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CHAPTER I 

INTRODUCTION 

Protein deficient diets of much of the world's popu

lation have been the subject of extensive research in the past 

decade. Cottonseed, valued for its oil and fiber, has been 

used widely as a protein source for livestock feed (Hoffpauir, 

1972). This foodstuff has received little consideration as 

a protein food source for human consumption because of its 

gossypol content, (Gastrock, et_ aj^. , 1969); dark color and 

undesirable flavor, (Food Prod. Dev., 1967); and because of 

the commercial availability of soy protein (Ziemba, 1972). 

Production of cotton in excess of twenty million tons 

represents a protein potential from cottonseed of six million 

tons per year (Shema, ejt al̂ . , 1973). The development of the 

Liquid Cyclone Extraction Process by the USDA Southern Re

gional Research Laboratory in New Orleans, began production 

of a bland cottonseed flour (CSF), high in protein content, 

aesthetic quality, and non-toxic to humans (Gastrock, et̂  al̂ . , 

1969). The markets for edible vegetable proteins are ex

pected to increase internationally, and these future demands 

may be met partially by an abundance of cottonseed flour, 

milled by an acceptable process. 

Hoffpauir and Hennessey, eit aj^. , (1972, 1971) stated 

that the limiting factor of the world food problem is not 



the protein supply, but rather, the ability to transform 

available protein into products that the public will accept. 

Cottonseed flour has been used in small quantities in vari

ous bakery products to enhance the dough characteristics, 

(Overman, 1951; Hennessey, et. al̂ . , 1971; Wojcik and Vix, 

1969) ; as a filler for sausage (Hennessey, et aĵ . , 1971) ; 

and as a protein supplement (Staats and Tolman, 1974; Wojcik 

and Vix, 1969) ; however, it has not been used in large quan

tities as a food product for human consumption. Cottonseed 

flour resulting from improved processing methods would be 

valuable on a commercial scale as a food supplement, be

cause of its high quality protein. 

Cummings and Mattill (1931) and Burr and Barnes 

(1943) stated that storage of products may alter quality 

characteristics. Quality changes include fat deterioration 

which may render food unpalatable, the partial destruction 

of some fatty acids, and other nutrients; such as vitamins 

A, E and perhaps D (Cummings and Mattill, 1931; Burr and 

Barnes, 1943). A review of the literature showed a paucity 

of data concerning the nutrient stability and oxidative 

rancidity of either CSF, or CSF products under refrigera

tion or freezing conditions. 

This investigation was undertaken to determine 

the stability, acceptability and quality changes of a CSF 

product, containing 50% CSF, and subjected to short range 

commercial storage conditions. A standard corn oil and 



sunflower oil were used as shortenings to study the effects 

that oil may have on quality and stability of a cottonseed 

flour supplemented product. 

Objectives 

The following objectives were undertaken: 

1. Formulate a recipe for an acceptable CSF cookie 

2. Compare the effect(s) of corn oil versus sun

flower oil on the quality and stability of CSF 

supplemented cookies 

3. Subject the experimental CSF product to three 

storage conditions: 

a. Room temperature (25° C) 

b. Refrigerator temperature (4.4 C) 

c. Blast freeze temperature (-33 C) 

4. Subject the experimental and CSF products to 

three storage intervals: three, six and nine 

weeks 

5. Evaluate the quality changes of the CSF product 

by analyzing the following after storage: 

a. Moisture loss after twenty-four hours 

b. Ash content 

c. Protein content 

d. Short chain fatty acid composition 

e. Amino acid composition 

6. Evaluate the organoleptic acceptability of the 

CSF product by subjective taste panels. 



CHAPTER II 

REVIEW OF LITERATURE 

Methods of Processing Cottonseed 

Cottonseed, grown in abundance in a semi-arid envi

ronment, has been made available for human consumption by 

the prepress solvent extraction, the azeotropic solvent ex

traction, and the mixed solvent methods using hexane-acetone-

water (Bressani et. aj^., 1966). All processes resulted in 

varying CSF compositions (Krisnamoorthi, 1965), however, the 

presence of gossypol curtailed any rapid development of cot

tonseed flour for human consumption (Martinez et_ aĵ . , 1970) . 

An acceptable process for milling cottonseed is the Liquid 

Cyclone Process (LCP) , begun in 1966 (Gastrock et. a]^., 1969), 

The LCP, as explained by Hoffpauir (1972), involves a slurry 

of hexane and cottonseed, pumped under pressure through a 

stainless steel liquid cyclone, where centrifugal force 

causes the slurry to separate into two fractions. The over

flow contains principally pigment glands, which Hennessey 

et al. (1971) distinguished as CSF, and the underflow as 

cottonseed meal. 

Damaty and Hudson (1965) reported the preparation 

of a low gossysol CSF from flaked hulled meats, which was 

dried to less than a four percent moisture content, prevent

ing gossypol interaction with extraction solvents. The flour 

was washed with hexane and vacuum dried, then dampened with 



acetone and water. This two-solvent treatment produced a 

CSF light in color, with no gossypol flavor. 

Structure of the Cottonseed 

Martinez, et_ al̂ . (1970) stated that the oil seed is 

composed of embryo tissue, with a thin layer of residual 

endosperm, which stores oil as the seeds' energy source. 

The cotyledons of the cottonseed embryo typically contain 

three major classes of cells; epidermal, palisade and spongy 

mesophyll. The glanded cottonseed intercellular pigment 

glands contain the gossypol pigments. These glands range 

in size from 100 to 400 microns. During conventional pro

cessing, these glands were ruptured by polar solvents and 

moisture conditions, which distribute the pigment between 

the oil and meal fractions. When released, gossypol forms 

highly colored derivatives resulting in off-colored oils 

and chemically reacts with the seed protein rendering lysine 

unavailable (Ramaswani and O'Connor, 1969). Gossypol is 

toxic to monogastric animals. Martinez and Cabell (1961) 

stated that the unavailability of lysine may be due to the 

reaction of gossypol, sugar or other constituents with the 

free epsilon groups of lysine in the proteins, as well as 

destruction of lysine during heating. However, the total 

mechanism of this destruction was unknown. Conkerton and 

Frampton (1959) noted that the extent of the reaction of 

gossypol with the proteins was influenced by the pH of the 

medium, and that the reduction of free epsilon amino groups 



of lysine was greater at the higher pH values. 

In 1960, a glandless cottonseed was bred which con

tained no gossypol pigment glands (Harper, 1962). The 

quality of the protein, measured by the epsilon-amino free 

lysine content of the protein, was as high as glanded cot

tonseed protein (Food Prod. Dev., April, 1967). Kim, et al. 

(1971) found that the color rendered in glandless cotton

seed isolates was not caused by polyphenolic compounds, as 

in sunflower isolates, and that reducing agents did not im

prove the color. Therefore, Kim, et. al_., stated that the 

substances imparting color in glandless CSF were unknown. 

Forms of Cottonseed 

Cottonseed flour is the finely ground material pro

duced from dehulled and defatted cottonseed. The heat, mois

ture, and pressure used in the process of removing the oil 

all effect the protein constituents of the seed. Careful 

control of these variables can successfully defat the cot

tonseed without denaturing the proteins. As the efficiency 

of the defatting and dehulling operations decreases, the 

lipid and crude fiber contents increase, and consequently, 

the nitrogen and ash contents increase (Martinez, ejt a]^. , 

1970). 

Cottonseed concentrates are produced by either wet 

or dry processing of the defatted cottonseed flour. A prop

erly defatted cottonseed is essential, so that proteins are 

free and readily separated from the other particles when the 
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cell is ruptured. The increase in protein content depends 

on the solubility characteristics of the constituents of 

the flour, and the extraction system used (Martinez, et al., 

1970) . 

Cottonseed isolates are produced from further ex

traction of proteins from defatted cottonseed. The major 

isolate is an acid soluble, high molecular weight compound, 

which is low in lysine and the sulfur amino acids. The 

minor isolate is water soluble, low in molecular weight, 

rich in lysine and the sulfur amino acids (Martinez, et_ al., 

1970; Food Prod. Dev., April, 1971). 

Table 1 shows nutritional composition of glanded LCP 

CSF (Lawhon, et_ al̂ . , 1972). Hagenmaier (1972) compared the 

water binding properties of oil seed proteins, and noted 

that the cottonseed protein had the highest water binding 

capacity. This was demonstrated in the increased water ab

sorption in bakery products when using oil seed flours 

(Rooney, et. aĵ . , 1972) . Hagenmaier (1972) also found that 

pH had little effect on CSF water absorption; however, pH 

did influence protein solubility. This contrasting depen

dence of CSF on pH indicates that there is not a good cor

relation between the water binding capacity of CSF and 

protein solubility. 

Commercial Uses of CSF 

Cottonseed has been used in bakery products as a 

substitute for wheat flour (Staats and Tolman, 1974; 
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Matthews, et a^., 1970: Rooney, et al., 1972). Staats and 

Tolman (1974) substituted wheat flour up to 35% by weight 

in a saltine cracker, and showed that storage times up to 

21 days did not effect the moisture content of the CSF 

crackers. The appearance and acceptability decreased as 

the amount of CSF increased. Deglanded CSF samples were 

rated "good" to "very good" at substitution levels of 25-

35%. Matthews, e;t al. (1970) noted that the dough exten

sibility decreased as CSF was added to bread. Substitu

tions of 5-8% CSF produced bread of good volume, but ac

ceptability was low. The mixing tolerance was lower for 

CSF than wheat flour. Unifonn blending of CSF and wheat 

flour is needed for minimum mixing time and uniform quality. 

When replacing wheat flour with CSF at levels higher than 

25%, the following changes in product formulations, composi

tions, and characteristics may occur: a decrease in the 

time and/or speed of mixing, decreased dough consistency; 

decreased fermentation and proofing times; and a need to 

increase levels of ingredients, such as yeast or fat. 

The Oxidation of Lipids 

Atmospheric oxygen causes the formation of substances 

which imparts to those unsaturated fats a characteristic odor, 

described as rancid. Fats differ in the tendency to become 

oxidized. The following are some governing influences: 

1. Moisture prolongs the induction period; that 

period in which there is no measurable uptake 
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of oxygen (Privett and Blank, 1961); thus, 

retarding the auto-oxidative process. 

2. Certain compounds containing a hydroxyl group 

have a retarding effect. 

3. Peroxides allow oxidation to proceed, even 

in a vacuum. 

4- The induction period is significantly 

shortened by exposure of the fat or oil 

to ultraviolet light. 

Oxidation is not a major problem in relation to inedible 

fats, nevertheless, the odor of rancid fat is particularly 

offensive. 

Pro-oxidants 

Autoxidation of fats may be markedly accelerated by 

various factors, such as; various metals, metallic soaps and 

salts (Lundberg, 1954; Tappel, 1955). The positive cata

lytic action by metals on fat oxidation involves their cata

lytic effect on the decomposition of peroxides. For example, 

copper, the most strongly organically bound metal, probably 

catalyzes the oxidation of linoleate by reacting with lino-

leate peroxides and catalyzing their decomposition into chain 

initiating free radicals (Tappel, 1955). Light accelerates 

the decomposition of peroxides, thereby accelerating autoxi

dation. The enzyme lipoxidase, found only in vegetable mate

rials, with soybean as one of the best sources, accelerates 

the oxidation of polyunsaturated fatty acids. Autoxidation 
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increases with increasing unsaturation. This appeared to 

be due, in part, to the instability of the peroxides of the 

more unsaturated compounds. 

Antioxidants 

Various substances such as antioxidants retard the 

autoxidation of fats and oils. Four types of antioxidants 

are indicated, based on differences in the method by which 

they exert their effect (Shelton, 1959): 

1. Light absorbers—These may either increase or 

decrease the rate of oxidation, depending upon 

what ultimately happens to the energy absorbed. 

2. Metal deactivators—Deactivation of metal cata

lysts is important because of rapid deteriora

tion caused by the metal ions. Organic com

pounds forming complexes in which the metal is 

held in an inactive form, retarding oxidation, 

are referred to as chelating or sequestering 

agents (Shelton, 1959). 

3. Peroxide decomposers—These promote the decom

position of peroxides to stable products rather 

than to free radicals. 

4. Chain stoppers—The polyphenols and aromatic 

amines function as chain stoppers (Shelton, 

1959; Lundberg, 1954) by acting as free radical 

acceptors. 
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Volatile Fatty Acids 

Various methods of fat extraction determinations 

result in different degrees of accuracy (Sheppard, 1974). 

MacGee and Allen (1974) reported new, more rapid, and pre

cise methods of short chain fatty acid analysis. The vola

tility of short chain fatty acid methyl esters is so high 

that it is almost impossible to make quantitative analyses 

of these esters below Cg. However, new column supports that 

are more suitable for the analysis of short-chain free fatty 

acids have appeared (Evans, R. S., 1972). 

The composition of headspace gas is an important 

factor in determining decomposition of salad oils in long 

term storage. Salad oils stored under air for 6-10 weeks 

at 100 F received lower flavor scores than those stored 

under nitrogen. Evans, C. D., ejt al_. (1972) explained that 

this decreased flavor acceptability was caused by oxygen 

dissolved in the oil, and present in the headspace, which 

reacted with oil forming peroxides and oxidative cleavage 

products. 

Gas chromatographic analysis of free volatile fatty 

acids (VFA) is often obscured by difficulties due to the 

polar nature of these compounds. Although the method is 

extensively used and recommended for the quantitative esti

mation of VFA, the precision can be very poor. Added to 

the usual sources of errors such as sampling, sample treat

ment, injection technique, instrument operation and peak 
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quantitation, absorption phenomena can cause serious trouble 

in the analysis of free VFA by gas liquid chromatography 

(GLC). Absorption causes tailing and ghosting: tailing 

is the sloping off of the peak where it does not return to 

the base line; ghosting is the phenomena of the appearance 

of small "ghost peaks" upon injection of water subsequent 

to the injection of a VFA mixture. 

Sunflower Oil 

The sunflower, Helianthus annuus, is a native Ameri

can wildflower, belonging to the largest family of flowering 

plants, the Compositae. Today's commercial sunflower is 

believed to have originated in Peru or Mexico. In the 16th 

century, it was introduced into Europe by the Spanish, even

tually spreading into Russia, where the cultivation of supe

rior varieties took place. These improved varieties, con

taining 21-23% oil, were introduced into the United States 

in 1893. The present interest in sunflower oil began in 

1963, when new high oil varieties were brought from Russia 

.-to Canada (Robertson, 1972) . Sunflower oil is now second 

only to soybean oil as a major oil in the United States. 

The new Russian varieties of sunflowers contained 40-50% 

.oil. In 1972, it is estimated that 405,000 acres in the 

United States were cultivated with sunflowers. Most of the 

sunflowers were grown in North Dakota and Minnesota. A de

cline in cotton acreage brought the sunflower south as a 

cash crop (Robertson, 1972). 
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Commercial Sunflower Uses 

The following three markets for the sunflower seed 

have developed: bird food, human food, and oil. The oil 

is of high quality for cooking and salad purposes and is 

usually good for frying when a high smoke point is needed 

(Robertson, 1972; Morrison, et al., 1973). However, List, 

et̂  al̂ . (1972) stated that sunflower oil may polymerize when 

heated and should not be used as a fat for frying. Sun

flower meal is a high quality protein source for livestock 

and is also suitable as a source of protein for humans; sun

flower kernels are used also as nut substitutes (Robertson, 

1972). 

Sunflower Oil Characteristics 

Crude sunflower oil is yellow. It is relatively low 

in natural antioxidants (tocopherols) and in linolenic acid. 

The high linoleic acid levels are primarily responsible for 

sunflower oil's excellent storage qualities (Robertson, 1972) 

Environmental influence, (Canvin, 1965; Dyling and Zimmerman, 

1966; Dyling and Zimmerman, 1965), genetic control and breed

ing (Fick, et. a_l. , 1974; Zimmer and Kinman, 1972) signifi

cantly influence fatty acid composition of sunflower oil. 

Sunflower oil is finding acceptance as a cooking fat 

for potato chip frying (Robertson, 1972). When comparing 

sunflower oil with a mixture of cottonseed oil and corn oil, 

the color of the potato chips fried in the sunflower oil 

was as acceptable as the color of chips fried in the mixture 
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of oils. The sunflower oil became more saturated from ex

posure to oxygen upon heating, which decreased the iodine 

value (IV), darkened the color and increased the viscosity 

(Robertson, 1972; Morrison, et. aJL̂. # 1973). 

A Russian report indicated that the ratio of vitamin 

E to linoleic acid determines the inherent stability of sun

flower oil. Antioxidants are effective in fats which are 

low in natural antioxidants. The failure of antioxidants 

to improve flavor scores suggests that sunflower oil is not 

deficient in tocopherols (List, et. aJ. , 1972) . 



CHAPTER III 

EXPERIMENTAL PROCEDURES 

Control sugar cookies were made from wheat flour 

and 100% corn oil. The treatment sugar cookies were: treat

ment 1 (50% CSF and 50% wheat flour plus 100% corn oil) ; and 

treatment 2 (100% wheat flour and 100% sunflower oil) . These 

cookies were made to test the freezing and storage qualities 

of CSF and sunflower oil. Deglanded CSF processed by the 

Liquid Cyclone Process (LCP) and sunflower oil were obtained 

from the Plains Cooperative Oil Mill, Lubbock, Texas. The 

formulations for the control and treatment cookies are given 

in Table 2. 

TABLE 2 

CONTROL AND EXPERIMENTAL PRODUCT FORMULATIONS 

Ingredients 

Eggs 
Crisco Oil 
Sunflower Oil 
Vanilla 
Sugar 
Cottonseed Flour 
Wheat Flour, 

Gold Metal 
Baking Powder 
Salt 

Control 

96 g 
132 g 

9 ml 
150 g 

230 g 
7.2 g 

3 g 

Amounts 
Treatment 

96 g 
132 g 

9 ml 
150 g 
85 g 

115 g 
7.2 g 

3 g 

I^ Treatment II 

96 g 
— — — — 

124 g 
9 ml 
150 g 
230 g 

230 g 
7.2 g 

3 g 

^Treatment 1 - CSF was substituted in the cookie 
formula for wheat flour 50% by volume. 

•^Treatment 2 - Sunflower oil was substituted in the 
cookie formula for Crisco oil, 100% by volume. 

16 
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Preparation of Samples 

The cookie doughs were prepared in three different 

sessions by standard methods (Betty Crocker's Cooky Book, 

1971), and divided into two groups, raw and cooked, to test 

the storage qualities of raw dough as compared to cooked 

dough. Each raw sample was stored in a taped, air tight, 

plastic bag. Each baked sample was placed in a plastic bag, 

and made air tight by twisting and turning the end. The 

first session involved preparation of ten recipes of each 

treatment (Table 2) , which were used for macro-Kjeldahl 

crude protein determinations and sensory evaluations. Three 

recipes of each treatment were prepared during the second 

session and were used for moisture, ash, and amino acid de

terminations. In the third baking session, two recipes of 

each treatment were prepared and used for the fatty acid 

stability tests. These samples were crushed to a powder in 

order to obtain a random sample. Three grams of sample were 

weighed and placed in a vacutainer test tube, stoppered and 

stored. Triplicate samples were made to be used for the 

fatty acid analyses. 

Each sample was stored for periods of three, six 

and nine weeks under the following conditions: 

a. Room temperature — Each sample was placed in 

a kitchen drawer in a fluctuating room temper

ature of 26° -32° C. 
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b. Refrigerator temperature — Each sample was 

placed in a kitchen refrigerator held rela

tively constant at 4.4° C. 

c. Blast freezer temperature — Each sample was 

placed in a blast freezer held at -33° C. 

Post Storage Handling 

The stored samples were removed at the end of the 

required storage periods and held at room temperature for 

thirty minutes. The raw dough and baked cookies that were 

needed for one analysis were measured out and sampled. Sam

ples used for the taste tests were not crumbled for testing. 

The remaining dough and cookies were then replaced in the 

room, refrigerator, and freezer conditions until the next 

day. Each analysis involved more than one day, therefore, 

some products were held for more than twenty-one, forty-two, 

or sixty-three days; however, each analysis was scheduled 

so that all samples were held for the same storage interval. 

Organoleptic Sensory Evaluation 

Sensory panelists were selected on the basis of 

availability, experience and interest. The testing period 

ranged over nine weeks, during working hours, twice a day 

in the summer. The morning session (10:30 a.m.) was a range 

^The blast freezer was located at Furr's Quality Con
trol Kitchen, Lubbock, Texas. Liquid ammonia^was used to 
freeze the products with a temperature of -33 C. 



19 

test of preference between the control. Treatment 1 and 

Treatment 2 (See Appendix A). The afternoon session (2:30 

p.m.) was a duel sensory evaluation. Four cookies were 

presented to the panelist, two of which were alike. The 

panelist chose which two of the four cookies were alike, 

and then ranked the cookies according to preference (See 

Appendix A). The taste panel was designed according to the 

standards of Paul and Palmer (1972). 

Chemical Analyses 

Samples used for moisture determinations were dried 

for twenty-four hours. Crucibles were washed and dried in 

a drying oven for twenty-four hours at 100° C, removed and 

cooled in a glass desiccator overnight. Crucibles were 

weighed to a constant weight and labeled. A two to three 

gram sample was then weighed in the crucibles. Triplicate 

samples were placed into the drying oven at 100 C for 

twenty-four hours, removed and cooled in glass desiccators 

for one hour. The samples were weighed and moisture loss 

at 100*̂  C for twenty-four hours was determined. 

Ash content was determined by drying the moisture 

sahiple in an ash oven for twenty-four hours at 550 C. The 

samples were removed from the oven and cooled in a desic

cator for twenty-four hours. Ash content was calculated as 

a percentage of the original sample weight (Pearson, 1973). 

Total crude protein content of each sample was 

determined by a macro-Kjeldahl procedure (AOAC, 1965) and 
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expressed as N x 6.25. 

The amino acid composition of each sample was de

termined by a column chromatographic method (Starnes, 1971), 

using a Beckman model 121 Automatic Amino Acid Analyzer. 

A 20-30 mg sample was placed in a test tube, followed by 

the addition of . 5 ml of formic acid, and . 5 ml of performic 

reagent while keeping the sample at 0° C for 40 minutes. 

After the sample dissolved, 5 ml of cold ether was added 

and the sample was allowed to stand one hour at 0° C. The 

sample was centrifuged, the liquid was discarded, and the 

sample was redissolved in . 5 ml of formic followed by 5 ml 

cold ether. Centrifuging was repeated, washing the pellet 

twice in cold ether and allowing the sample to air dry. 

Aliquots of .25 ml were introduced into the amino acid 

analyzer. 

The fatty acid analysis was performed to detect the 

development of reactive detrimental acids within the speci

fied storage intervals. A 3 g sample was weighed into a 

glass vacutainer test tube, stoppered and then placed into 

the storage condition. After the storage interval, the 

tubes were set at room temperature for one hour. Using a 

microsyringe, 10 um of air were withdrawn from the head-

space of the vacutainer tube, and inserted into an Arians 

Gas Chromatograph. The 12 foot stainless steel column was 

packed with 10% SP-1200/% H3PO4, acid washed on chromosorb 

80-100 mesh. Samples eluded in five minutes. • 



CHAPTER IV 

RESULTS AND DISCUSSION 

Sensory Evaluation 

Data were obtained from samples prepared in the Food 

and Nutrition Research Laboratory during June 1975 to Novem

ber 1975. The main effects of panelists, treatments, form 

of sample (raw or cooked), storage temperature and storage 

intervals and all two-way interactions among these five 

variables were calculated. The data were analyzed by the 

method of least squares analysis of variance (Harvey, 1960). 

The main effects and subclass frequencies are shown 

in Table 3. Nine adult taste panelists were chosen to select 

preferences and distinguish differences which the four main 

effects had on the sample product. 

All main effects and their interactions were analyzed 

(Table 4). Preference scores were nonsignificant among pan

elists. Treatments were significantly different (P<.001) 

and had an effect on preference scores assigned by panelists; 

some panelists chose either the control, CSF, or sunflower oil 

sample as the most preferred. Preference scores of the pan

elists exhibited a trend in preference for the products 

cooked prior to storage over the products prepared from dough 

that was stored in the raw state, however, this trend was not 

significant. Storage temperature and storage intervals did 

not affect preference scores. The panelists scored products 

21 
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TABLE 3 

MAIN EFFECTS AND SUBCLASS FREQUENCIES 

Main Effects Subclass 

Panelists 

Treatment 

Form 

Storage Temperature 

Storage Interval 

#1 

#2 

#3 

#4 

#5 

#6 

#7 

#8 

#9 

Control 

Treatment 1 

Treatment 2 

50% cottonseed 
flour 

sunflower oil 
substituted 100% 
for corn oil 

Baked 

Unbaked 

Room Temperature 

Refrigerator Temperature 

Blast Freezer Temperature 

3 weeks 

6 weeks 

9 weeks 
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similarly among the products held at room temperature (25° 

C) , refrigerated (4.4° C), or frozen (-33° C) and stored for 

3, 6, or 9 weeks. Only treatment (control, CSF or sunflower 

oil) had a significant effect on preference scores assigned 

by panelists. All main effects and their interactions were 

analyzed and found to be nonsignificant on preference scores, 

TABLE 4 

ANALYSIS OF VARIANCE OF MAIN EFFECTS 
ON PREFERENCE SCORES 

Source d.f. Mean Squares F Value 

Panel Members 

Treatment 

Forra 

Storage Temperature 

Storage Interval 

Remainder 

8 

2 

1 

2 

2 

470 

.08 

22 .27 

0 . 2 1 

0 .04 

0 . 1 0 

.058 

38 

.136 

.165** 

.353 

.067 

.173 

* * P < .001 

Analysis of variance indicated a significant differ

ence (P<.05) in preference scores among treatments (Table 

5) . Results indicated that panelists preferred the control 

over the CSF product and the sunflower oil product. Pan

elists exhibited a slight preference for the CSF product 

over the sunflower product; however, these scores were not 

significantly different. 
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TABLE 5 

MEANS AND STANDARD ERRORS FOR TREATMENT 
FOR PREFERENCE SCORES 

Treatment d.f. Least Squares Means Standard Errors 

Control 2 1.61^ 0.059 

Cottonseed 2 2.01^ 0.059 

Sunflower 2 2.35^ 0.059 

^'•°Means in a column with different superscripts differ 
significantly Pc.05. 

The afternoon taste panel session was conducted to 

test panelists' preference of samples from the same treat

ment, form, and storage interval, held under different stor

age temperatures (Table 6) . Samples held at room temperature 

were preferred the least (except for panelist number six who 

chose all storage temperatures equally). Seven out of the 

nine panelists chose the frozen samples over the refrigerated 

and room temperature samples. Only two panelists chose the 

refrigerated samples as their first preference. The panel

ists were able to distinguish a difference in cookies from 

the same treatment that were stored under different condi

tions. The panelists also were scored on their ability to 

correctly distinguish the two cookies that were identical 

among four cookies presented (Table 6). 
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TABLE 6 

COMPARISON OF PANELISTS PREFERENCE AMONG STORAGE 
TEMPERATURES AND CORRECT IDENTIFICATION 
OF TWO COOKIES THAT WERE IDENTICAL 

Person 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Room 
Held 
25° C 

0 

11% 

11% 

0 

6% 

33% 

17% 

22% 

0 

Refrigerated 

4.4° C 

39% 

17% 

33% 

22% 

17% 

33% 

44% 

44% 

28% 

Frozen 

-33° C 

61% 

83% 

56% 

77% 

77% 

33% 

39% 

33% 

72% 

Percentage 
of Correct 
Observations 

78% 

83% 

66% 

77% 

83% 

61% 

50% 

66% 

50% 

Chemical Analyses Data Evaluation 

One objective of this study was to determine the 

total crude protein, moisture loss, and ash content of the 

experimental and control samples throughout storage. All 

main effects on chemical analyses data (macro-Kjeldahl, 

moisture loss and ash) were statistically analyzed (Tables 

7, 8 and 9). 
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TABLE 7 

ANALYSIS OF VARIANCE OF THE MAIN EFFECTS ON 
MACRO-KJELDAHL CRUDE PROTEIN 

Source 

Treatment 

Form 

Storage Temperature 

Storage Interval 

Remainder 

* * * 

P < .001 

d.f. 

2 

1 

2 

2 

460 

Mean Squares 

2365.42 

3.435 

5.079 

1.299 

.227 

10, 

F Value 

,418.059*** 

15.13*** 

22.37 

5.722** 

* * 
P < .01 

TABLE 8 

ANALYSIS OF VARIANCE OF MAIN EFFECTS 
ON MOISTURE LOSS 

Source 

Treatment 

Form 

Storage Temperature 

Storage Interval 

Remainder 

d, .f. 

2 

1 

2 

2 

460 

Mean Squares 

61.218 

1133.916 

17.75 

85,87 

.72 

F Value 

84.252*** 

1560-54*** 

24.42 

* * * 
118.19 

* * * P < .001 
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ANALYSIS OF VARIANCE OF MAIN EFFECTS 
ON ASH VALUES 

27 

Source d.f, Mean Squares F Value 

Treatment 

Form 

Storage Temperature 

Storage Interval 

Remainder 

* * * 
P<.001 

2 

1 

2 

2 

460 

41.78 

.076 

.49 

1.26 

.0238 

1753.55 
* * * 

3.224 

* * * 
20.816 

52.92*** 

Analysis of variance of macro-Kjeldahl crude protein 

values for each main effect is given in Table 7. Treatment 

affected the crude protein values significantly (P<.001) 

because of the difference in protein content of the wheat 

flour (used in the control samples) and CSF (used in the 

experimental cookies) . The sunflower oil may have a sta

bilizing effect on the protein present by decreasing poten

tial oxidation due to its higher concentration of antioxi

dants than corn oil. Crude protein values differed (P<.001) 

between forms (uncooked or cooked). The baking prior to 

storage increased protein degradation when compared to sam

ples stored in the raw state and probably accounts for most 

of the differences. The increased moisture content of the 
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raw samples (Table 11) may have spared some protein dehydra

tion. Storage conditions of raw and cooked samples had a 

significant effect (P^.OOl) on protein content. Raw and 

cooked samples stored at room (25° C) and refrigerator 

(4.4 C) temperatures had significantly lower (P<.05) total 

protein values than samples subjected to blast freezing 

(-33 C) (Table 12). Storage temperature affected (P^ .001) 

protein content as determined by macro-Kjeldahl procedures. 

There was a significantly higher protein content in samples 

undergoing blast freezing (P<.05) than those stored in the 

refrigerator (4.4° C) or at room temperature (Table 12). 

Macro-Kjeldahl crude protein values differed (P<.01) within 

storage intervals. All interactions between variables were 

analyzed and were significant (P<.001). 

Analysis of variance of moisture values for each 

main variable are given in Table 8. Moisture differed 

(P<.001) between treatment groups because the proteins may 

have bound water differently (Rooney, 1972). The cotton

seed flour samples were prepared with the same quantity of 

water as the wheat flour control and sunflower oil samples. 

However, the water was not absorbed as readily by the CSF 

sample dough, as evidenced by the glistening appearance and 

moisture on the surface of the dough which was not observed 

on the other sample doughs. This indicated that the CSF 

actually absorbed less moisture than the other samples 

which was in agreement with Ou (1975) . This was 
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only an observation, since actual measurements were not 

determined. Moisture retention was higher in the CSF sam

ples (Table 10), indicating the amount of bound water in 

CSF was higher than in wheat flour. This was in agreement 

with Rooney (1972) and may be evidenced by the higher den

sity of CSF when compared to wheat flour. This increased 

density would indicate a tighter molecular structure which 

would bind water tightly, and allow less to be available for 

chemical reactions, and evaporation. Moisture differed 

(P<.001) between raw and cooked samples (Table 8). The 

baking prior to storage dehydrated the cooked samples, while 

the initial moisture of the stored unbaked samples was higher, 

This enabled the raw dough to exhibit a higher moisture loss 

during storage than cooked samples. Moisture concentrations 

in the raw and cooked samples differed (P<.001) as the stor

age temperatures decreased (Table 12) . Moisture content of 

samples differed (P< .001) between storage intervals. As 

storage time increased, the bound water was possibly changed 

to a more reactive form which enabled it to be lost in chemi

cal reactions involved in degradative processes. Moisture 

content of samples stored at the lower temperatures was 

greater than samples stored at higher temperatures; how

ever, as storage length increased, moisture content decreased 

(Table 13). 

Analysis of variance of ash values for each main 

effect is given in Table 9. Treatment affected ash values 
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(P<.001) because of the varying composition of the flours 

and oils used in the samples. Form (raw or cooked) did not 

affect the ash content of the samples. Storage temperature 

affected the ash content (P<^.001). Samples stored under 

refrigerator or freezing conditions had lower (P<.05) ash 

concentrations than samples stored at room temperature when 

least square means were compared (Table 13) . Storage inter

val also affected the ash content (P<.001). Ash values 

were higher for all samples stored for nine weeks than ash 

values from samples stored for either three or six weeks 

(P<.05). The higher ash values for the nine weeks samples 

(Table 13) were attributed to dehydration of the samples 

which had a concentrating effect on ash determinations. 

Least squares means between main effects were de

termined for the chemical analyses and are shown in Tables 

10, 11, 12 and 13. The effects of treatment formulae on the 

sensory scores and chemical analyses data are shown in Table 

10. Preference scores indicated that panelists preferred 

the control product (P<.05) over both the cottonseed and 

the sunflower products. This was due partially to the flavor 

of the CSF and sunflower oil product, the color of the CSF 

and perhaps moisture content (Matthews, 1970). Panelists 

showed slight preference for the CSF product over the sun

flower product, however, this preference was not signifi

cant. Crude protein values between treatments were differ

ent (P<.05). CSF had the greatest amount of protein due 



31 

TABLE 10 

LEAST SQUARES MEANS OF MAIN EFFECTS 
ON TREATMENTS 

Main Effect 

Preference 
Score 

Crude Protein 

Moisture loss 

Ash 

d .f. 

2 

2 

2 

2 

Control 

1.61^ 

6.93^ 

8.85^ 

1.60^ 

Treatment 
CSF 

2.01^ 

13.70^ 

7.88^ 

2-47^ 

Means 
Sunflower 

2.35^ 

7.23° 

9.02^ 

1.58^ 

Oil 

a,b,c.. 
Means m a horizontal row with different super

scripts differ significantly (P<.05). 

Values expressed as per cent protein of sample, 
N X 6.25. 

2 
Values expressed as per cent of total sample. 

TABLE 11 

LEAST SQUARES MEANS FOR EACH MAIN 
EFFECT ON FORM 

Main Effect d.f, 
Form Means 

Cooked Uncooked 

Preference Score 

Kjeldahl 

2 
Moisture loss 

Ash 

1 

1 

1 

1.97 

9.21 

7.05' 

1.86 

2.01 

9.38 

10.1 J 

1.89 

'̂•'̂ Means in a horizontal row with different super
scripts differ significantly (P<.05). 

-'-Values expressed as per cent protein of sample, N x 6.25 
^Values expressed as per cent of total sample. 
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TABLE 12 

LEAST SQUARES MEANS FOR EACH MAIN 
EFFECT ON STORAGE TEMPERATURE 

Main Effect 

Preference 
Score 

Kjeldahl"*" 

2 
Moisture loss 

Ash 

d.f. 

2 

2 

2 

2 

Stc 
Room 

1.99 

9.18^ 

8.85^ 

1.95^ 

Draqe Tempe 
Refrig. 

2.01 

9.19^ 

8.68^ 

1.84^ 

irature Means 
Blast Freezer 

1.98 

9.49^ 

8.21^ 

1.86^ 

' Means in a horizontal row with different superscripts 
differ significantly (P<.05). 

•^Values expressed as per cent protein of sample, 
N X 6.25. 

^Values expressed as per cent of total sample. 

TABLE 13 

LEAST SQUARES MEANS FOR EACH MAIN 
EFFECT ON STORAGE INTERVAL 

Main Effect 

Preference 
Score 

Crude Protein 

Moisture loss 

Ash 

d.f. 

2 

2 

2 

2 

Storage 
3 weeks 

1.99 

9.19 

8.75^ 

1.83^ 

Interval 
6 weeks 

2.02 

9.34 

^b 
7.79 

1.83^ 

Means 
9 weeks 

1.97 

9.35 

9.22° 

1.98^ 

a,b,CjyjQ̂ ĵ g in a horizontal row with different super
scripts differ significantly (P< .05) . 

-'-Values expressed as per cent protein of sample, 
N X 6.25. 

^Values expressed as per cent of total sample. 
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to the naturally high protein content of the flour. The 

sunflower oil product was ranked second in protein content. 

This may possibly be attributed to oxidative protection 

from tocopherols in sunflower oil which prevented protein 

degradation (Robertson, 1972). Moisture losses were simi

lar between the control and sunflower oil product, but both 

of these samples lost more moisture (P<.05) than the CSF 

product. CSF bound water tighter than wheat flour (Rooney, 

1972) and therefore, did not lose as much moisture as the 

other two sample products. Ash contents were similar be

tween the control and sunflower oil products; however, these 

samples were lower in ash (P<.05) than the CSF product, due 

to the higher ash content of CSF (Table 1) , when compared to 

wheat flour. 

The least squares means for preference scores and 

the effects of form on chemical analysis data for each main 

effect are shown in Table 11. Preference scores, crude pro

tein and ash values were not affected significantly by form. 

Baking the products (either baked pre- or post-storage) did 

not influence preference scores. Crude protein values were 

not influenced by form, indicating that the cooking of the 

samples did not alter total nitrogen concentration. Mois

ture losses were different (P<.05) between forms. Baking 

the samples before storage did influence the moisture loss, 

and dehydration of baked and raw samples continued through 

storage. There was a lesser amount of bound water in the 
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cooked products, therefore, the cooked products had a lower 

mean for moisture loss because there was less initial mois

ture. Ash content was not different between forms which 

indicated that ash was not altered due to time of baking. 

Least squares means for the effects of storage tem

perature on preference scores and chemical analysis data are 

shown in Table 12. Preference scores were similar between 

storage temperatures. Room, refrigerator and blast freezer 

temperatures did not affect the products sufficiently to 

alter preference scores. Crude protein values also were 

similar for room-held and refrigerated samples, but these 

were lower (P<.05) than values from the blast frozen sam

ples. Total protein was greatest in the frozen products, 

with warmer temperatures possibly altering some of the total 

nitrogen content. This phenomenon may have been the result 

of microbical action on the raw dough stored at higher tem

peratures which enabled the bacteria to produce volatile 

nitrogen containing gasses that were lost in storage, upon 

thawing, or in opening the wrapped samples. The higher 

values in the blast frozen samples may be the result of 

sufficient temperature protection (-33° C) to prevent mi

crobial spoilage. Moisture loss was similar for the room-

held and refrigerated samples, but these values were both 

higher (P<.05) than values from the frozen samples. The 

frozen samples retained more moisture than the room-held 

and refrigerated samples because the water was more tightly 

bound when frozen. 
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As storage temperature decreased, the higher mois

ture retention stabilized the protein content by decreasing 

oxidation and dehydration. Ash contents were similar be

tween refrigerated and frozen samples, but these were lower 

(P<.05) than ash values from room-held samples. Room tem

peratures resulted in increased moisture loss which had a 

concentrating effect on ash. 

Chemical analyses between storage intervals for each 

main effect are shown in Table 13. Preference scores were 

similar for each storage interval. Time in weeks did not 

influence the products significantly to affect panelist 

scores. The crude protein values were similar between stor

age intervals. The length of storage did not influence the 

total nitrogen content. Moisture losses were different 

(P<.05) between all storage intervals, with the greatest 

difference being noted for nine weeks and the least moisture 

loss for the six week interval. The lower loss in water 

during the six week interval when compared to the three and 

nine week intervals may be due to a change in atmospheric 

water, absorbance of moisture from the plastic bag, or ice 

crystals formed which melted and then evaporated off during 

the laboratory work. 

The ash contents were similar between the three and 

six week intervals, but were different (P^.05) from the 

higher values in the nine week interval samples. The ash 

content increased at nine weeks because the higher moisture 

loss concentrated the ash. 
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Amino Acid Analysis 

One objective of this study was to determine whether 

amino acids were altered by treatment, form, storage tem

perature, and storage interval. All main effects on mea

surable concentrations of amino acids as determined by 

using a Beckman amino-acid analyzer, were statistically 

analyzed. Tables 14, 15, 16, and 17 show the least squares 

means of the amino acids (milligrams per gram of sample) 

for treatment, form, storage temperature and storage inter

val, respectfully. Amino acids differed significantly 

(P<.05) between all main effects except for those amino 

acids whose means are shown in parenthesis, which denotes 

nonsignificant effects. 

Treatment: Treatment affected the measurable quan

tity of each amino acid. The concentrations of all amino 

acids in the CSF product were higher (P<.05) than values 

in the control and sunflower oil products, except for pro

line and phenylalanine (Table 14) . This variance was due 

to the higher protein content of CSF which, when added to 

wheat flour, made the CSF supplemented sample richer in 

amino acids than the control and sunflower oil samples. 

The control sample had a greater amount of histidine than 

the sunflower oil product (P<.05) which could be attributed 

to sampling procedures. 

Form: Form slightly affected all amino acids with 

the raw samples being consistently higher than the cooked 
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samples in concentrations of proline and tyrosine (Table 

15) . However, there was no significant difference between 

forms for any amino acid, therefore, the baking process did 

not significantly affect the amino acid content. 

Storage Temperature; Storage temperature affected 

the measurable quantity of each amino acid. The concentra

tions of amino acids in refrigerated and blast frozen prod

ucts were similar, but different from room held products 

in histidine, arginine, glutamic acid and half cysteine 

(Table 16). These amino acids were in higher concentra

tions in the refrigerated and blast frozen products than in 

the samples held at room temperature, indicating that the 

warmer temperature allowed more air oxidation, which pos

sibly altered the amino-acid side chains, thereby decreas

ing the identifiable amount of a specific amino acid. As-

partic acid, alanine, serine and valine had similar values 

in the room held and refrigerated samples; however, the room 

held and blast frozen samples differed in concentrations of 

these amino acids (P<.05). These amino acids were in great

est concentrations in the blast frozen samples indicating 

that as temperature decreased, stability of these amino acids 

increased. Lysine had similar values for the room held and 

blast frozen products and were both different from the re

frigerated products, which had the highest concentrations. 

This may be due to the highly unstable nature of lysine 

after exposure to light or air during storage, sampling or 
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analysis procedures. Isoleucine had similar values in the 

room held and refrigerated samples with both differing 

(P<.05) from the higher values in the blast frozen samples. 

Storage Interval: Storage intervals affected the 

measurable quantities of each amino acid except for leucine. 

The three intervals resulted in different values for lysine, 

histidine and tyrosine. Lysine and tyrosine decreased after 

six weeks which may be due to oxidation, exposure to light, 

or bacterial contamination during sampling and chemical 

analysis at six weeks. Histidine increased after each stor

age interval. Arginine had similar values for three and 

nine weeks and also for six and nine weeks with three and 

six weeks significantly different (P<.05). This may be 

due to oxidation after six weeks during experimentation due 

to package leakage of air or poor experimental procedures. 

Aspartic acid, serine, glutamic acid, glycine, alanine, half 

cysteine, and valine had a decrease between three and six 

weeks of storage with a stabilization between six and nine 

weeks of storage. This may be caused by an unstable period 

in which the amino acids are reacting with oxygen inside the 

storage bags, after which time the amino acid concentrations 

stabilized. Threonine had similar values for three and six 

weeks of storage but values from samples in both storage 

times were significantly different (P<.05) from the nine 

weeks storage period. Threonine's susceptible period to 

destruction was probably after six weeks of storage because 
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the concentrations of this amino acid declined between six 

and nine weeks of storage. Isoleucine had similar values 

after three and nine weeks of storage but values from both 

storage periods differed from the value after six weeks of 

storage. This may be due to air oxidation, bacterial con

tamination, or experimental error in determining values 

from the six week sample. 

One value for each amino acid under each main effect 

was obtained in this experiment, which was a probable limit

ing factor in the explanations of the altering concentra

tions of amino acids. More individual studies must be per

formed to obtain stability data on amino acids subjected 

to these storage conditions. Only gross trends in the 

analyses have been reported here. 
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TABLE 14 

LEAST SQUARES MEANS FOR TREATMENT ON EACH AMINO ACID 
IN MILLIGRAMS PER GRAM OF SAMPLE 

Amino Acid Control 
Treatment 
CSF Sunflower 

Lysine 

Histidine 

Arginine 

Aspartic Acid 

Threonine 

Serine 

Glutamic Acid 

Proline 

Glycine 

Alanine 

Half Cysteine 

Valine 

Isoleucine 

Leucine 

Tyrosine 

Phenylalanine 

2.18^ 

1.57^ 

2.94^ 

3.87^ 

2.37^ 

3.54^ 

17.10^ 

8.45 

1.90^ 

2.28^ 

1.06^ 

2.89^ 

2.80^ 

4.68^ 

1.44^ 

7.36 

5.01" 

3.39''̂  

11.33^ 

10. os-*̂  

4.81^ 

6.03^ 

25.08-^ 

5.86 

4.12^ 

4.64^ 

1-65^ 

5.43^ 

4.61''^ 

8.50^ 

2.94^ 

7.69 

2.09 "̂ 

1.45° 

2.81^ 

3.81^ 

2.63^ 

3.49^ 

16.61^ 

5.01 

1.88^ 

2.22^ 

1.04^ 

2.8r 

2.63' 

4.98* 

1.38* 

7.49 

a, b, c Means m a 
horizontal row with different super

scr ipts are significantly different (P<.05). 



TABLE 15 

LEAST SQUARES MEANS FOR FORM ON EACH AMINO ACID 
IN MILLIGRAMS PER GRAM OF SAMPLE 
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Amino Acid 

Lysine 

Histidine 

Arginine 

Aspartic Acid 

Threonine 

Serine 

Glutamic Acid 

Proline 

Glycine 

Alanine 

Half Cysteine 

Valine 

Isoleucine 

Leucine 

Tyrosine 

Phenylalanine 

-'"Nonsignificant main 

Form 

Cooked 

3.05 

2.12 

5.66 

2.87 

3.17 

4.25 

19.46 

7.54 

2.60 

2.99 

1.23 

3.63 

(3.31 

(6.00 

1.96 

5.23 

effects. 

Raw 

3.13 

2.15 

5.73 

5.96 

3.37 

4.45 

19.73 

5.34 

2.67 

3.11 

1.27 

3.78 

3.39)-^ 

6.10) 

1.88 

5.46 
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TABLE 16 

LEAST SQUARES MEANS FOR STORAGE TEMPERATURE ON EACH 
AMINO ACID IN MILLIGRAMS PER GRAM OF SAMPLE 

Amino A c i d 

S t o r a g e Tempera tu re 
Room R e f r i g e r a t o r B l a s t F r e e z e r 

25° C 

Lysine 

Histidine 

Arginine 

Aspartic Acid 

Threonine 

Serine 

Glutamic Acid 

Proline 

Glycine 

Alanine 

Half Cysteine 

Valine 

2.98^ 

2.04^ 

5.56^ 

5.78^ 

3.22 

4.25^ 

18.84^ 

5.32 

2.63 

2.99^ 

1.21^ 

3.65^ 

4.4*̂  C 

3.19^ 

2.17^ 

5.80^ 

5.90 

3.39 

4.36 

19.79^ 

5.34 

2.60 

3.05 

1.26̂  

3.69 

ab 

ab 

ab 

ab 

-33' 

3.11^ 

2.21^ 

5.72^ 

6.07''̂  

3.20 

4.45^ 

20.17''̂  

8.67 

2.68 

3.11^ 

1.28'' 

3.78^ 

Isoleucine 

Leucine 

Tyrosine 

Phenylalanine 

3.08^ 

5.90 

1.83 

7.46 

3.07^ 

5.74 

1.95 

7.62 

3.89 

6.52 

1.97 

7.46 

a, b, c„3^„3 i„ a horizontal row with different super

scripts are significantly different (P<.05). 
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TABLE 17 

LEAST SQUARES MEANS FOR STORAGE INTERVAL ON EACH AMINO 
ACID IN MILLIGRAMS PER GRAM OF SAMPLE 

Amino Acid 
S torage I n t e r v a l 

3 Weeks 6 Weeks 9 Weeks 

Lys ine 

H i s t i d i n e 

A r g i n i n e 

A s p a r t i c Acid 

Threon ine 

S e r i n e 

Glutamic Acid 

Proline 

Glycine 

Alanine 

Half Cysteine 

Valine 

Isoleucine 

Leucine 

Tyrosine 

Phenylalanine 

3.26"" 

2 .04^ 

5 . 8 1 ^ 

6 .33^ 

3.40^ 

4 .74^ 

21.12^ 

5.54 

2.89^ 

3.34^ 

1.35^ 

4 . 0 6 ' 

3.40^ 

(6 .21 

2.64* 

7.53 

2 .89" 

2 .13^ 

5.60^ 

5.68^^ 

3.40^ 

4 .17^ 

18.66^ 

5.45 

2 .51^ 

2.90^ 

1.20^ 
1 

3.58 

3.00^ 

5.85 

1.40^ 

7.60 

ab 

3 .13 ' 

2.24^ 

5.68 

5.74^ 

3.00^ 

4 .15^ 

19. Ol''̂  

8 . 3 3 
b 

2.50 

2 .91^ 

1.20^ 

3.48^ 

3.65^ 

6 .10) ' 

1.72° 

7.41 

a^ ^ ' °Means i n a h o r i z o n t a l row with d i f f e r e n t super
s c r i p t s d i f f e r s i g n i f i c a n t l y ( P < . 0 5 ) . 

-•-Nonsignificant main e f f e c t . 



CHAPTER V 

CONCLUSIONS AND APPLICATIONS 

Sensory Evaluations 

The objectives of this study were to formulate a 50% 

CSF-wheat flour cookie control and sunflower oil cookie, and 

study the short range commercial storage conditions effect 

on sensory acceptability, storage stability, and quality 

changes of the product. Treatment was the only main effect 

to influence (P<.05) the sensory evaluations. The control 

sample was the preferred product with the CSF and the sun

flower oil samples scored similarly. The effect of storage 

temperature on the preference scores of the sensory panel 

showed that the blast frozen samples were the most pre

ferred, followed by refrigerated samples, and the samples 

held at room temperature. 

Chemical Analysis Data Evaluation 

All main effects influenced (P^.05) the crude pro

tein values. All treatments were different in crude pro

tein, (P<.05) with CSF samples having the highest crude 

protein values, followed by the sunflower oil and then the 

control samples. Form and storage interval were ranked 

similarly in effecting crude protein values. Room tempera

ture and refrigerated samples were similar in crude protein 

values, but both were different (P<.05) from the blast 

frozen samples, which had the highest crude protein value. 
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All main effects influenced (P<.05) the moisture 

loss in the samples. Control and sunflower oil products 

were similar in moisture content, and both were different 

from the CSF samples, which retained the most moisture. 

The raw samples lost more moisture during storage than 

baked samples. The samples stored at various temperatures 

showed differences in moisture loss. Samples stored at 

room and refrigerated temperatures were similar in mois

ture loss, and both were different (P<.05) from the blast 

frozen samples, which retained the most moisture. Storage 

time also affected moisture loss. The samples stored for 

nine weeks had the highest moisture loss, followed by the 

samples stored for three weeks. Samples stored for six 

weeks retained the most moisture. 

All main effects influenced ash content except form. 

Control and sunflower oil samples were similar in ash con

tent, but both were different (P <-05) from CSF samples, 

which had the highest ash content. Refrigerated and frozen 

samples were similar in ash content, and significantly dif

ferent (P <.05) from room held samples, which had the greater 

ash content. Samples stored for three and six weeks were 

similar in ash content, and significantly different (P<.05) 

from the nine weeks stored product, which had the highest 

ash content. 

Al l main e f f e c t s influenced amino acid composition 

(P < . 0 5 ) . The CSF products contained the g r ea t e s t amounts 
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of most amino acids. Cooked and raw samples were similar 

in amino acid content. Most measurable quantities of amino 

acids increased as the storage temperature decreased, and 

showed the greatest decrease after six weeks of storage. 

No treatment or other main effect caused measurable rancid

ity, as determined by measuring the production of short 

chain volatile fatty acids. 

From the previously stated results the following 

conclusions may be drawn. The control product was pre

ferred, but the CSF or, similarly rated, sunflower oil 

products were acceptable. The optimum storage conditions 

are: 

1. Decreased storage temperature resulted in the 

most stable moisture, total protein content, and the least 

ash content. As storage temperature increased, ash content 

increased, moisture loss increased and protein content de

creased. 

2. The CSF samples were tested and found to be 

products in which there was: decreased moisture loss, in

creased ash content, increased amino acid, and total pro

tein content. These favorable changes in product conforma

tion are attributed to the high protein content and mois

ture binding capacity of CSF. 

3. All products may be stored either raw or cooked 

with no significant (P<.05) difference in quality. 

4. The sunflower oil did not cause any significant 

difference (P<.05) in storage quality or stability. 
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APPENDIX A 

Name 

Date 

A.M. 

Number the symbols of the cookies in order of preference, 

beginning with the cookie you prefer the most. 

Name 

Date 

P.M. 

Two of the 4 cookies are the same. Write the symbols of 

the 2 cookies that are the same. 

Number the symbols of the cookies in order of your pref

erence, beginning with the cookie you prefer the most. 

(Number the 2 cookies that are the same with the same 

number.) 
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