 

and storage.  Statistical analysis of viscosity tests, temperature determina- 

tions, length of reheating times and storage times was computed on the data. 

The Statistical Interactive Programming Systems (SIPS) sub-program on both 

the CDC 3300 and CYBER 70/73 computers on the Oregon State University campus 

was used with computer time made available by a research grant for unspon- 

sored research. 

Means and standard deviations of the viscosity tests, temperature 

tests, length of reheating time and storage time were computed on the 

Hewlett Packard 9810A Model 10 Calculator with Statistics Blocks (Hewlett- 

Packard Co., 1971).  Correlations between these factors were also 

calculated.  A regression analysis involving a variance-covariance matrix 

using final viscosity of the soup when ready for serving as the response 

variable, two classification variables, an interaction term and five 

independent variables was employed. 

Sensory data were analyzed using means, standard deviations, correla- 

tions and a two-factor analysis of variance.  Each of the four quality 

characteristics on the scorecard was described by five words or phrases 

and a discrete scale with numbers ranging from one to five was assigned 

to each of the characteristic's words or phrases.  Numbers were totaled 

and means computed for each tasting session.  Means and standard deviations 

appear in Table 4 (p. 56).  The average number of panelists and the average 

number of times a panelist tasted the soup were also calculated.  Corre- 

lations between tasting sessions and sensory scores were calculated to 
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determine if scores changed over time.  A two-factor analysis of variance 

of the data (Nie et al., 1975) provided information about fresh and frozen 

soup interactions and lunch and dinner interactions with respect to the 

four sensory characteristics. 
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RESULTS AND DISCUSSIONS 

The effect of thermal stress on the starch system of Cream of Cheese 

with Bacon Frozen Soup Concentrate was evaluated using qualitative inter- 

pretations of scanning electron microscopy (SEM) and light microscopy 

pictures, as well as Brookfield viscosity and temperature measurements, 

storage data, and reheating time.  The overall acceptability, texture 

acceptability, consistency, and syneresis characteristics of the soup 

were evaluated by a sensory panel.  Thermal stresses included cooking, 

cooling, refrigeration, frozen storage, and reheating of the soup. 

Microscopy 

Figure 2 shows a comparison of representative light microscopy and 

SEM pictures of Purity w (Frames A and B) and the System Flour (Frames 

C and D) used in the soup.  These two starch systems are in the raw state 

and have not been altered by heat. 

Purity W granules (Figure 2, Frames A and B) as observed by light 

microscopy and SEM, generally appeared to be round with a variety of sizes. 

This appearance is similar to the findings of Hall and Sayre (1970).  The 

SEM picture did have more of a three-dimensional appearance due to the 

greater depth of field.  This greater depth of field is one of the large 

assets of the SEM technique to this study.  A higher SEM magnification of 

the starch is in Appendix III (p. 75).  The light photo-micrograph pictures 

show a slight clumping, perhaps due to the reaction of iodine and starch 

(amylose).  If the iodine stain is too strong, granules tend to clump 

together. 
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Fig. 2-Comparison of Purity W and System Flour, raw state using light 
microscopy and SEM, representative pictures:  (A)  Purity W, light micros- 
copy (100X); (B) Purity W, SEM (100X); (C) System Flour, light microscopy 
(100X); (D) System Flour, SEM (100X). 
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The System Flour granules (Figure 2, Frames C and D) showed fairly 

typical wheat starch shapes.  Granules were either disc-shaped or small 

and round.  Other investigators (Hill and Dronzek, 1973; Hall and Sayre, 

1970) have described similar wheat starch granule shape but added that 

the disc-shaped granules were considerably larger and thinner as compared 

with the small round granules.  A few granules appeared deformed (Figure 2, 

Frame C), perhaps due to extraction and milling of the flour.  According 

to Osman (1967), two to four percent of the starch granules can be damaged 

by the milling and extraction process.  Another possible reason for 

deformation may be the packing in the endosperm of the wheat kernel 

(Hoseney et al., 1977).  This also may be viewed in the micrographs in 

Appendix III (p. 75). 

The light photomicrographs and SEM pictures in Figure 3 illustrate 

the effect of processing on the soup.  The photomicrographs of step 2 of 

processing (Figure 3, Frames A and C) indicated the appearance of a definite 

granule structure with very few damaged granules.  Both large and small 

granules were present.  The large disc-shaped appearing granules were 

probably wheat granules from the System Flour and the small granules 

were either the small, round, or oval wheat starch granules from the 

System Flour and/or cross-linked waxy maize starch granules from the 

Purity W starch.  The two starch systems were difficult to distinguish 

from each other in the light microscopy and SEM pictures after incorpora- 

tion into the other ingredients of the cheese soup.  Others have found 

similar problems with studying starch systems and flours (Wigman et al., 

1956) .  Perhaps a higher quality light microscope and camera, such as a 

Leitz Ortholux Research microscope and 35 mm camera with a polarizer, as 
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Fig. 3-Effect of processing on the starch system of the soup, light mi- 
croscopy and SEM, representative pictures:  (A) Step 2, light microscopy 
(60X); (B) Step 5, light microscopy (60X); (C) Step 2, SEM (100X); (D) 
Step 5, SEM (100X) . 
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used by Hall and Sayre (1970) would have been more useful for identification. 

With the light microscope camera used in the present study, clear pictures 

were difficult to obtain, partly due to the camera and the technique.  For 

example, some fuzziness may have been due to movement of the camera when 

the shutter was released.  Also, if the soup sample on the slide was too 

thick, granules from underneath the surface would not appear in focus. 

Due to the problems involved, no further differentiation in the photo- 

micrographs will be possible between the two starches. 

The most obvious changes in the granules from step 2 to step 5 were 

the increase in deformation and the formation of a more homogeneous mass. 

Representative pictures of both light microscopy and SEM supporting this 

appear in Figure 3 with higher magnifications in Appendix III (p. 76 ). 

A large increase in size was not seen, as might be expected to 

accompany gelatinization during cooking of the soup, although a slight 

increase was observed.  The lack of a large definitive change in size could 

be attributable to the characteristics of both Purity W and the System 

Flour.  Perhaps the Purity W starch had swollen to its limit by the time 

the first sample was taken.  The cross-linking of the Purity W starch 

(Appendix II, p. 73 ) would restrict the swelling ability of this starch 

by the additional intermolecular bonding (Osman, 1972) .  In work by 

Holmes (Zoe Ann Holmes, personal communication, April, 1979), on the 

System Flour, the starch granules in a flour-water mixture showed disin- 

tegration with holding at 880C for 2.5 hours.  The holding time and tempera- 

ture approximated the processing time and temperature used at Chef Fran- 

cisco.  The constant agitation from the heat exchanger in addition to 

heating time (2.5 hrs.) and temperature (880C) could also have contributed 
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to the lack of a large observable increase in size and the formation of 

a more homogeneous mass. 

The formation of a more homogeneous mass from prolonged cooking of 

wheat starch and wheat flour systems has also been observed by Olkku et 

al. (1978).  In the present study, the increase in homogeneity could indi- 

cate starch granule breakdown.  Such starch granule breakdown usually 

results in decreased viscosity.  A decrease in viscosity between step 2 

and step 5 was supported by the Brookfield viscosity measurements (p. 52) 

in this study. 

The difficulty of defining the changes in starch with the added 

heating from step 2 to step 5, is compounded by the other flour and soup 

components.  Granules in Figure 3, Frames C and D (also see Appendix III, 

p. 76 ) appeared to be attached to, or were associated with fibrous protein. 

Other workers, for example Hansen and Jones (1977) and Hoseney et al. 

(1977), have mentioned this association between starch and protein. 

Hansen and Jones (1977) studied the effect of thermal processing of wheat 

flour.  They found starch granules to be surrounded by a protein sheath 

after processing at 108"C and the granules adhered to protein fibrils 

after processing at 150"C.  Both temperatures were considerably higher 

than those considered in the present range (710-830C) but the relation- 

ship between the starch and protein can still be noted.  Hoseney et al. 

(1977) also suggested an association between starch and protein in a flour- 

water model system at 900C, a temperature high enough for gelatinization 

of wheat starch to have occurred.  The protein appearing strands in the 

present study could be either cheese, milk, or gluten.  Elino et al. 

(1976) described cheddar cheese curds made with rennet, bovine pepsin, or 
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porcine pepsin as stringy or fibrous, especially the curds coagulated 

with bovine or porcine pepsin. 

The effect of approximately 24 hour refrigeration and reheating of 

the fresh cheese soup is shown in the photomicrographs in Figure 4.  Higher 

magnification is shown in Appendix III (p. 77).  After 24 hours of 

refrigeration and subsequent reheating of the fresh soup to 78"C, granule 

outlines were still apparent with light microscopy.  Granules in Frame A, 

in general, were slightly smaller and fewer of the granules were deformed 

than in Frame B.  The soup system had an adequate amount of liquid for 

complete gelatinization of the starch (Wood, 1968)  and plant cooking 

and reheating temperatures of 880C and 780C, respectively, were high 

enough to allow gelatinization to take place.  The gelatinization tempera- 

ture ranges for both wheat flour and waxy maize starch were below 770C, 

although effects of other ingredients such as the proteins from the milk 

and cheese, bacon fat, and salts could effect the viscosity of the soup. 

As shown in Frames C and D, (Figure 4), individual granules were difficult 

to distinguish in the SEM pictures, both after cooking and after refrigera- 

tion and reheating.  Less clumping and more homogeneity was apparent in 

the reheated soup than after step 5, perhaps due to the constant stirring 

and additional heat input during the reheating step.  Dilution of the con- 

centrate with two percent milk would also have decreased the concentration 

of starch in the soup.  As stated previously, the homogeneous mass may 

indicate starch granule breakdown during heating and holding.   Additionally, 

part of the homogeneity may be caused by the leaching of amylose from the 

granule into the surrounding medium, creating a network between the 

ingredients (Miller et al., 1973).  Miller suggests that without this 
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Fig. 4-Effect of one day refrigeration and reheating on the starch system 
of the soup, light microscopy and SEM, representative pictures:  (A) Step 
5, light microscopy (60X); (B) Fresh reheated, light microscopy (60X); 
(C) Step 5, SEM (100X); (D) Fresh reheated, SEM (100X). 
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network, viscosity will not develop.  Other researchers (Chabot et al. 

1976; Olkku et al., 1978) have also indicated the presence of an exudate 

from the granule. 

Not much change was observed microscopically in the starch system 

between the time it was ready for service versus sitting for 25 minutes -. 

Pictures appear in Appendix III (p. 78 ). One reason for not much change may 

be due to the microscopic technique which could not define differences 

during the 25 minutes waiting period when the soup had been removed from 

the heat and was cooling.  With the removal of heat after gelatinization, 

starch molecules tend to realign themselves during a process known as 

retrogradation (Osman, 1972).  If the temperature drops far enough, and 

the starch concentration is high enough, a gel can form.  This possibly 

could have been occurring during the 25 minute sitting period in the 

present study.  Results from the Brookfield viscosity measurements (p. 52) 

tend to support this hypothesis. 

Eight weeks of frozen storage did appear to have an effect on the 

starch structure of the soup after reheating.  The changes are seen in 

Figure 5 (also Appendix III, p. 84).  The SEM comparison (Frames C and D) 

of fresh and frozen reheated soups show the surface of the soup as a 

homogeneous mass without individual granules.  These findings are similar 

to research done by Hood et al. (1974a) with their work with the freezing 

and thawing of modified tapioca starch-milk gels.  After several freeze- 

thaw cycles, they found ruptured starch granules and starch granule 

material spread throughout the continuous phase. 

Possibly because of the light microscopic technique and the diluting 

/ effect of the milk, even in the frozen reheated soup, granule outlines could 
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Fig. 5-Effect of eight weeks frozen storage and reheating on the starch 
system of the soup, light microscopy and SEM, representative pictures: 
(A) Fresh reheated, light microscopy (60X); (B) Frozen reheated, light 
microscopy (100X); (C) Fresh reheated, SEM (100X); (D) Frozen reheated 
SEM (200X). 
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be seen with light microscopy (Figure 5, Frame B).  Frame A still had some 

intact granules as opposed to Frame B after frozen storage, where some 

increase in size and more deformation occurred.  Deformation seen under 

light microscopy occurred less often with the small granules than with the 

larger granules.  Small round wheat starch granules have been found by 

Kulp and D'Appolonia (1973) to have a lower amylose content than the large 

wheat granules, suggesting a higher degree of crystalline organization. 

Thus intrinsic structural differences between both types of granules may 

allow less penetration of water resulting in less deformation of the small 

granules.  The freezing process itself tends to weaken the intermolecular 

bonds within the granule, allowing granule rupture to occur.  The soup 

was constantly stirred during its reheating, creating another situation 

for possible deformation of the granule. 

Objective Evaluation of the Data 

Objective data collected included viscosity measurements, temperature 

measurements, length of storage and reheating time.  Sensory data on the 

overall acceptability, texture acceptability, consistency and syneresis 

of the soup were gathered using college students during 12 taste panel 

sessions.  Raw data for the objective tests appear in Appendix IV (p. 79). 

Viscosity varied considerably during the plant operation at Chef 

Francisco, in Eugene, Oregon.  No significant difference was observed 

between step 2 and step 5 of processing (Table 3) although individual 

data (Appendix IV, p. 79) indicated a trend toward a decrease in 

viscosity at this point.  The wide variation in viscosities at these steps 

could account for the lack of significance.  The large variation also 
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TABLE 3 

Viscosity and temperature means and standard deviations (St. Dev.) during 
processing, reheating, and 25 minutes later for Cream of Cheese with 
Bacon Frozen Soup Concentrate. 

Point of Viscosity Temperature 
Determination        Means & St. Dev..        Means & St. Dev. 

(cps) (0C) 

Batch   Step 2 119,606.3  ±  95,907.1        63.2  ±  1.04 
1 Step 5 58,250.0  ±  31,717.0        66.0  ±  5.29 

Pan 1 Ready for 
service, fresh soup  541.3a ±    116.8        72.0  ± 5.60 

Pan 1 25 min. later, 
fresh soup 2,078.8  ±    538.2        60.7d ± 4.54 

Pan  2  Ready for 
service,   fresh  soup       435.0a   ± 232.9 72.8     ±    8.22 

Pan 2 25 min. later, 
fresh soup 2,075.0b ±    912.4        56.7d ± 4.7 

Pan 1 Ready for 
service, frozen soup  469.9  ±     61.9        75.4  ± 1.85 

Pan 1 25 min later, 
frozen soup        1,668.8C ±    165.2        57.4e ± 1.85 

Batch   Step 2 452,625.0  ±752,287.5        66.5  ± 3.70 
2 Step 5 45,556.3  ±  14,311.4        72.8  ± 9.43 

Pan 2 Ready for 
service, frozen soup .504.7  ±    125.7        75.1  ± 2.10 

Pan 2 25 min. later, 
frozen soup        1,503.1° ±    520.9        57.6e ± 4.07 

Viscosity ready for service significantly different from step 5 (p<0.05) 

Viscosity 25 min. later significantly different from ready for service, 
fresh soup (p < 0.05) 

cViscosity 25 min. later significantly different from ready for service, 
after frozen storage (p < 0.05) 

^Temperature 25 min. later significantly different from ready for service, 
fresh soup (p < 0.05). 

eTemperature 25 min. later significantly different from ready for service, 
after frozen storage (p < 0.05) 
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suggested variability in plant operations.  The company allowed a ±2% 

deviation per recipe and variation was certainly possible.  The viscosity 

of the soup was significantly different (p < 0.05) between step 5 of 

processing and when the soup was ready for service at Coed Cottage for 

both batches (Table 3) .  The viscosities of the soup when ready for service 

versus 25 minutes was also statistically significant (p < 0.05) for both 

batches.  The 25 minute span approximated the time from removal from heat 

and the longest possible time before any panelist began eating.  The 

viscosity of the reheated soup when ready for service after frozen storage 

was not statistically different (p < 0.05) from the viscosity of the 

fresh soup at the same point. 

The decrease in viscosity observed between step 2 and step 5 during 

processing could be attributable to starch granule breakdown due to 

agitation in the heat exchanger over a period of time in combination with 

heat.  Similar results were found by Olkku et al. (1978) in their work 

with wheat starches and flours.  The viscosity of their starch thickened 

mixture decreased due to starch breakdown with agitation and over a period 

of time.  The negative paired t statistic for the soup when ready for 

service versus 25 minues later, indicated an inverse relationship between 

these two times (Table 3).  As the soup cooled while sitting, the 

viscosity increased.  Perhaps this was due to the beginning of realignment 

(retrogradation) of the starch fractions and granules caused by the removal 

of heat.  The decrease in viscosity occurring between step 5 versus when 

the soup was ready for service was due mainly to the reconstitution with 

pasteurized, two percent milk prior to heating.  The lack of a significant 

effect of frozen storage on the Brookfield viscometer values may be due 
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to the length of frozen storage.  In a year long storage study reported 

by Baldwin et al. (1972), the viscosity of a modified waxy maize thickened 

gravy at four weeks was more similar to the initial viscosity than at any 

of the other sampling times. 

A regression analysis on the variables, fresh versus frozen, 

viscosity taken when the soup was ready for service or 25 minutes later, 

temperature at time of viscosity test, length of storage and reheating 

time was done to find which of these variables were important in predicting 

the final viscosity of the soup when ready for service at Coed Cottage. 

Only one variable had any significance.  The classification variable 

denoting whether the viscosity had been taken when the soup was ready 

for service versus 25 minutes later was significant at the p < 0.05 

level (F = 120.6).  This indicated that viscosities taken when the soup 

was ready for service and 25 minutes later were the most indicative of 

the final viscosity of the soup when ready for service.  This is a rather 

obvious finding.  However, none of the other classification and independent 

variables of fresh versus frozen, temperature at time of viscosity test, 

length of storage or reheating time, were found to be significant, 

indicating that these variables acted independently of the final viscosity 

and of each other.  The regression equation with all variables and the 

regression equation showing significance appears in Appendix IV (p. 84). 

Correlations between all of the objective variables revealed a 

significant correlation (r = -0.79) only between the final viscosity 

of the soup when ready for service and the temperature taken at the time 

of that test (Appendix IV, p. 85)•  Significant correlations between 

temperatures and their respective viscosities might have been expected at 
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at steps 2, 5, and 25 minutes later.  The wide variation in viscosities, 

especially at steps 2 and 5, may have obscured any relationship that was 

present.  Viscosity and temperature means and standard deviations appear 

in Table 3. 

Sensory Evaluation of Data 

Means and standard deviations of the four quality characteristics 

according to test session are presented in Table 4.  Both overall accepta- 

bility and texture acceptability mean scores ranged from excellent to OK 

and individually from excellent to poor.  Generally, the scores were in 

these top three categories, indicating a general liking of the soup. 

The mean scores for consistency of the soup varied from thick to thin, 

with one score of very thin and runny.  Some of the variation in scores 

could have been due to the slight differences in time of tasting the 

soup.  The soup was served from a buffet line and thickened as it cooled. 

Mean values for syneresis of the soup ranged from some separation or 

curdling to no separation and very smooth and creamy.  The scores tended 

to center around the bottom three categories. 

Test session and score correlated highly during the first four 

weeks, suggesting a time trend for overall acceptability, texture 

acceptability, and syneresis.  Although the texture acceptability charac- 

teristic was the only one that was statistically significant, the correla- 

tions of overall acceptability and syneresis to test session were high 

but not statistically significant due to the small sample size of four. 

Over the next four weeks, scores did not correlate significantly with 

test session in any of the four characteristics.  Correlation values appear 
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TABLE 4 

Session means, overall means, and standard deviations (St. Dev.) of 
sensory scores by test session involving Cream of Cheese with Bacon 
Frozen Soup Concentrate.a 

No. of Overall Texture 
Session13 panelists Acceptabili -ty Acceptability Consistency Syneresis 

1 30 1.5 1.7 3.0 4.8 
2 30 1.7 1.8 2.6 4.2 
3 31 2.0 2.2 3.0 4.0 
4 18 1.8 2.1 2.7 4.2 

5 22 2.1 1.9 3.0 4.3 
6 13 2.3 2.8 3.2 3.3 
7 14 2.1 2.3 3.3 3.6 
8 13 2.3 2.3 2.7 3.9 

Subtotal Means and St. Dev. 

1-4 1.8 ± 0.04 2.0 ± 0.07 2.8 ± 0.05 4.3 ± 0.12 
5-8 2.2 ± 0.01 2.3 ± 0.14 ' 3.1 + 0.07 3.R ± 0.18 

Overall Mean and St. Dev. 

1-8    2.0 ± 0.08 2.1 ± 0.12 2.9 ± 0.06 4.0 ± 0.12 

a Scale Ranges:  overall acceptability (1 designates excellent, 5 desig- 
nates poor); texture acceptability (1 designates 
excellent, 5 designates poor); consistency (1 designates 
stiff, too thick, 5 designates very thin and runny) ,- 
syneresis (1 designates much separation, 5 designates 
no separation, very smooth and creamy). 

" Sessions 1 through 4 tasted fresh, refrigerated soup, and sessions 
5 through 8 tested frozen, stored soup. 
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in Appendix IV (p. 86).  Reactions to the soup became slightly less 

favorable with time during the first four weeks, but not during the 

second four weeks.  The novelty of the soup during the first part of the 

study perhaps elevated the scores.  Toward the end of the study, the 

soup was just part of the routine.  The use of this relatively small 

(Amerine and Pangborn, 1965) consumer panel over a period of time may 

not have been entirely appropriate.  Sensory scores did not correlate 

(p < 0.05) with viscosity measurements.  Szczesniak et al. (1963) has 

reported a correlation between Brookfield viscosity values and panel 

scores using a variety of fluids.  The relationship between the Brookfield 

viscosities and panel scores was curvilinear after Brookfield viscosities 

had been changed to centipoises and plotted on log paper. 

A difference in sensory scores between fresh and frozen with 

respect to overall acceptability was found at the p < 0.05 level (Table 5). 

However, texture acceptability, consistency and syneresis showed no signifi- 

cant differences.  These results suggest that the panel could detect 

overall changes in the soup, but more specific differences in texture, 

consistency, and syneresis were not significant enough to be noted. 

Baldwin et al. (1972) reported no significant difference (p < 0.05) when 

they evaluated texture, consistency, and mouthfeel of gravy prepared 

with cross-bonded waxy maize starch after one year of frozen storage. 

Whether the soup was served for lunch or dinner had no effect on the 

scores, except for the consistency characteristic which was borderline 

(Table 5). 

The change in overall acceptability scores from fresh to frozen 

can be related to the changes seen in the light microscopy and SEM pictures. 
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TABLE 5 

F values for sensory data for Cream of Cheese with Bacon Frozen Soup 
Concentrate:  2-way interaction; lunch versus dinner and fresh versus 
frozen; and 1-way; fresh versus frozen. 

2-way interaction 

Overall acceptability F 

main effects        fresh/frozen 5.369 
lunch/dinner 0.012 

Texture acceptability 

main effects        fresh/frozen 0.550 
lunch/dinner 0.330 

Consistency 

main effects        fresh/frozen 0.094 
lunch/dinner 4.9371 

Syneresis 

main effects        fresh/frozen 1.535 
lunch/dinner 0.671 

1-way interaction 

Overall acceptability 

main effects        fresh/frozen 8.931^ 

Texture acceptability 

main effects        fresh/frozen 1.425 

Consistency 

main effects        fresh/frozen 0.0 

Syneresis 

3 
main  effects fresh/frozen 2.613 

^borderline  significance 
Significant at p <  0.05 

no  significance at p  < 0.05 
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Concurrent with the decreased overall acceptability scores, the micro- 

scope pictures (Figure 5, p. 50) show a change towards less defined 

structures and more deformation of the starch granules.  Possibly as a 

consequence of the freezing, storage, and reheating processes, the panel 

perceived the probable starch granule breakdown.  The large amount of 

change seen in starch structure microscopically between the fresh and 

frozen samples did not seem to affect the scores of texture acceptability 

consistency, or syneresis.  No statistically significant (p < 0.05) 

differences in the fresh and frozen scores were found. 

The four sensory characteristics may have been influenced by the 

panel.  During the first part of the study, the average number of panelists 

per week was 27, with a range from 18 to 31 and the second part of the 

study averaged 15 panelists, ranging from 6 to 25.  Sample sizes of 

panelists were smaller and more variable the second half due to a number 

of factors including:  ten fewer people living in the cooperative, fewer 

numbers of people eating lunch than dinner and possibly an apathy towards 

the soup.  Midterms and warm sunny weather also contributed to missed 

meals.  Panelists tasted the soup 85% of the time during the first four 

weeks and 48% of the time during the second part of the study.  The over- 

all average number of times each panelist rated the soup was 50% of the 

time the soup was served. 
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SUMMARY, CONCLUSIONS, AND FUTURE DIRECTIONS 

The starch granules of both the Purity W and System Flour were 

affected by processing, refrigeration, freezing, and reheating.  The 

modified waxy maize starch and wheat flour starch exhibited a small 

increase in size with initial processing.  The major change in starch 

granules shown by both light microscopy and SEM was the trend towards 

greater deformation of the starch granule and, apparently, subsequent 

greater mixture homogeneity.  Increases in deformation could have been 

due to a combination of processes.  In addition to heat input and removal, 

agitation of the soup during the initial cooking, reheating, and the 

freezing process were possible important factors affecting the starch 

system stability.  The soup appeared as a homogeneous mass in the SEM 

pictures after reheating of the soup.  In this study, cross-linking of 

the waxy maize starch could have reduced some of the swelling because 

granule outlines were visible throughout the study. 

Viscosity of the soup differed significantly from step 5 of 

processing versus when the soup was ready for service due to dilution of 

the concentrate with milk.  The viscosity also increased significantly 

from the time the soup was ready for service and 25 minutes later 

after sitting due to the soup mixture cooling and possibly allowing 

the starch to begin to gel.  The viscosity of the soup taken at step 2 

and step 5 of processing varied considerably, although the trend was 

towards a decrease in viscosity.  Variability can be attributed to 

variation in production techniques.  Although processes were standardized 

at the plant, variation still occurred.  Temperature and viscosity 
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measurements correlated when both were taken when the soup was ready for 

service.  Other temperature-viscosity measurements did not correlate as 

one might have expected. 

Sensory evaluation of the soup determined a statistically 

significant different (p <0.05) in the overall acceptability of the 

fresh versus the frozen soup.  The other quality characteristics of 

texture acceptability, consistency, and syneresis were not statistically 

(p < 0.05) different.  These findings may indicate that enough change in 

the soup occurred during frozen storage to be noticed in the overall 

acceptability of the soup, but the panelists perhaps could not define 

specific changes in texture, consistency, or syneresis.  Differences in 

panel size may have influenced these scores, although there is no way to 

statistically account for it. 

Further research might be considered in the area of SEM. 

Interpretation of the pictures might have been aided if more of the soup's 

ingredients could have been done as model systems.  Birefringence of the 

starch systems would have helped in determining the degree of gelatinization 

at step 2 of processing and at the other points of the study as well. 

The relationships of final viscosity of the soup when ready for 

service with the other variables in the study were not well established. 

Either different parameters were needed or techniques changed.  For 

example, one might expect temperature to correlate with viscosity. 

On the other hand, the final viscosity could be dependent on a combination 

of factors rather than just one.  Sampling at more frequent time intervals 

might reduce the wide variation in viscosity.  A longer sampling time also 

would allow for randomization of fresh and frozen soup served to the panel, 

possibly alleviating the time trend found in the data. 
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Appendix 1.  Itemized meal menus 
at Coed Cottage. 

Session 1 2/15/78 Dinner 

Cream of Cheese with Bacon Frozen Soup Concentrate 
Variety of Luncheon Meats 

Celery-Carrot-Raisin-Mayonnaise Salad 
Homemade Bread 

Applesauce Cake 
Milk 

Session 2 3/2/78 Dinner 

Cream of Cheese with Bacon Frozen Soup Concentrate 
Variety of Luncheon Meats 

Three-Bean Salad Carrot and Celery Sticks 

Butterscotch Bars Chocolate Pudding 
Milk 

Session 3 3/8/78 

Cream of Cheese with Bacon Frozen Soup Concentrate 
Variety of Luncheon Meats 

Cucumber Slices      Carrot and Celery Sticks 
Apples 

Com Bread       Molasses and  Honey 

Milk 

Session 4 3/16/78 

Cream of Cheese with Bacon Frozen Soup Concentrate 
Variety of Luncheon Meats 

Pickled Beets     Applesauce     Cottage Cheese 
Sandwich Bread 

Milk 
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Appendix 1.  (Continued) 

Session 5 4/11/78 Dinner 

Cream of Cheese with Bacon Frozen Soup Concentrate 
Ham Slices with other Cold Cuts 

Tossed Green Salad 
Saltines 

"Special K" Cake 
Milk 

Session 6 4/14/78 

Cream of Cheese with Bacon Frozen Soup Concentrate 
Turkey Slices and other Cold Cuts 

Tossed Green Salad   Canned Pears   Pickled Beets 
Cottage Cheese     Saltines 

Chocolate Pudding 
Milk/Koolaid 

Session 7 4/25/78 Dinner 

Cream of Cheese with Bacon Frozen Soup Concentrate 
Ham Slices and other Cold Cuts 
Carrot Sticks     Olives 
Corn Bread     Honey, syrup 

Sweet Cherries with Whipped Topping 
Milk 

Session 8 4/28/78 Lunch 

Cream of Cheese with Bacon Frozen Soup Concentrate 
Turkey Slices and other Cold Cuts 

Canned Pears and Peaches     Mixed Fruit 
Jello Salad with Pears      Cottage Cheese 

Saltines 

Milk/Koolaid 
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Appendix 1.  (Continued) 

Session 9  5/1/78 Lunch 

Cream of Cheese with Bacon Frozen Soup Concentrate 
Ham Slices and other Cold Cuts 

Canned Pears     Pineapple Chunks 
Cottage Cheese     Saltines 

Milk 

Session 10  5/4/78 Dinner 

Cream of Cheese with Bacon Frozen Soup Concentrate 
Turkey Slices and other Cold Cuts 

Carrot-Cabbage-Coleslaw Salad 
Homemade Dill Bread     Saltines 

Pfiach Cobbler 
Mllk/Koolaid 

Session 11 5/8/78 Lunch 

Cream of Cheese with Bacon Frozen Soup Concentrate 
Ham Slices and other Cold Cuts 

Applesauce     Canned Pears and  Plums 
Coleslaw 

Sandwich Bread     Saltines 

Milk 

Session 12  5/10/78 Dinner 

Cream of Cheese with Bacon Frozen Soup Concentrate 
Turkey and Ham Slices and other Cold Cuts 

Green Beans 
Irish Soda Bread 

Applesauce Cake 
Milk 
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APPENDIX II 

Personal communication from Susan Waring, 
Senior Home Economist with the National Starch and 

Chemical Corporation describing 
physical characteristics of Purity W starch. 
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STARCH AND CHEMICAL CORPORATION 

10FINDERNE AVE    ♦   BRIDGEWATER. N. J     ♦   201-685-5000   ALL MAIL TO BOX 6500. BRIDGEWATER, N. J. 08807 

WRITEPS   DIRECT   DIAL   NUMBER 201~685~52AO ^      ^        r« CABLE   ADDRESS    •    NA5PROD.   BR1DG EWAT E RN E WJ ERSE Y 
TWX   •   710-180-9210 

FOOD   DIVISION RESEARCH  AND  DEVELOPMENT 
LABORATORIES 

November 7, 1978 

Ms. Carolyn Brown 
Department of Foods and Nutrition 
Oregon State University 
Corvallis, Oregon 97331 

Dear Ms. Brown: 

Thank you for writing to us concerning our Purity W starch. 

Purity W is a stabilized and cross-linked waxy maize starch.  It is 
made in accordance with the requirements of the United States Food 
Additives Regulations under section 172.892 for "Food Starch-Modified." 
It has exceptional cold temperature storage stability which enables it 
to be used in many refrigerated and frozen foods, and it has moderate 
heat stability in many systems although this property is dependent on 
the pH, time, temperature and shear of each system it is used in. 
These factors will also affect the viscosity of the starch. 

I hope the above description will help you in your research work.  I 
am enclosing our technical bulletin on Purity W which may also be 
helpful. 

Very truly yours 

/ ,;A 
'■ Susan Waring    / 

Senior Home Economist 
SW:dfn 
Enclosure 

• Me to help pun Sa : ob'a^n best fesul't f'-em our product"   and f ■■ ^- j-^. -■.■-,■■■!■     -        ■ ^ ■ ■!, ■ ■, ^,-.     ■■ ,-.,   -' r . [.   .       . - 
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PURITY® W 

r® PURITY  -W is a modified food starch derived from waxy maize with out- 
standing stability under high and low pH and temperature conditions. 

PHYSICAL AND CHEMICAL PROPERTIES: 

Color 
Form 
pH 
Moisture 

white to off-white 
powder 
6.5 approximately 

. 11$ approximately 

COOKED STARCH PROPERTIES: 

Preparations are heavy,   short-textured,   and clear.     PURITY-W is ex- 
tremely stable even when subjected to adverse  storage conditions^ 
such as prolonged low temperature storage. 

APPLICATIONS: 

This  is an extremely versatile product.     It may be used to advantage 
in canned,   retorted high pH systems,   such as  gravies,   stews,   soups, 
etc.,   as well as  in acid foods,   such as   fruit pie   fillings,   tarts, 
etc. 

PURITY-W meets National Canners Association standards  for thermo- 
philic bacteria. 

33969 
supersedes 
25^69 

The information given and the recommendations made herein are based on our research and are believed to be accurate but no guaranty of their accuracy is made. 
In every case we urge and recommend that purchasers before using any product in full scale production make their own tests to determine to their own satisfac- 
tion whether the product Is of acceptable quality and is suitable for their particular purposes under Iheir own operating conditions. The products discussed herein 
are sold without any warranty as to merchantability or fitness for a particular purpose or any other warranty, express or implied. No representative of ours has any 
authority to waive or change the foregoing provisions but, subject to such provisions, our engineers are available to assist purchasers in adapting our products to 
their needs and to the circumstances prevailing In their business. Nothing contained herein shall be construed to imply the non-existence of any relevant patents or 



74a 

Appendix III 

Additional light and SEM photomicrographs. 
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Appendix III,  Fig. 6.  Higher magnifications of Purity W starch and the 
System Flour, representative SEM pictures: (A) Purity W Starch (400X) ; 
(B) System Flour (2000X). 
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Appendix III. Fig. 7. Higher magnifications of representative SEM pic- 
tures from step 2 and step 5 of processing showing association with pro- 
tein strands and the formation of more of a homogeneous mass: (A) Step 2 
(700X) ; (B) Step 5 (700X) ; (C) Step 5 (2000X) . 
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Appendix III.  Fig. 8.  Higher magnifications of representative SEM pic- 
tures from the fresh reheated soup and after eight weeks of frozen stor- 
age; (A) Fresh reheated soup showing less clumping and the beginning of 
a more homogeneous mass (700X) : (B) Frozen and reheated soup showing the 
formation of a more homogeneous mass {700X). 
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Appendix III.  Fig. 9.  Effect of 25 minutes of cooling on the starch 
system of the cheese soup, light microscopy and SEM, representative pic- 
tures: (A) Soup ready for service, light microscopy (100X); (B) Soup 25 
minutes later, light microscopy (100X); (C) Soup ready for service, SEM 
(400X) : (D) Soup 25 minutes later, SEM (400X). 
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Appendix  IV..     Individual data 
from objective  tests  and  correlations. 
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Appendix IV.  Tcible 6.  Spindle sizes, speeds, readings and conversion 
factors used to convert Brookfield viscosity readings of 

Cheese Soup to centipoises (cps). 

Chef Francisco 

Spindle Speed 
Date Batch Size RPM'S Readings Factor 

2/14/78 1 step 2 6 20 52.6 500 
1 step 5 6 20 43.4 500 
2 step 2 6 20 77.5 500 
2 step 5 6 20 58.5 500 

3/1/78 1 step 2 7 20 28.3 2,000 

1 step 5 6 4 30.6 2,500 
1 step 5 6 10 40.0 1,000 

2 step 2 6 10 73.5 1,000 
2 step 5 6 10 27.4 1,000 

3/7/78 1 step 2 6 2 60.0 5,000 
1 step 2 6 4 67.5 2,500 

1 step 5 6 4 37.8 2,500 
2 step 2 6 4 60.0 2,500 

2 step 5 6 4 19.5 2,500 
2 step 5 6 10 27.6 1,000 

3/15/78 1 step 2 6 4 64.5 2,500 

1 step 5 6 10 38.5 1,000 
1 step 5 6 10 33.5 1,000 

2 step 2 6 4 63.0 2,500 
2 step 2 6 10 79.0 1,000 

2 step 5 6 4 35.0 2,500 
2 step 5 6 10 32.5 1,000 



Appendix IV.  Table 6  (continued). 

Coed Cottage, refrigerated soup. 
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Spindle Speed 
Date Batch Size RPM'S Readings 

2/15/78 Pan 1 0 min. 4 20 5.5 
Pan 1 +25 min. 4 20 17.9 

3/2/78 Pan 1 0 min. 3 20 12.0 
Pan 1 +25mmin. 3 20 56.8 
Pan 2 0 min. 3 20 3.9 
Pan 2 +25 min. 3 20 62.5 

3/8/78 Pan 1 0 min. 3 20 7.5 
Pan 1 +25 min. 3 20 32.5 
Pan 2 0 min. 3 20 9.0 
Pan 2 +25 min. 3 20 29.5 

3/16/78 Pan 1 0 min. 3 20 12.8 
Pan 1 +25 min. 3 20 41.2 
Pan 2 0 min. 3 20 13.2 
Pan 2  +25 min. 3 20 32.5 

Factor 

100 
100 

50 
50 
50 
50 

50 
50 
50 
50 

50 
50 
50 
50 



Appendix IV.  Table 6  (continued). 

Coed Cottage, frozen reheated soup. 
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Spindle Speed 
Date Batch Size RPM'S 

4/11/78 Pan 1 0 min. 3 20 
Pan 1 +25 min. 3 20 
Pan 2 0 min. 3 20 
Pan 2 +25 min. 3 20 

4/14/78 Pan 1 0 min. 3 20 
Pan 1 +25 min. 3 20 
Pan 2 0 min. 3 20 
Pan 2 +25 min. 3 20 

4/25/78 Pan 1 0 min. 3 20 
Pan 1 +25 min. 3 20 
Pan 2 0 min. 3 20 
Pan 2 +25 min. 3 20 

4/28/78 Pan 1 0 min. 3 20 
Pan 1 +25 min. 3 20 
Pan 2 0 min. 3 20 
Pan 2 +25 min. 3 20 

5/1/78 Pan 1 0 min. 3 20 
Pan 1 +25 min. 3 20 
Pan 2 0 min. 3 20 
Pan 2 +25 min. 3 20 

5/4/78 Pan 1 0 min. 3 20 
Pan 1 +25 min. 3 20 
Pan 2 0 min. 3 20 
Pan 2 +25 min. 3 20 

5/8/78 Pan 1 0 min. 3 20 
Pan 1 +25 min. 3 20 
Pan 2 0 min. 3 20 
Pan 2 +25 min. 3 20 

5/10/78 Pan 1 0 min. 3 20 
Pan 1 +25 min. 3 20 
Pan 2 0 min. 3 20 
Pan 2 +25 min. 3 20 

Readings 

9.5 
33.5 
13.5 
53.0 

9.5 
28.5 
9.0 

25.5 

9.0 
34.0 
12.5 
31.5 

10. 
37. 
11. 
33. 

8.5 
29.5 
9.0 
24.5 

9.5 
36.5 
5.5 

18.0 

12.5 
36.0 
11.0 
30.0 

10.5 
31.5 
9.0 

25.0 

Factor 

50 
50 
50 
50 

50 
50 
50 
50 

50 
50 
50 
50 

50 
50 
50 
50 

50 
50 
50 
50 

50 
50 
50 
50 

50 
50 
50 
50 

50 
50 
50 
50 
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Appendix IV.  Table 7.  Raw Brookfield viscosity, temperature, 
length of reheating and storage data for the 

fresh, fresh refrigerated and eight week frozen 
Cream of Cheese with Bacon Frozen Soup Concentrate. 

Brookfield 
Viscosity 
Values 
(cps) 

Temp, at 
time of 
Brookfield 
test (0C) 

Fresh soup. Chef Francisco 

step 5 

a 
denotes missing data 

step 2 

Batch Batch 
1 2 

26,300 38,750 

56,500 73,500 

234,375 1,580,000 

161,250 118,250 

62.0 64.0 

63.5 65.0 

64.0 72.0 
a 

65.5 

Batch 
1 

Batch 
2 

21,700 29,250 

58,250 54,800 

94,500 38,175 

36,000 60,000 

64.0 60.0 

62.0 60.0 

72.0 82.0 

73.5 72.0 
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Appendix IV.     Table  7.      (Continued) 

Fresh,   refrigerated soup,     Coed Cottage. 

Lunch 

0 rain. 
Pan 1      Pan  2 

BrookfieId 
viscosity 
Values 
(cps) 

Temp. at 
time of 
Brookfield 
test CO 

Length of 
reheating, 
Coed Cottage 
(min.) 

Length of 
storage (days) 

640 660 

77.0    79.0 

Pan 1 

18 

25 min. 
Pan 1  Pan 2 

2060 1625 

64.0    62.0 

Pan 2 

19 

Dinner 

0 min. 
Pan 1  Pan 2 

550 
600 
375 

73.0 
74.0 
64.0 

195 
450 

76.0 
63.5 

Pan 1 

23 

25 min. 
Pan 1  Pan 2 

1790 
2840 
1625 

62.5 

55.5 

3125 
1475 

53.0 
55.5 

Pan 2 

22 

Frozen, stored soup, 8 weeks,  Coed Cottage. 

Brookfield 
viscosity 
Values 
(cps) 

Ten?). at 
time of 
Brookfield 
test CO 

Lunch Dinner 

0 min.        25 min.        0 min. 
Pan 1  Pan 2 Pan  1  Pan 2  Pan 1  Pan 2 

475 

525 
425 

625 

76.0 

74.0 
76.0 

77.0 

450 

563 
450 

550 

73.0 

76.0 
76.0 

77.0 

1425 

1875 
1475 

1800 

57.0 

64.0 
64.0 

60.0 

1275 

1650 
1225 

1500 

54.0 

63.0 
61.0 

57.0 

475 

450 

475 

525 

77.0 

72.0 

74.0 

77.0 

675 

625 

275 

450 

77.0 

71.0 

75.0 

76.0 

25 min. 
Pan 1  Pan 2 

1675 

1700 

1825 

1575 

42.0 

60.0 

2650 

1574 

900 

1250 

50.0 

59.0 

60.0    58.0 

52.0    59.0 

Pan 
Length of 24 
reheating 20 
(min.) 21 

21 

Length of 59 
storage 58 
(days) 55 

53 

Pan 2 Pan 1 Pan 2 
17 25 27 
20 17 22 
18 22 19 
17 17 17 

59 56 56 
58 55 55 
55 58 58 
53 55 55 
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Appendix IV.  Regression equation with all classification and indepen- 
dent variables of the objective data and the regression equation with 
the one significant variable for Cream of Cheese with Bacon Frozen 

Soup Concentrate. 

Ya = 781 + 1212.2X, + 18.6X., + 1.4X, - O.SX, - 11.3Xr + 29.8X^ - 4.2X., 1       2      3      4       5       6      7 

variable Definitions 

Y = The response variable- final viscosity (cps) when soup ready for 
service at Coed Cottage. 

X = A classification term indicating-whether the final viscosity (Y) 
came from a sample that was taken when the soup was ready for ser- 
vice or 25 minutes later. 

X = A classification term indicating whether the final viscosity (Y) 
came from a sample that was fresh or frozen. 

X = Temperature of the soup when ready for service at Coed Cottage. 

X = Viscosity (cps) at step 5 of processing. 

X = Temperature of soup at step 5 of processing. 

X = Length of reheating time at Coed Cottage. 
6 

X_ = Length of storage in days. 

Regression equation with significant variable 

b 
Y  = 492.1 + 1188.2X F = 120.7 

Sig. p  0.05 

b 
Y and X same as defined above. 
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Appendix IV. Table 8. Correlations between objective data variables 
and  sensory characteristics for 

Cream of Cheese with Bacon Frozen Soup Concentrate. 

Variable 1 

Final vis. ready for service, Coed 

Final vis. ready for service. Coed 

Final vis. ready for service. Coed 

Final vis. ready for service, Coed 

Final vis. ready for service, Coed 

Vis. step 5, Chef Francisco 

Vis. step 5, Chef Francisco 

Vis. step 5, Chef Francisco 

Vis. step 5, Chef Francisco 

Temp, ready for service, Coed 

Temp, ready for service, Coed 

Temp, ready for service. Coed 

Length of reheating, Coed 

Length of reheating. Coed 

Length of storage 

Pan 1 final vis. ready for service. 

Pan 1 final vis. ready for service. 

Pan 1 final vis. ready for service, 

Pan 1 final vis. ready for service. 

Pan 2 final vis. ready for service. 

Pan 2 final vis. ready for service, 

Pan 2 final vis. ready for service. 

Pan 2 final vis. ready for service. 

Variable 2 

Vis. step 5, Chef Francisco 

Length of reheating, Coed 

Temp, ready for service, Coed 

Length of storage 

Temp, step 5, Chef Francisco 

Ten^j. ready for service. Coed 

Length of reheating. Coed 

Length of storage 

Temp, step 5, Chef Francisco 

Length of reheating 

Temp, step S, Chef Francisco 

Length of storage 

Length of storage 

Temp, step 5, Chef Francisco 

Temp, step 5, Chef Francisco 

Coed Overall acceptability 

Coed Texture acceptability 

Coed Consistency 

Coed Syneresis 

Coed Overall acceptability 

Coed Texture acceptability 

Coed Consistency 

Coed Syneresis 

Correlation 

0.02 

0.20 

-0.79* 

-0.20 

-0.13 

-0.03 

-0.01 

-0.01 

0.24 

-0.19 

0.01 

0.03 

-0.08 

-0.20 

-0.11 

-0.25 

-0.21 

-0.36 

0.32 

0.33 

0.33 

-0.05 

-0.16 

•Significant p <. 0.05  (Huntsberger, 1967) 
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Corre1at ion 

0. .60* 
0. ,77 
0. .04 

Appendix IV.  Table 9.  Correlations between tasting sessions and 
sensory score for Cream of Cheese with Bacon Frozen Soup Concentrate. 

Testing for a time trend in the data. 

Characteristic 

Overall Acceptability 

Sessions 1-12 
Sessions 1-4 
Sessions 5-12 

Texture Acceptability 

Sessions 1-12 0.50* 
Sessions 1-4 0.86* 
Sessions 5-12 0.25 

Consistency 

Sessions 1-12 -0.11 
Sessions 1-4 -0.38 
Sessions 5-12 -0.15 

Syneresis 

Sessions 1-12 -0.49 
Sessions 1-4 -0.82 
Sessions 5-12 -0.13 

denotes significance at p ^0.05  (Huntsberger, 1967) 


