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ABSTRACT 

Two varieties of cowpeas were used to prepare 12 flours by 

germination, alkali treatment, and by dry roasting at two temperatures, 

130°C or 150°C, and two different time intervals at each temperature. 

Proximate analysis, lysine availability, thiobarbituric acid values 

(TBA) and trypsin inhibitor activity were determined. Trypsin 

inhibitor activity was decreased by 8 - 91% for all twelve treatments; 

dry roasting was the most effective. Lysine availability was decreased 

by 35%. TBA values for all treatments decreased with storage time. 

Cookies were prepared with wheat flour supplemented by 30% cowpea 

flour. Taste panel evaluation of the cookies revealed that germination 

produced a peanut butter flavor while dry roasting gave a nutty flavor. 

viii 



CHAPTER 1 

INTRODUCTION 

Plants are the principal source of dietary protein in much of 

the world, especially where poverty, high birth rate, disease and 

malnutrition are common. The Fabaceae is a very large family of plants 

which contains approximately 13,000 species. About 20 of these, 

commonly referred to as legumes or pulses, are important food sources. 

They include peas, beans, lentils, cowpeas and others. Legumes are a 

staple of the diet in Third World Countries and for vegetarian people 

in all countries. 

Legume seeds contain two to three times more protein than 

cereals and are important as a source of vitamins and minerals. The 

combination of a legume and a cereal provides a blend of proteins with 

a complementary amino acid mixture of high nutritive value. The 

deficiency of lysine in cereals is met by legumes, while the legumes' 

low levels of the sulfur amino acids, methionine and cystine, are 

provided by cereals. These combinations are an important feature of 

the diet in many countries. 

Legumes are consumed worldwide, and the demand for them is 

increasing (Oliveira, 1973). As a group, they represent a 

supplementary source of protein in the diet, but in Third World 

Countries they are usually a vital source of protein. About 8.5 
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million tons of protein are obtained from legumes annually in Latin 

American countries (Ukhun, 1984); this represents 20-30% of the protein 

intake of poor people (Bressani and Elias, 1963). In Brazil, a 

tropical country of South America, beans and peas are consumed daily 

throughout the country (Sales, 1980). The use of beans, lentils and 

peas combined with cereals such as rice, arepa (corn meal) or the 

staple root cassava, is daily dietary practice in Venezuela. In West 

Africa the combination of cereal and legume is common practice in such 

dishes as rice and cowpeas, akara and pap, and adalu (maize and 

cowpeas) (Dolvo et al. 1976). 

The development of off flavors is a great obstacle to the 

acceptance of products which could be developed from legumes. 

Substances which are responsible for the off flavors and off aromas are 

presumed to form from significant amounts of polyunsaturated free fatty 

acids by the action of enzymes such as lipoxidase at various stages of 

food processing (salunkhe et al., 1982). Polyphenols in cereals and 

legumes have an adverse influence on color, flavor and nutritional 

quality (Pattee et al.,1982). 

Raw legume seeds are not generally used for food, because they 

contain numerous mildly toxic substances referred to as antinutritional 

factors which interfere with the digestive process or prevent efficient 

utilization of legume proteins. Simple processing and heat treatment 

are required and are generally effective in preparing legume seeds for 

food use (Deshpande et al., 1984). In African countries and in India, 

Pakistan, Bangladesh and China, legumes are processed in the home prior 
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to consumption. This includes soaking, cooking, germination and/or 

fermentation (Pattee et al., 1982). In the United States canning has 

become one of the most effective methods of processing dry beans 

(Deshpande et al., 1984). 

The objectives of this study were to produce flours from 

cowpeas fviana unouiculata) by germination, by roasting, and by 

alkaline treatment, and to obtain comparative physical, chemical and 

sensory evaluations of their properties. Sensory properties were 

determined with a "butter cookie" product which was prepared with 

combinations of cereal and legume flours. 



CHAPTER 2 

LITERATURE REVIEW 

Although the plant family Fabaceae includes about 13,000 

species which range from tropic to arctic regions, the greatest variety 

of legumes are grown in tropical and subtropical environments. The 

cowpea, Viana unguiculata. is one of these and is an important food 

source in Africa, Asia and South America, particularly in Brazil. It 

is one of relatively few legumes which are used in the United States, 

where it is grown mainly in California and Texas (Singh and Roachie, 

1985). 

Chemical Composition of Cowpeas 

Cowpeas contain about 24% protein, 62% carbohydrate and small 

amounts of other nutrients. The range of protein content is from 23 -

30% and is influenced by genotypes and environmental factors (Bliss, 

1975). The protein is deficient in sulfur-containing amino acids, 

particularly methionine (Bell, 1975). The lysine content is relatively 

high, making cowpeas an excellent complement to lysine-deficient cereal 

grains. 

Crude fat levels are low, ranging from 1.6 - 2.1% (Salunkhe, 

1982). Ukhun (1984) reported a total saturated fatty acid content in 

the triglycerides of 45.4% with palmitic acid as the dominant 

component. Linoleic and linolenic acids predominated in the 54.6% of 
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fatty acids which make up the unsaturated fraction. Although this 

fraction is more desirable nutritionally, it is also more susceptible 

to peroxidation with consequent adverse effects on flavor of products 

prepared with cowpeas. 

Nutritive Value Cowpeas 

The protein content of legumes is two to three times that of 

cereal grains such as wheat, maize or rice. The relatively high levels 

of lysine in legumes and methionine in cereals assures improved protein 

quality of legume/cereal blends. Legumes also constitute an important 

source of vitamins and minerals and are the legume of choice in African 

and South American countries (Ukhun, 1984). 

Cowpeas have been reported to contain antinutritional 

substances including trypsin inhibitor, lectin and polyphenols 

(tannins) which decrease protein digestibility and quality (Bressani 

and Elias, 1979). 

Effegfc fi£ Processing SO. Nutritional Quality of Cowpeas 

Legumes must be cooked before consumption in order to destroy 

the numerous toxic and antinutritional substances which may be present 

(Almas and Bender, 1980). Ologhobo and Fetuga (1984) subjected ten 

cowpea varieties to four processes; soaking £3 days); germination (3 

days); cooking (at 15 psi, 15 min); and autoclaving (105°c, 15 psi, 20 

min). All samples were then freeze-dried. Trypsin inhibitor activity 

in the unprocessed samples ranged between 19.6 - 28.2 TlU/mg protein. 

Cooking and autoclaving resulted in a complete loss of activity, while 
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soaking reduced the activity level by only 12.4 - 22.8%. Germination 

induced a reduction in activity ranging between 57.2 - 59.1%. Noor et 

al. (1980) observed no measurable change in trypsin inhibitor activity 

in mung beans (Phaseolus aureus) after four days of germination. 

Teles et al. (1984) showed that cowpea flours prepared after 

mild alkali treatment, dry roasting or microwave heating of the legume 

seeds were unchanged with respect to amino acid, fatty acid and overall 

composition. Almas and Bender (1560) reported that losses of available 

lysine from legumes varied with the length and severity of heat 

treatment and the type of legume. The desirable flavors developed in 

many cooked legumes are apparently due in part to reactions of the 

Maillard process but also are accompanied by a loss of available 

lysine. 

During germination, increases in the content of several E 

complex vitamins and ascorbic acid occur (Deshpande et al., 1984). 

However, the beneficial effects of this process in regard to protein 

content and reduction of antinutritional inhibitory enzymes remain 

controversial. 

Effect fif Lipid Peroxidation fin Cwpeas 

Legumes contain triglycerides with unsaturated fatty acids and 

so are susceptible to oxidative deterioration. Both enzymic and 

chemical peroxidation result in the formation of hydroperoxides which 

decompose spontaneously by complex pathways to aldehydes, ketones, 

alcohols and carboxylic acids. 



Interaction of peroxidizing lipids with proteins and vitamins 

is possible. Free radicals formed during lipid peroxidation induce 

oligomerization of proteins. Methionine, histidine, cystine and lysine 

are particularly vulnerable amino acid monomers in protein molecules, 

and it is important to note that the sulfur-containing amino acids are 

limiting in legumes. This may diminish the destructive effect of 

peroxidation on protein functionality in legumes. 

Aldehydes resulting from hydroperoxide decomposition could 

react with lysine or other amines by non-enzymic or enzymic browning. 

Aldol polycondensation may also lead to pigment formation. Clearly, 

peroxidation can bring about reactions which affect protein 

functionality, and the consequences appear as generally undesirable 

changes in enzymic activity, flavor, color and texture (Pattee et 

al.,1976 

Lipid peroxidation can affect the utilization of cowpeas either 

in raw or processed forms {Ukhun, 1984). Oxidative changes can be 

demonstrated in the range 5 - 25°C, and any input of thermal energy 

favors oxidation (Ericksson, 1967). Ericksson and Svensson (1970) 

demonstrated lipoxidase activity in peas and recommended blanching to 

inactivate this enzyme. 

The measurement of peroxide level has been used almost 

exclusively to evaluate lipid oxidation in plant material which may 

lead to rancidity. Peroxides are not the only unstable intermediates 

in the process, however. Malonaldehyde is derived from hydroperoxides 
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having three or more double bonds. Malonaldehyde, measured 

spectrophotometrically after its reaction with 2-thicbarbituric acid 

(TBA), has proved to be a highly successful indicator of the extent of 

lipid peroxidation in animal tissues. 3BA number has been observed to 

decrease during the storage of freeze-dried meat as the result of the 

reaction of malonaldehyde with proteins (Melton, 1983). ^plication of 

the malonaldehyde - TBA analysis as a monitor of lipoxidase 

deactivation in vegetable material was advocated by (Ehee and Watts, 

1966). 

Pood Applications £q l  Cowpea Flwr 

Cowpea flour could provide functional and nutritional 

advantages if incorporated in foods such as bread, cookies, crackers, 

pasta, macaroni and spaghetti. The major impediment to its use, 

especially in developed countries, is the beany flavor and the possible 

development of rancidity during storage. 

Legumes are an important nutritional complement to cereal 

grains. McWatters (1978) found that in sugar cookies prepared from 

wheat flour fortified with cowpea flour, total protein content 

increased 0.5% with each 10% increment of cowpea flour. The 1% content 

of fat in the cowpea flour had no impact on the fortified products. 

Sensory Evaluation Methodology 

A sensory evaluation is made by the senses of taste, smell, 

sight, touch and hearing when food is eaten. The complex sensations 

that result from the interaction of the senses are used to measure food 



quality with people serving as the measuring instrument. The physical 

and mental condition of the panelist and the environment affect sensory 

tests. Sensory panels can be grouped into highly trained panels, 

laboratory panels and large consumer panels. The latter are used to 

determine consumer reaction to a product. 

There are three fundamental types of sensory tests: preference 

test, discriminatory test and descriptive test. The hedonic scale 

method is a preference test with the nine point hedonic scale being the 

most common. The term hedonic is defined as "having to do with 

pleasure". It should only be used in connection with scales in which 

the panelist expresses his degree of liking or disliking (Larmond, 

1977). 

The hedonic scale for food was first used by the Quartermaster 

Food Container Institute in 1947, and the method was described by 

Peryam and Girardot (1952). The hedonic scale was designed for use by 

observers without experience in food testing. It reflects the 

attitudes of a group of people to certain foods. Cover (1959) pointed 

out that the hedonic scale is useful for measuring acceptance but is 

not designed to evaluate quantitative changes in a food. 

To analyze data obtained with the hedonic method, numbers from 

1 to 9 are assigned to the descriptive categories, and the following 

are calculated: means, standard deviations, standard errors of the 

means and the significances of the means; these can be treated by 

analysis of variance. 
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The advantages of the hedonic scale have been discussed by 

Amerine et al. (1965): 

1. the hedonic scale is used with a wide range of population, 

2. subjects can respond without previous experience, 

3. the data can be handled by the statistics of variables, 

and 

4. the results indicate levels of preference. 

To determine differences between samples a ranking test is 

used. In this test the panelist receives three or more coded samples, 

and is asked to rank them for the intensity of some characteristic. 

The results can be checked by using tables prepared by Kramer (1960) 

and tables from Fisher and Yates (1957). The ranking method is rapid, 

and the samples are evaluated only in relation to each other. 



CHAPTER 3 

MATERIALS AND MEZEHCDS 

Two varieties of cowpeas fVigna urauiculata) were used in this 

study: black-eyed pea, California No. 5 (lot #9-57-018, obtained from 

Foundation Seed, California Crop Improvement Association, 231 Hunt 

Hall, University of California, Davis, CA 95616); and Mississippi 

Purple Pea (obtained from Pennington Enterprises, P.O. Box 338, 

Greenfield, MO 65661). The varieties were obtained in 1SC5 and 1986, 

respectively. 

Preparation fif Cowpea Elfiiars 

Seed of both varieties were cleaned, sorted, rinsed and air-

dried. Three processes and controls were used to provide fourteen 

different treatments: germination, soaking in alkali, and dry roasting 

at two temperatures and two times. 

For germination cowpeas were soaked for 12 hr, drained, rinsed 

and placed on saturated germinating paper (Seedburo Equipment Co., 1022 

W. Jackson Elvd., Chicago, IL, No. 399, 21" X 15") in covered plastic 

containers at room temperature in the light until a 90% germination 

rate was observed (22-25hr). 

11 
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For alkali treatment cowpeas were soaked overnight at room 

temperature in 0.5% NaHCC^ (1:3 w/w cowpeassolution), then drained, 

rinsed and boiled for 30 min in 0.5% NaHC03, then drained and rinsed 

again. 

Cowpeas were dry roasted in a pre-heated air oven at four 

conditions: 130°C for 40 min, 130°C for 60 min, 150°C for 30 min and 

150°C for 50 min. The control groups were unprocessed. Cowpeas in all 

treatments were frozen, lyophilized, ground to 28 mesh, then stored at 

4°C in sealed plastic bags which were held in covered plastic jars. 

Analysis &£. Cowpea Flwrs 

Proximate Analysis 

Flours prepared from treated and untreated cowpeas were 

analyzed in duplicate for fat and protein content using standard 

techniques (A.O.A.C., 1975). Crude protein was determined by the 

micro-Kjeldahl method, and crude fat was extracted with hexane in a 

Goldfisch apparatus. Means were calculated on dry weight basis. 

Amino Acid Analysis 

Amino acids of cowpea flour protein were chromatographically 

determined using a HPLC (Model SP8000B, Spectra-Physics, Mountain View, 

CA 94042) equipped with a 3 RP-18 column. 

Protein hydrolysis was accomplished as follows: 100 mg of 

sample was weighed into a 250 ml round bottom flask with 100 mg sodium 

thioglycolate and hydrolyzed with 6N HC1 at 121°C in an autoclave for 

16 hr (Jones et al„ 1981). The sample was evaporated to dryness under 
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vacuum using a rotary evaporator. The residue was dissolved in 10.0 ml 

of sodium citrate buffer solution (pH 2.2) and filtered. To 10 ml of 

sample 4 ml of o-amino butyric acid was added as an internal standard. 

The sample was derivatized by adding 100 vl o-phthaldehyde to 100 pi 

sample with the standard solution and quantified by HPLC. 

Trypsin Inhibitor Analysis 

Trypsin inhibitor activity in each flour was determined 

according to Kakade et al. (1974). The samples (1 g) were extracted 

for 2 hr at room temperature with 30 ml of sodium hydroxide (0.01N) 

under constant agitation. The extracted sample was centrifuged at 

5000 rpm for 15 min, then filtered through Whatman paper No 1. 

Filtered samples were diluted with distilled water so that 1 ml of the 

diluted extract would inhibit the enzyme hydrolysis of the substrate 

from 40-60%. Initial dilutions were made as follows: in the case of 

the germinated and dry roasted samples, 5 ml of extract was diluted to 

50 ml; for alkali treated beans 7 ml of extract was diluted tc 50 ml; 

and for raw beans 5 ml of extract was diluted to 50 ml. These 

solutions were diluted additionally by a factor of 5. Aliquots of bean 

extracts were pipetted into duplicate sets of 50 ml Erlenmeyer flasks 

according to one of the schemes shown in Appendix A. Trypsin solution, 

2 ml, was added to each reaction vessel except for that of the sample 

blank. Then reaction vessels 1, 2, 3, 4 and 5 were placed in a 

gyratory water bath at 37°C. When the temperature was equilibrated, 5 

ml of the substrate solution was pipetted into each reaction vessel in 

sequence at 15 sec intervals. After exactly 10 min, the reaction in 
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each reaction vessel was quenched by adding 1 ml of 30% acetic acid. 

The sample blank was prepared by adding 5 ml of substrate, 1 ml of 30% 

acetic acid and 2 ml of trypsin solution to the reaction vessel, which 

already contained the extracted sample. To prepare the reagent blank 1 

ml of acetic acid followed by 5 ml substrate was pipetted into the 

reaction vessel already containing 2 ml of water and 2 ml of trypsin 

solution. Each reaction mixture was filtered through Whatman No. 1 

paper. 

Absorbance of the sample was determined in a spectrophotometer 

(Beckman DU with Gilford Model 252 Modernization System) at 410 nm 

against the reagent blank, and the values were corrected for the 

absorbance of the sample blank. 

Tryptophan Analysis 

Flours prepared from untreated cowpeas were analysed for 

tryptophan in duplicate using the procedure outlined by Vollmer (1972). 

The samples (100 mg) were hydrolyzed with 10 ml of 4N NaOH overnight at 

121°C in an autoclave. The samples were cooled to room temperature 

adjusted to pH 7 by adding 5 ml phosphate buffer. Aliquots (2ml) were 

pipetted into duplicate sets of 50 ml Erlenmeyer flasks which were 

placed in an ice water bath. Vollmer's Acetic-iron-glyoxylic solution 

(4 ml) was added to the flasks with agitation. When the flasks were no 

longer warm they were removed and allowed to develop a violet color at 

room temperature for approximately 25 min. The absorbance of samples 

was then read at 545 nm. 
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A standard curve was prepared by making appropriate dilutions 

of 0.1 mg Trp/ml (working solution) to give amounts in the range 0.01-

0.05 mg Trp/ml. 

Determination of Available Lysine 

Available lysine in flours was measured by the Carpenter method 

as modified by Hurrel et al. (1979). This method is based on the dye 

binding capacity (DBC) of basic groups in the proteins of test material 

for Acid Orange 12 and the addition of propionic anhydride to block the 

lysine groups. The measurement of DEC is made on an unmodified sample 

and a sample after treatment with propionic anhydride. One measurement 

("A") gives the total of lysine, histidine and arginine while the other 

("B") gives the value of arginine plus histidine# and the difference 

between measurements serves to estimate the amount of lysine. 

For reaction ("A"), 0.4 ml of propionic anhydride and 4 ml of 

half-saturated sodium acetate solution were added to 350 mg of 

derivatized sample. Sample solutions were shaken for 15 min, 40 ml of 

dye solution was added to the flask, and the resultant mixture was 

vigorously shaken for 1 hr. Reaction ("B") was accomplished in the 

same way but without the addition of propionic anhydride. 

An aliquot of 10 ml from each reaction vessel was centrifuged 

for 10 min at 5,000 rpm, 1 ml of each supernatant was diluted to 100 ml 

with buffer solution (pH 1.3; 20 g oxalic acid, 3.4 g K2HPO4, 60 ml 

glacial acetic acid and water to make 1 L), and its absorbance measured 
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at 475 ran. Residual dye concentration was determined from a standard 

curve, and the amount of dye bound to lysine derivatives was calculated 

by difference. 

Thiobarbituric Acid Assay 

Hie distillation method of Tarladgis et al. (1960), as modified 

by Rhee and Watts (1966), was used to determine the extent of lipid 

oxidation in the treated cowpea flours. The sample (3 g) was blended 

with 5 ml HC1 (1:2) and 40 ml water. The slurry was quantitatively 

transferred into a Kjeldahl flask by washing with an additional 55 ml 

distilled water. Boiling chips and a few drops of Dow Corning Antifoam 

A were added to prevent bumping and foaming. This mixture was boiled 

rapidly for 12 min in a Kjeldahl distillation apparatus to collect a 

final distillate of 50 ml. An aliquot of the distillate (5 ml) and 5 

ml of TBA reagent were combined in a glass stoppered tube and heated 

for 35 min in a boiling water bath. A blank was prepared with water 

and TBA reagent and treated in the same manner as the samples. The 

samples and blank were cooled for 10 min, and absorbance was read at 

538 nm and corrected for the blank. 

A standard curve was prepared for malonaldehyde generated from 

1,1,3,3-tetraethoxypropane (TEP). Dilutions were made from a fresh 
O 

stock solution to give amounts of malonaldehyde ranging from 1-7 X 10 

mole/5 ml. 

Results were expressed as TBA number which is mg of 

malonaldehyde per 1000 g of sample. 
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After 5 months a portion of each flour including controls was 

removed for TBA analysis and stored at room temperature (27°C). 

Color Measurement 

The color of flour samples was determined by the Spectronic 20 

and its Reflectance Attachment, which measures reflectance as a 

function of wavelength. 

A magnesium carbonate block was used as the primary white 

reflectance standard; a secondary standard, white porcelain, was used 

as an adjusted 100% standard for all measurements. For calibration, 

the reflectance of the porcelain was measured against the magnesium 

carbonate surface at the following standardized wavelengths: 

415 ran 565 ran 

445 nm 595 ran 

475 nm 625 nm 

505 nm 655 ran 

535 nm 685 nm 

The reflectance curve was plotted and used as an adjusted reference for 

sample measurements. 

Samples were measured at the same wavelengths used for the 

reflectance curve, and the values were recorded on the B & L 

trichromatic coefficient computing form for illuminant C, Bausch 6 Lomb 

Inc., (Cat. No. 33-29-12-101. The values X, Y, Z (tristimulus values) 

and the trichromatic coefficients x, y and z were easily calculated 

from the computing form (Appendix B). 
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In the left column, opposite to the standard wavelengths, are 

the reflectance values of the porcelain standard. After taking 

reflectance readings of the samples at a given wavelength, a short 

vertical line was drawn through each corresponding scale in each of the 

three groups giving the correct value of that reading for each given 

wavelength. 

The number in the right hand column opposite to the first group 

was added, and the sum written on the line Total X. The same was 

repeated for the second and third groups to obtain values for Total Y 

and Total Z. 

To obtain the values of the three chromaticity coordinates "x", 

"y" and nz", the total X, Y, Z values were used to arithmetically 

calculate them. 

To convert the chromaticity values to Hunter velues, the 

following formulas were used: 

LI: 10 Y 

al: 1Z*5 (1.02X-Y) 
Y 

bis ImSL (Y-0.8467Z) 
Y 

To measure the whiteness of the flours the following formula was 

US6Cl • 
W = Y- a(x-xn) - b (Y-yn) 

Where: 
W = whiteness 
Y = luminance factor 
x,y = chromaticity coordinate 
xn,yn « perfect reflecting differences (from 

the standard) 
a = 800; b = 1700 (neutral hue preference) 



ESQ<a Products from Cowoea FlWCS 
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Formulation of Food Products 

Cookies were prepared by substituting cowpea flour for 30% of 

the wheat flour. Cookie formulation is shown in Table 1. 

Cookie Preparation 

Butter was initially creamed to a light color. Sugar was 

gradually added as creaming was continued. The two flours were 

combined, sifted and stirred gradually into the mixture, and vanilla 

was added. The batter was dropped from a teaspoon onto a greased 

cookie sheet. The cookies were baked for 10 min in a preheated 375°P 

oven, cooled on a rack and stored in polyethylene bags until evaluated. 

Sensory Evaluation qI flood Product 

Sensory evaluation was conducted by using the hedonic scale and 

the ranking scale, two different methods which measure acceptability 

(Appendix C). 

Hedonic Scale 

The characteristics color, texture, mouthfeel, flavor and 

overall acceptability were evaluated using a 9-point hedonic scale 

described by Amerine et al. (1965) and Larmond (1977). The panelist 

placed a mark on each line according to how much he/she liked or 

disliked the cookie. The highest acceptability score was 9, while the 

lowest was 1. 



Table 1. Formulation of cookies. 

Ingredient Mount 

Butter 113 g 

Sugar 100 g 

Vanilla 1 tsp 

Flour, ccMpea (30% of total flour) 36 g 

Flour, wheat, all-purpose 84 g 



21 

Ranking Scale 

Samples were evaluated for preference using the ranking scale. 

The panelist ranked the sample liked best as first and the sample liked 

least as last. 

Cookie samples were coded and served at room temperature in 

randomly assigned order. Water was provided for rinsing the mouth. 

Preliminary sensory evaluation using a 50 member untrained panel 

determined no significant differences between the cookies made by 

substituting cowpea flour for 20 and 30% of the wheat flour. 

Therefore, further evaluation was carried out only with cookies 

prepared with 30% cowpea flour and a 100% wheat flour control. Final 

sensory evaluations of cookies was conducted by a 23 member untrained 

panel. 

statistical Analyses 

Means, standard deviation of means and analysis of variance 

were calculated for the results of the chemical and physical analyses 

and the results of the sensory evaluation, using a computer program. 

Least significant difference at the 5% level was computed when F values 

were significant. 



CHAPTER 3 

RESULTS ATD DISCUSSION 

Proximate Analysis 

Data obtained by proximate analysis are presented in Table 2. 

The protein content of raw and treated samples of the Blackeyed pea 

variety ranged from 23.13-26.67%, while raw and treated samples of the 

Mississippi Purple variety had a considerably lower and wider range of 

18.84-24.90%. The protein levels found in this study were similar to 

those reported for treated cowpea by Sales et al. (1984). Crude 

protein has been reported to increase as a result of germination (Kylen 

and McCready, 1975; Hsu et al., 1980), but the analytical values 

obtained in this study on germinated samples were not substantially 

different from control or other treated samples of Blackeyed pea and 

were considerably lower than control and other treated samples of 

Mississippi Purple. 

The crude fat content in the two varieties of cowpea ranged 

from 1.10-1.50%. These low values are typical of species in the 

Fabaceae family. However, the values of crude fat found in this study 

were slightly lower than those which Ukhun (1984) and Phillips (1982) 

reported. Ukhun found palmitic acid to be the dominant saturated fatty 

acid and linoleic acid to be the dominant unsaturated fatty acid in the 

lipid fraction. He also reported the unsaturated fatty acid content as 

54.6%, 
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Table 2. Proximate caiposition of cowpea flours3. 

Variety/Treatment Protein3 Fata) 
(%) (%> 

Blackeyed Pea 

Control 26.67 ± 0.24b 1.10 + 0.04 

Germinated 25.89 ± 0.65 1.10 ± 0.11 

Alkali 24.65 ± 0.91 1.45 ± 0.11 

Dry Roasted 

130°C/40 min 24.08 ± 0.14 1.30 ± 0.06 

130°C/60 min 23.22 ± 0.19 1.50 ± 0.08 

150°C/30 min 23.13 ± 0.10 1.25 ± 0.06 

150^50 min 24.66 ± 0.27 1.40 ± 0.09 

Mississippi Purple Pea 

Control 22. 05 ± 0.61 1.45 ± 0.02 

Germinated 18. 84 ± 0.06 1.50 ± 0.10 

Alkali 24. 90 ± 0.82 1.40 ± 0.06 

Dry Roasted 

130^40 min 22. 99 ± 0.34 1.40 ± 0.07 

130°C/60 min 24. 82 + 0.25 1.50 + 0.03 

150°C/30 min 23. 16 ± 0.25 1.40 ± 0.06 

150°C/50 min 24. 15 ± 1.14 1.60 ± 0.10 

LSDC .93 .16 

aEach value is the mean of two determinations and is 
expressed on dry weight basis. 

kffean + standard deviation. 

Significance of differences between means at the 5% level. 
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compared with 45.4% for the saturated fatty acids; this is 

nutritionally desirable but also increases the susceptibility of the 

lipid fraction to oxidative deterioration. 

flrrupp. fipid Analysis 

Legumes contain various constituents which affect their 

nutritional quality, such as inhibitors of proteases and amylases 

(Ologhcbo and Fetuga, 1984). Others are phenolic compounds, lectins, 

phytases, flatus factors, and trypsin inhibitors (Deshpande et al., 

1984). To reduce or eliminate many of these undesirable substances dry 

roasting, germination, alkali soaking and autoclaving were used as 

treatments in this investigation. Although the use of high 

temperatures and alkali in the processing could destroy essential amino 

acids such as lysine and reduce protein solubility, germination causes 

a marked increase in certain amino acids. The greatest increases are 

those for glutamic and aspartic acids (Chen and Thacker, 1978), and the 

quantities of sulfur-containing essential amino acids are greater in 

the sprouts than in the ungerminated seeds (Hamilton and Vanderstoep, 

1979). 

In the present study, data were obtained for the essential 

amino acids in the control and treated cowpea flours which are listed 

in Table 3 and 4. The data show that lysine is relatively high, making 

cowpea an excellent supplement to improve the protein quality of cereal 

grains. Cystine, a limiting amino acid in cowpeas, was destroyed by 



Table 3. Essential amino acids of Dlackeyed pea flours.* 

Alkali 
Amino Acid Control Geminated Treated 

Anjininc 8.95 ± 0.21b 8.7 ± 0.50 8.52 ± 0.26 

IlistJtUne 3.66 4 0.03 3.45 4 0.44 3,52 4 0.26 

Ir-oleuclne 6.92 4 0.07 5.62 ± 0.79 6.47 4 0.10 

Leucine 10.29 4 0.10 10.6). ± 0.13 10.04 ± 0.11 

Lysine 9.94 i 0.30 8.58 ± 0.10 9.10 ± 0.10 

Methionine 2.36 4 0.11 2.86 ± 0.15 1.91 ± 0.00 

Plienyl-
alonine 6.24 ± 0.30 7.87 4 0.30 6.84 ± 0.50 

Thicanine 4.83 ± 0.43 4.CI 4 o.on 3.99 ± 0.29 

Dry [Coasted 

130°C 130^ 150^ 150°C 
Tor for for Tor 

40 min 60 min 30 min 50 min 

8.78 4 0.02 7.72 ± 0.59 0.52 ± 0.62 7.84 4 0.10 

3.80 i 0.16 3.35 4 0.13 3.87 4 0.39 3.48 ± 0.43 

6.27 4 0.03 4.91 4 0.33 5.91 ± 0.39 5.45 ± 0.60 

10.20 ± 0.30 8.29 ± 0.60 10.16 ± 0.58 8.39 4 0.10 

9.15 4 0.11 8.62 ± 0.74 9.03 4 0.04 8.90 4 0.11 

1.01 ± 0.04 1.71 ± 0.10 1.70 ± 0.20 1.72 ± 0.11 

7.60 ± 0.11 6.36 ± 0.50 7.45 ± 0.51 5.91 4 0.40 

4.80 1 0.10 3.75 1 0.30 4.66 t 0.44 3.93 ± 0.43 

ro 
cn 



Table 3—Continued 

Dry Roasted 

130°C 13 0t 150°C 150°C 
Alkali for for for for 

Amino Acid Control Germinated Treated 40 min 60 min 30 min 50 min 

Tyrosine 3.92 + 0.50 4.18 ± 0.09 3.81 + 0.20 3.60 ± 0.04 3.09 + 0.06 3.82 ± 0.30 3.59 ± 0.54 

Tryi>Loi)hanc 1.70 + 0.02 3 .72 + 0.06 1.64 i 0.10 1.68 ± 0.00 1.59 ± 0.10 1.52 t 0.08 1.50 ± 0.02 

Valine 6.83 + 0.13 6.84 ± 0.10 6.47 ± 0.47 6.41 + 0.22 5.51 4 0.47 6.43 ± 0.59 6.01 ± 0.70 

Cystine3 — — — — — --- — 

3 Bach value is the mean of tvo detcnninatlona and Is expressed on dry weight baois (g/16g N). 

b Mean ± standard deviation. 

c Tiyptcphnn was determined spectophotORetrically. 

^ Cystine was destroyed by the acid hydrolysis used in the analysis. 

ro 
CM 



TYiIilf 4. Essential tuiilno acids of MiBaiBBippi Purple pea flours®. 

Dry Roasted 

130^C 130^C lSO^C 150°C 
Alkali for for for for 

Amino f£id Control Cermlnatocl Treated 40 min 60 ruin 30 min 50 min 

Arginlne 9.0 ± 0.09^ 10.13 ±0.08 9.38 ± 0.79 10.3H ± 0.57 7.72 ± 0.50 9.32 ± 0.18 8.66 • 0.04 

HiGtidine 3.77 i 0.31 4.30 ±0.13 3.88 + 0.35 4.32 + 0.22 3.35 ± 0.13 3.90 ± 0.35 3.60 + 0.02 

Isoleucine 5.93 ± 0.58 6.55 ± 0.07 6.24 ± 0.78 6.85 ± 0.29 4.91 ± 0.34 5.99 ± 0.09 5.57 ± 0.11 

Lcucine 9.99 ± 0.08 10.94 ± 0.07 10.59 ± 0.88 10.50 ± 0.53 8.30 ± 0.60 10.00 ± 0.10 9.34 ± 0.06 

Lysine 9.27 ± 0.58 9.91 ± 0.14 9.70 1 0.70 9.24 ± 0.42 8.63 ± 0.74 9.05 ± 0.62 8.53 ± 0.08 

flciMionlnn 1.85 ± 0.39 2.23 ± 0.07 1.32 ± 0.60 1.46 ± 0.80 1.71 ± 0.01 1.89 ± 0.00 1.79 ± 0.14 

rU.nyl.i-
1 oniric 7.37 i 0.24 0.26 ±0.19 7.71 t 0.70 U.51 ± 0.03 6.36 ± 0.5) 7.36 + 0.10 6.79 ± 0.02 

Utinonlnc 4.46 ± 0.33 4.05 ± 0.09 4.40 ± 0.50 4.95 i 0.25 3.76 ± 0.30 4.24 ± 0.58 3.94 t 0.04 



Table 4—Continued 

Dry Roasted 

130^c 130°C 150°C 150°C 
Alkali for for for for 

Amino Acid Control Germinated Treated 40 min 60 min 30 min 50 min 

tyrosine 3.43 + 0.47 3.96 ± 0.03 4.21 ± 0.11 3.94 + 0.01 3.08 + 0.06 3.62 ± 0.10 3.36 + 0.02 

Tryptophan0 1.69 + 0.10 1.78 ± 0.08 1.60 ± O.U 1.70 ± 0.09 1.59 + 0.U 1.68 + 0.04 1.58 + 0.06 

Valine 6.66 + 0.60 7.26 ± 0.09 6.83 ± 0.75 7.54 + 0.35 5.52 ± 0.47 6.53 ± 0.10 6.00 ± 0.04 

Cystine*^ — — — — — — — 

a Each value is the mean of two determinations and is expressed on dry weight basis (g/16g N). 

^ Mean + standard deviation. 

c Tryptopahn was determined spectophotometrically. 

d Cystine was destroyed by the acid hydrolysis method used in the analysis. 

no 
CD 
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the acid hydrolysis procedure used in the analysis. Methionine, another 

limiting amino acid in cowpeas, was decreased by the heat treatments 

and the relatively low methionine value in all flours is evident. 

Germination did not seriously alter the content of amino acids. 

Only small decreases in lysine and isoleucine and an increase in 

phenylalanine occurred; other acids were not affected by germination. 

lysine Availability 

Lysine is one of the most likely amino acids to be made less 

available during processing, principally as a result of the Maillard 

reaction (Okaka and Potter, 1979). The available lysine content of the 

control and treated Blackeyed pea flours ranged from 47.07-52.61%, 

while the Mississippi Purple samples, both raw and treated, exhibited a 

much wider range from 47.36-63.96% {Table 5). In Blackeyed pea variety 

samples, the lysine content in all cases decreased in comparison to the 

control. The decrease for the germinated flour was more than 13%. 

Therefore, the slightly greater percent availability of the germinated 

flour (53.61%) in comparison to the control (52.61%) actually 

represented a lower level of total available lysine. Dry roasting and 

alkali treatment decreased percent availability for all Blackeyed pea 

samples. 

Mississippi Purple variety samples displayed somewhat different 

behavior with respect to total lysine. While dry roasting decreased 

total lysine, alkali treatment and germination caused increases of 4.6 

and 6.9%. Lysine availability, however, was decreased by all 
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Table 5. Available lysine content of cowpea flours3. 

Lysine Content (c/16g N) 

Variety/Treatment Total Bound Unbound 
Lysine 
Available 

% 

Blackeyed Pea 

Control 9.94 ± 0.30 4.71 5.23 ± 0.57 52.61 

Germinated 8.60 ± 0.08 3.98 4.60 ± 0.42 53.61 

Alkali 9.10 ± 0.11 4.47 4.63 ± 0.31 50.87 

Dry Roasted 

130°C/40 Kin 9.15 ± 0.11 4.45 4.70 ± 0.21 51.36 

130^60 Mill 8.62 ± 0.74 4.22 4.40 ± 0.08 51.04 

150^30 Kin 9.03 ± 0.04 4.43 4.60 ± 0.04 50.94 

150°C/50 Kin 8.90 ± 0.11 4.71 4.19 + 0.03 47.07 

Mississippi Purple Pea 

Control 9.27 ± 0.59 3.34 5.93 ± 0.06 63.96 

Germinated 9.91 ± 0.15 3.77 6.14 ± 0.16 61.95 

Alkali 9.70 ± 0.70 4.60 5.10 ± 0.07 52.58 

Dry Roasted 

103°C/40 Hin 9.24 ± 0.42 3.91 5.33 ± 0.07 57.6B 

130°C/60 Kin 8.63 ± 0.74 3.65 4.98 ± 0.03 57.08 

150°C/30 Hin 9.05 ± 0.63 4.47 4.58 ± 0.04 50.60 

150°C/50 Kin 8.53 ± 0.08 4.49 4.04 ± 0.03 47.36 

LS& 1.04 n.d° 0.35 n.d. 

cEach value is the mean of two determinations and is expressed on dry veight basis. 

^Least significant difference between means at the 5% level. 

cNot determined. 
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processing treatments. The decrease of almost 2% in lysine 

availability caused by germination nearly offset the advantage of 

greater total lysine being available by the same process. It should be 

noted that the controls and all treated flours except the one which was 

dry roasted at 150°C/50 min had greater lysine content than the FAO/WHO 

(1982) pattern which is 4.2 g per 16 g N. 

Trypsin irtiifritPE Analysis 

Values of trypsin inhibitor levels in cowpea flour controls and 

flours receiving various processing treatments are listed in Table 6. 

All treatments decreased the level of trypsin inhibitor. It is not 

surprising that dry roasting at 150°C/50 min was most effective, in 

view of the well established heat-labile nature of many trypsin 

inhibitors. The inactivation values of the Blackeyed pea variety 

samples ranged from 59.10-92.44%, but a considerably greater range of 

inactivation was displayed by the Mississippi Purple variety samples 

with values of 15.51-92.33%. Resistance to denaturation has been 

reported by Deshpande et al. (1984) for certain legume trypsin 

inhibitors. The values obtained in the present study are similar to 

those found by Ologhobo and Fetuga (1984). 

Thiobarbiturfc Acid ML 

After preparation# cowpea flour samples were stored at 4°C in 

the dark and at 27°C in the light. Samples for evaluation of lipid 

peroxidation were withdrawn from storage after five and ten months 



Table 6. Trypsin inhibitor in ccwpea flours? 
32 

Variety/Treatment Trypsin Inhibitor Inactivation 
(TlU/mg sanple) (%) 

Blackeyed Pea 

Control 25.01 ± 0.21a 

Germinated 10.23 ± 0.27 59.10 

Alkali 9.95 ± 0.30 60.22 

Dry Roasted 

130^40 min 6.28 ± 0.09 74.89 

130°C/60 min 2.49 ± 0.13 90.04 

150°c/30 min 5.02 ± 0.09 79.93 

150°C/50 min 1.89 ± 0.04 92.44 

Mississippi Purple Pea 

Control 24.56 ± 0.08 

Germinated 20.75 ± 0.10 15.51 

Alkali 12.43 ± 0.27 49.39 

Dry Roasted 

130*^0/40 min 6.27 ± 0.09 74.47 

130°C/60 min 2.38 ± 0.14 90.31 

lSO^SO min 5.17 ± 0.10 78.95 

150°C/50 min 1.89 ± 0.04 92.33 

LSDC 3.64 n.d.d 

aEach value is the mean of two determinations and is expressed 
on dry weight basis. 

kl-'ean + standard deviation. 

cLeast significant difference between neans at the 5% level. 
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under the first conditions and after 10 months under the second 

conditions. Data for TBA values are shown in Table 7. After five 

months storage at 4°C in the dark, the flours which were dry roasted at 

150°C for 30 or 50 min had the highest TBA values while the germinated 

flours had the lowest values. Germinated flours with a few exceptions 

exhibited the lowest values throughout storage. The values of TBA 

number in the control samples under these conditions were similar to 

those reported by Rhee and Watts (1966). In general, the TBA values of 

all flours in the present study were affected by storage and varied 

inversely with length of storage. 

Keller and Kinsella (1973) reported that cooking hamburger 

causes an increase in IBA number. Tarladgis et al. (1960) pointed 

out that malonaldehyde is a secondary product of lipid oxidation and 

that IBA number does not necessarily continue to increase throughout 

storage of muscle foods. TBA values declined during the frozen storage 

of cooked meat and fish products. The TBA number decreased during the 

storage of freeze dried meat. These decreases in TBA numbers are 

thought to be the result of malonaldehyde reactions with proteins 

(Gardner, 1979). 

Color Measurement CQVigea FlPUCS 

Billmeyer and Saltzman (1981) reported a value of Y = 98 for a 

perfect white object. Measurement of commercial wheat flour gave the 

following values: Y = 94.09, tb = 9.47 and -a = 3.34. 



Table 7. Effect of the storage on TBA values for cowpea flours3. 

Variety/Treatment 

TBA Values*3 

Storage Conditions 

Dark Dark Light 
5/4°C 10/4°C 10/27°C 
Months Months Months 

Blackeyed Pea 

Control 1.27 ± 0.01° 0.44 + 0.01 0.15 ± 0.01 

Germinated 0.80 ± 0.09 0.26 ± 0.01 0.18 ± 0.01 

Alkali 0.90 ± 0.01 0.92 + 0.06 0.14 ± 0.00 

Dry Roasted 

130°C/40 min 0.81 + 0.00 0.20 + 0.01 0.08 ± 0.00 

130°C/60 min 0.90 + 0.00 0.30 ± 0.02 0.07 + 0.00 

150°C/30 min 1.32 + 0.01 0.32 + 0.01 0.14 ± 0.01 

150°C/50 min 1.71 ± 0.10 0.64 + 0.01 0.17 ±0.00 

Mississippi Purple Pea 

Control 1.52 + 0.04 0.92 ± 0.01 0.11 + 0.01 

Germinated 0.36 + 0.00 0.20 ± 0.00 0.10 ± 0.00 

Alkali 0.56 + 0.01 0.58 + 0.02 0.15 ± 0.00 

Dry Roasted 

130°C/40 min 0.95 + 0.05 0.30 + 0.00 0.08 ± 0.00 

130°C/60 min 0.52 + 0.08 0.32 ± 0.01 0.06 ± 0.00 

150°C/30 min 1.62 ± 0.04 0.27 + 0.01 0.17 ± 0.09 

150°C/50 min 1.78 + 0.07 0.34 + 0.00 0.24 ± 0.02 

aEach value is the mean of two determinations and is expressed on 
dry weight basis. 

k"rhiobarbituric acid number, expressed as mg malonaldehyde per 1,000 g 
of sample. 

cMean + standard deviation. 
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Color differences among cowpea flours were determined by CIE 

coordinates and transformed to Hunter values. Values for intensity of 

whiteness were calculated and ranged from 74.9 - 35.1. All color 

values are listed in Tables 8 and 9erminated flours had higher values 

of whiteness than alkali treated flours, but no color differences 

resulted from storage under different conditions. This means that the 

color of cowpea flours did not change when the flours were exposed to 

light and stored at room temperature. The values of +b ranged from 

12.8 to 6.1 r and the values for -a for the flours in this study ranged 

from 6.6 to -0.4. 

Color Measurement <q£ Cwki.es Made from CCWpea Flours. 

The color date listed in Tables 10 and 11 for Blackeyed pea and 

Mississippi Purple pea cookies show that significant differences 

existed in lightness values between the control cookie and the cowpea 

cookie. Cookies made with the germinated cowpea flour or raw flour 

were significantly lighter than heat treated flour cookies. Cookies 

made with alkali treated flour were significantly darker than the dry 

roasted flour cookies. 

Sensory Evaluation of Food Products 

The data reported in Table 12 indicated that all cookies had 

the same acceptability as the control. About 65% of the panelists 

reported a peanut butter flavor in the germinated cowpea flour cookies 



Table 8. Color differences in Hunter and CIE Coordinates of cowpea flours stored 
in darkness at 5°C for 10 months3. 

Hunter CIE 

Legume/Treatment Whiteness Lab Y x y 

Blackeyed Pea 

Control 49.08 86.05 - 3.04 8.09 74.08 0.32 0.34 

Germinated 59.86 81.73 - 6.06 6.01 66.08 0.31 0.33 

Alkali - 3.86 59.09 + 6.06 12.03 35.09 0.34 0.33 

Dry Roasted 

130°C/40 min 47.32 84.02 - 0.01 8.01 71.01 0.33 0.34 

130°C/60 min 42.33 83.00 - 0.08 8.08 68.08 0.33 0.34 

150°t/30 min 46.03 84.07 - 0.04 8.02 71.08 0.33 0.33 

150°C/50 min 41.85 82.05 - 0.08 8.08 68.01 0.34 0.34 



Table 8—Continued 

Hunter CIE 

Legume/Treatment Whiteness Lab Y x y 

Mississippi Purple Pea 

Control 48.58 81.04 - 4.04 8.03 66.03 0.32 0.33 

Germinated 50.36 81.73 - 6.09 6.03 66.08 0.33 0.34 

Alkali - 9.00 59.05 + .09 12.08 35.04 0.34 0.34 

Dry Roasted 

130°C 40 min 41.02 81.06 - .08 9.04 66.06 0.34 0.33 

130°C 60 min 36.75 80.02 - 1.00 9.05 64.03 0.33 0.33 

150°C 30 min 40.10 81.07 - .09 9.04 66.07 0.33 0.34 

150°C 50 min 35.80 78.08 - 1.01 9.05 62.07 0.35 0.34 

a Each value is the mean of two determinations and is expressed on 
dry weight basis. 



Table 9. Color differences in Hunter and CIE coordinates of cowpea flours stored 
at 27°C for 10 months while exposed to light3. 

Hunter CIE 

Legume/Treatment Whiteness Lab Y x y 

Blackeyed Pea 

Control 47.51 86.05 - 4.07 9. ,07 74.09 0.32 0. .33 

Germinated 52.59 82.00 - 6.06 6. .05 67.03 0.32 0, .32 

Alkali - 3.30 59.03 + 6.03 12. .06 35.02 0.24 0. .34 

Dry Roasted 

130°C/40 min 37.12 83.09 - .04 8.03 70.05 0.32 0.33 

130^C/60 min 31.59 81.09 - .09 8.09 67.02 0.33 0.33 

150°C/30 min 32.25 83.08 

in o
 • 8.04 70.03 0.32 0.34 

150°C/50 min 82.53 80.02 - 1.00 8.09 64.05 0.33 0.34 



Table 9—Continued 

Hunter CIE 

Legume/Treatment Whiteness L a b Y X y 

Mississippi Purple Pea 

Control 48.53 81.08 - 4.07 8. ,09 66, .09 0.34 0. ,32 

Germinated 54.16 81.02 - 6.01 6. >04 65, .08 0.34 0. ,32 

Alkali - 8.00 59.04 + 1.00 13. ,08 35, .01 0.29 0. ,30 

Dry Boasted 

130°t/40 min 40.80 80.05 - 1.02 9. ,08 64, .08 0.33 0. .32 

130°C/60 min 33.20 79.02 - 1.03 9. .09 62, .07 0.32 0. .34 

150°C/30 min 40.60 79.04 - 1.02 9. >08 63, .01 0.33 0, .33 

150°C/50 min 35.96 78.00 - 1.03 10. .00 60, .09 0.33 0. .34 

aEach value is the mean of two determinations and is expressed 
on dry weight basis. 



Table 10. Hunter color values of Blackeyed pea cookies9''5 

Color Values 

Cookie Treatment L - ax *1 

Lightness Greenness Yellowness 

Control (100% Wheat Flour) 89.03 ± 0.03 -15.83 ± 0.04 20.91 ± 0.23 

Blackeyed Pea 

Raw 78.50 + 1.42 -30.10 ± 1.41 27.92 ± 0.13 

Germinated 79.60 + 1.70 -33.27 + 1.09 33.81 ± 0.14 

Alkali 67.18 ± 1.44 -33.30 ± 1.57 25.03 ± 0.03 

Dry Roasted 

130°C/40 min 74.40 ± 0.85 -27.70 ±0.57 22.96 ± 0.59 

130°C/60 min 72.60 ± 1.98 -29.21 ± 0.28 21.92 ± 0.10 

150°C/30 min 75.37 ± 1.42 -39.71 ±0.51 23.25 ± 0.28 

150°C/50 min 76.70 ± 1.41 -27.26 ± 0.14 34.i5 ± 0.12 

L£Dd 3.22 2.05 0.59 

aLevel of cowpea flour substitution was 30ft. 

bEach value is the mean of two determinations and is expressed on dry 
weight basis. 

^ean + standard deviation 

dLeast significant difference between means at the 5% level. 
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Table 11. Hunter color values of Mississippi Purple pea cookies3'*1. 

Color Values 

Cookie Treatment L ~ al bl 

Lightness Greenness Yellowness 

Control 
{100% Wheat Flour) 

89.03 + 0.03a -15.83 ± 0.04 20.91 + 0.23 

Mississippi Purple Pea 

Paw 77.64 + 0.45 16.00 ± 0.92 29.75 ± 0.47 

Germinated 77.64 + 0.19 10.04 ± 0.07 25.65 + 0.45 

Alkali 59.82 ± 0.08 2.56 ± 0.08 27.48 ± 0.24 

Dry Roasted 

130°C/40 min 72.22 ± 0.46 23.89 ± 0.96 24.36 ± 0.78 

130°C/60 min 69.90 ± 0.51 26.84 ± 0.51 21.54 ± 0.14 

150°C/30 min 74.47 ± 0.18 30.18 + 0.89 23.51 ± 0.57 

150°C/50 min 72.20 ± 0.64 34.02 + 0.02 22.91 ± 0.62 

LSD^ 0.87 1.37 1.11 

aLevel of cowpea flour substitutions vas 30%. 

^Each value is the mean of two deterrdnations and is expressed on dry weight basis, 

^ean + standard deviation. 

^Least significant difference between r.eans at the 5% level. 



Table 12. Sensory evaluation scores for Blackeyed pea flour cookiesa'b. 

Cookie Flavor Mouthfeel Texture Color 

Control 
(100% Wheat Flour) 

7.78 + 0.74 8.20 + 0.90 8.53 + 0.51 6.87 + 1.32 

Blackeyed Pea 

Raw 6.31 ± 1.10 5.60 ± 1.73 7.13 + 0.51 6.62 + 1.37 

Germinated 6.94 ± 0.64 7.48 ± 1.27 7.18 ± 1.01 6.83 + 1.40 

Alkali 6.31 ± 0.87 5.60 ± 1.34 6.40 ± 1.43 6.78 ± 1.40 

Dry Roasted 

130°C/40 min 7.60 ± 0.50 7.20 ± 1.13 7.86 ± 0.81 6.83 ± 1.30 

130°C/60 min 6.60 + 1.41 6.32 ± 0.88 6.98 ± 0.63 6.70 + 1.52 

150^/30 min 6.91 ± 2.09 7.30 ± 1.22 7.50 ± 0.85 6.40 ± 1.23 

150°C/50 min 6.51 + 1.47 6.03 ± 1.55 6.40 ± 1.03 6.75 + 1.45 

LSD 1.41 2.91 2.41 1,80 

aEach value is the mean of two determinations and is expressed on dry weight basis. 

''Mean - standard deviation, 
c 
Significance of differences between means at the 52 level. 



Table 13. Sensory evaluation scores for 30% Mississippi Purple flour 
cookies. 

Cookie Flavor Mouthfeel Texture Color 

Control 7.65 + 1.11 7.26 + 0.81 6.83 ± 1.55 7.60 ± 0.97 

Mississippi Purple 

Raw 7.14 ± 1.21 6.32 ± 0.93 6.82 ± 1.46 6.94 ± 1.20 

Germinated 7.30 ± 0.71 6.18 ± 1.92 6.78 ± 1.51 6.95 + 1.02 

Alkali 6.82 ± 1.72 6.02 ± 1.26 6.57 ± 1.44 3.48 ± 0.51 

Dry Roasted 

130°C/40 min 7.25 + 0.86 7.47 ± 0.96 6.03 ± 1.63 6.95 ± 1.02 

130^0/60 min 7.30 ± 0.92 6.32 ± 1.14 6.21 ± 1.83 6.93 ± 1.12 

150^/30 min 7.46 + 0.95 6.26 ± 1.29 6.42 ± 1.80 6.51 ± 1.34 

150°C/50 min 7.21 ± 1.03 6.34 ± 1.19 6.22 ± 1.97 5.57 + 1.59 

LSD 1.16 1.05 0.58 0.90 

aEach value is the man of two determinations and is expressed on dry weight basis. 

Mean - standard deviation. 

Significance of differences between means at the 5% level. 
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while 50% of the panelists found a nutty flavor in the cookies made 

with the dry roasted flour cookies. 

The data reported in Table 13 show that the alkali treated 

cookies had the least acceptable color, but the flavor, mouthfeel and 

texture acceptability were the same. All cookies showed a score 

greater than 5.0 (acceptability mean is 5.0) except those made from 

alkali treated Mississippi Purple Pea. 

Conclusions 

1. Cowpea flours prepared by germination, alkali treatment or 

dry roasting were unchanged with respect to protein and 

fat content. Dry roasting at 130°C/40 min or 150°C/50 min 

decreased available lysine by 5.54% for California 

Blackeyed Pea (CBP) and 16.60 for Mississippi Purple Pea 

(MFP). 

2. Alkali treatment, germination and dry roasting affected 

trypsin inhibitor activity as follows: 

a) Germination decreased trypsin inhibitor by 

59.10% in CBP but only 15.5% in MPP. 

b) Dry roasting at 150°C/50 min reduced this 

factor by 74.89% in CBP and 92.44% in MPP. 

c) Alkali treatment caused reductions of 

60.22% and 49.39%, respectively. 



3. TOA values for all treatments decreased with storage time. 

4. Germinated flours were shown to have higher values of 

whiteness while alkali flours had lower values. The color 

of the flours did not change when they were exposed to 

room temperatures and light. 

Cookies made with alkali treated cowpea flours were 

significantly darker than the dry roasted cookies. 

5. No significant differences were found between 30% cowpea 

fortified cookies and the control cookies. However, 

germination and dry roasting introduced an acceptable 

peanut butter flavor and a nutty flavor, respectively. 



APPENDIX A 

FINAL DILtJTION VOLUMES OF BEAN EXTRACTS ASSAYHE 

FOR TRYPSIN INHIBITOR ACTIVITY 
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APPENDIX A. Final dilution volumes of bean extracts assayed for trypsin 
inhibitor activity. 

Reaction Vessel 

Samples 12 3 4 5 

Germinated1 
Dry Roasted 150°C/30 min 

Extract (rriL) 

DD H20 (inL) 

Dry Roasted 130°C/60 min^ 
150°C/50 mill 

Extract (mL) 

DD H20 (mL) 

Dry Roasted 130°C/40 mill3 

Extract (inL) 

DD H20 (rriL) 

Raw/Alkali^ 

Extract (mL) 

DD H20 (irtL) 

0.0 

2.0 

0.0 

2.0 

0.0 

2.0 

0.0 

2.0 

0.6 

1.4 

0.4 

1.6 

0.2 

1.8 

0.5 

1.5 

1.0 

1.0 

0.6 

1.4 

0.4 

1.6 

1.0 

1.0 

1.4 

0.6 

0.8 

1.2 

0.6 

1.4 

1.5 

0.5 

1.8 

0.2  

1.0 

1.0 

0.8 

1.2 

2.0 

0.0 

^Germinated/dry roasted 150^/30 dilution = 5 ml/50 ml. 

2Dry roasted 130°C/60 miV<3*y roasted 150°C/50 min dilution = 5 ml/50 ml. 

%ry roasted 130°C/40 min dilution = 5 ml/50 ml. 

^Raw/Alkali dilution = 5 ml/25 to 7 ml/50 ml. 



APPEM3IX B 

B & L TRICHROMATIC COEFFICIENT COMPUTING 

FOR ILLUMINANT C 
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APPENDIX C 

COOKIE ACCEPTABILITY EVALUATION 
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