
Soft wheat pasta supplemented with cowpea:
Nutritional, sensory and cooking quality studies

Item Type text; Thesis-Reproduction (electronic)

Authors Bergman, Christine Joy, 1960-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 13:59:39

Link to Item http://hdl.handle.net/10150/291602

http://hdl.handle.net/10150/291602


INFORMATION TO USERS 

The most advanced technology has been used to photograph and 

reproduce this manuscript from the microfilm master. UMI films the 

text directly from the original or copy submitted. Thus, some thesis and 

dissertation copies are in typewriter face, while others may be from any 

type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedthrough, substandard margins, 
and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 

xerographically in this copy. Higher quality 6" x 9" black and white 
photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly 
to order. 

University Microfilms International 
A Bell & Howell Information Company 

300 North Zeeb Road. Ann Arbor. Ml 48106-1346 USA 
313/761-4700 800/521-0600 





Order Number 1342952 

Soft wheat pasta supplemented with cowpea: Nutritional, 
sensory and cooking quality studies 

Bergman, Christine Joy, M.S. 

The University of Arizona, 1990 

U  M I  
300 N. Zeeb Rd. 
Ann Arbor, MI 48106 





SOFT WHEAT PASTA SUPPLEMENTED WITH COWPEA: 

NUTRITIONAL, SENSORY AND COOKING QUALITY STUDIES 

by 

Christine Joy Bergman 

A Thesis Submitted to the Faculty of the 

DEPARTMENT OF NUTRITION AND FOOD SCIENCE 

In Partial Fulfillment of the Requirements 
For the Degree of 

MASTER OF SCIENCE 

WITH A MAJOR IN FOOD SCIENCE 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9 9 0  



STATEMENT BY AUTHOR 

2 

This thesis has been submitted in partial fulfillment of requirements for an advanced 
degree at The University of Arizona and is deposited in the University Library to be made 
available to borrowers under rules of the Library. 

Brief quotations from this thesis are allowable without special permission, provided 
that accurate acknowledgement of source is made. Requests for permission for extended 
quotation from or reproduction of this manuscript in whole or in part may be granted by 
the head of the major department or the Dean of the Graduate College when in his or her 
judgement the proposed use of the material is in the interests of scholarship. In all other 
instances, however, permission must be obtained from the author. 

SIGNED: 

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below: 

C)C)«a IW IffH 
C. W. Weber 

Professor of Nutrition and Food Science 
Date 



ACKNOWLEDGMENTS 

3 

The author wishes to express her appreciation to the following: 

Dr. Charles W. Weber, advisor, for his advice and support throughout the pursuit 

of this degree. 

Dr. James W. Berry, Dr. Ann M. Tinsley, and Dr. Franklin D. Rollins for being 

examples of hardworking professionals yet kind, helpful people. 

Dr. Ralph L. Price for sharing his ability to simplify difficult concepts and for 

supporting students as Food Science Club faculty advisor. 

NFS students and faculty in the FCR building, for their friendship and advice. 

Susana Yensen and Cheryl Kroening for willingly sharing their analytical skills. 

Daisy Gualberto for her help and encouragement throughout this study. 

The Bergman family for their support, love, and wise words of counsel. 



4 

TABLE OF CONTENTS 

LIST OF TABLES 6 

ABSTRACT 7 

INTRODUCTION 8 

LITERATURE REVIEW 10 

Cowpea 10 
Pasta 13 
Supplemented Pasta 17 

MATERIALS AND METHODS 2.1 

Cowpea Flour Production 21 
Pasta Processing 22 
Proximate Analysis 24 
Acid Deteigent Fiber 24 
Available Lysine 25 
Amino Acid Determination 26 
Chemical Score 27 
In Vitro Protein Digestibility 27 
Trypsin Inhibitor Activity 28 
Cooking Quality 30 
Sensoiy Evaluation 31 
Statistical Analysis 32 

RESULTS AND DISCUSSION 33 

Cowpea Flour Production 33 
Proximate Composition of Raw Materials 34 
Acid Detergent Fiber Content 34 
Proximate Composition of Pasta 36 
Total and Available Lysine 38 
Protein Quality 41 
Trypsin Inhibitor Activity 48 
Pasta Color 51 
Sensoiy Evaluation 51 
Optimum Cooking Time 54 
Cooked Weight 55 



5 

TABLE OF CONTENTS (Cont.) 

Cooking Loss 57 
Conclusions 59 

APPENDIX A 61 

REFERENCES 62 



LIST OF TABLES 

6 

1. Solids and water used to produce pasta at 32% moisture. 23 

2. Drying conditions. 23 

3. Trypsin inhibitor dilution scheme. 29 

4. Proximate composition of raw material 35 

5. Proximate composition and energy content of pasta 38 

6. Total and available lysine content of raw material and cooked pasta 40 

7. Essential amino acid content of cooked pasta 42 

8. Pasta chemical scores for adults and children 44 

9. Protein content and digestibility of raw material and pasta (cooked and 

uncooked) 47 

10. Effect of cooking on trypsin inhibitor activity 50 

11. Pasta color, acceptability, and optimum cooking time 55 

12. Characteristics of pasta cooked for 10 and 20 minutes 58 



ABSTRACT 
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Pasta was produced from soft wheat supplemented with cowpea. Acid detergent fiber 

values increased from 0.4% in the soft wheat pasta (SWP) to 1.1% in the 30% cowpea pasta 

(CP). Cowpea supplementation provided an increase in total and available lysine from 42 

to 113% and 39 to 117%, respectively. Chemical scores for preschool children increased 

from 56 in the SWP to 89 in the 30% CP. For school children the 20% CP provided a score 

of 102. The in vitro protein digestibility (IVPD) of cowpea was lower than that of soft 

wheat; as a result cowpea reduced the IVPD of SWP from 84% to a value of 78% for the 

30% CP. The protein content of SWP was 10.9% while the CP ranged from 11.3 to 14.2%. 

Considering IVPD values, SWP contained 9.2% digestible protein and CP from 9.2 to 11.1%. 

After cooking, only the 30% CP displayed trypsin inhibitor activity. 

Upon visual examination, cowpea improved the color of SP making it comparable 

to the durum semolina control (DSC) but lacking its translucency. A sensory panel reported 

no difference in acceptability among treatments. When compared to the DSC, soft wheat 

pasta displayed a reduction in cooking time which was increased by 20 and 30% cowpea 

addition. Cooked weights were similar to the SWP, except with 30% replacement when a 

decrease was observed. CP, after 10 minutes of cooking demonstrated reduced loss as 

supplementation was increased. After 20 minutes all treatments had similar cooking loss 

compared to the SP. All treatments displayed cooking quality results significantly different 

from the DSC. 
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INTRODUCTION 

As a wheat derived staple food, pasta is second only to bread in world consumption 

(Mariani-Constantini, 1988). Its nearly world wide acceptance is attributed to its low cost, 

ease of preparation, versatility, sensory attributes and long shelf life (Riley, 1987 and 

Pagani, 1986). These factors must have been what caused Helmut Maucher chief executive 

of Nestle, the worlds largest food company, to suggest that the future for feeding the 

developing world lies in pasta (Alpert and Smith, 1989). 

This appears unrealistic when one considers that the majority of countries that need 

to increase their food supply are also those that import the most wheat. Additionally, durum 

wheat, the primary ingredient in most pasta contributes only five percent of the world 

wheat production and therefore trades at a higher price than common wheat (Dick and 

Matsuo, 1988). Insufficient protein quality is another factor that would prevent pasta from 

reaching the expectations Maucher has for it. Perhaps he is only partially right, maybe with 

a commodity change pasta could play an important role in increasing the developing worlds 

food supply. 

Soft wheat, which traditionally costs less than durum or hard common wheat is used 

in the manufacture of noodles but produces pasta with inferior cooking quality compared 

to semolina pasta. High temperature pasta drying could perhaps overcome this problem as 

it has been shown to improve the quality of pasta produced from semolina-farina blends 

(Wyland and D'Appolonia, 1982). A greater quantity of protein of superior quality can occur 
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by supplementing soft wheat with a complementary protein source, however the cost and 

sensory attributes of the added product must be considered. A commodity that may fulfill 

these requirements is the legume Vigna unguiculata (L.) Walp, better known as cowpea or 

blackeyed pea. 

Recent improvements in cowpea genetics have resulted in greater production within 

traditional growing regions in the tropics and has brought about its introduction to 

previously unsuitable regions (Rachie, 1985). Currently, it is an important source of protein 

in developing areas such as Northeast Brazil and West Africa where processed foods are 

needed to increase the total market for cowpea and to overcome the constraints of storage 

loss and laborious methods used in the production of traditional foods. 

The objectives of this study are to develop pasta from soft wheat and cowpea and 

to evaluate its nutritional, sensory and cooking quality. 
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LITERATURE REVIEW 

Cowpea 

Cowpea (Viena uneuiculata (L.) Walp.), sometimes called southern pea and 

blackeyed pea, is a leguminous crop thought to have had its origin of cultivation in Ethiopia 

(Baldev, 1988). It prefers the warm moist climates of the tropics or subtropics but is 

considered to be one of the legumes most resistant to drought conditions and high 

temperatures (Skerman, 1988). 

Production and Consumption 

The United States is the only industrialized country that produces cowpea on a large 

scale. Developing areas such as West Africa, Northeast Brazil and India are its major 

producers. Research efforts sponsored by the Bean/Cowpea Collaborative Research Support 

Program have resulted in greater yields within these areas and have also stimulated its 

production in regions such as Southeast Asia. With these scientific advances and increasing 

worldwide interest in cowpea, production could triple by the turn of the century (Rachie, 

1985). 

Generally consumed as a dry seed, cowpea is also eaten as green seeds, pods, and 

leaves. The dry seed is available in an extensive array of colors; red, yellow, black, brown, 

puiple, and blackeye-white. It is widely consumed in soups, stews and casseroles. 

Additionally West Africans use cowpea as a paste in fried and stemmed dishes (Dovlo et al., 
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1976). Commercially produced cowpea flour is available in West Africa, however in many 

homes the laborious process of seed coat removal and grinding is still performed (McWatters 

and Chhinnan, 1985). 

Attempts to diversify the use of cowpea have included its incorporation into biscuits 

(McWatters, 1980), cookies (Mustafa et al., 1986 and Ochoa, 1987), doughnuts (McWatters, 

1982), chocolate pudding, frozen dessert (Sales, 1980), wheat bread (Mustafa et al.; Sales, 

1980 and Okaka, 1977) and ground beef patties (McWatters, 1977). Of these cookies and 

chocolate pudding proved to be the most acceptable products. 

Biochemical Composition 

Proximate analysis has shown cowpea crude protein to range from 23 to 30%, crude 

fat from 1.6 to 2.1% and carbohydrate from 56 to 68% (Bliss, 1973). The crude fiber 

content has been reported to be from 1.7 to 3.9% (Longe,1980). 

As is true for other legumes, cowpea protein is deficient in the sulfer containing 

amino acids methionine and cystine. However, its abundant supply of lysine makes it an 

appropriate food to combine with cereal grains which are good sources of the sulfur 

containing amino acids but are low in lysine. Raw cowpea has demonstrated a corrected 

PER of 1.44. Extrusion cooking (30% moisture, 150°C) improved this to 1.97 (Phillips and 

Baker, 1987). 

The calcium content of cowpea is considered low but this legume does contain 

sufficient phosphorus and iron to be called a good source for these minerals (Ologhobo and 

Fetuga, 1982; Haytowitz et al., 1981). Cowpeas are also reported to be a good source of the 

water-soluble vitamins folacin, niacin, riboflavin and thiamin (Haytowitz et al., 1981). 
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Like most legumes cowpeas contain a variety of antinutritional factors: oligosaccha

rides, trypsin inhibitors, lectins (hemagglutinins), tannins (polyphenols) and phytic acid. If 

these are not removed or their activity reduced adverse physiological responses may result. 

Cowpea has levels of oligosaccharides that are comparable to other legumes (Sosulski et al., 

1982). The lectin content in cowpea has been reported to be low, however they have been 

shown to have large amounts of tannins and moderate levels of trypsin inhibitor (Elkowicz 

and Sosulski, 1982; Laurena et al., 1987; Grant et al., 1983). 

Various processes have been studied with the hope of reducing cowpea antinutritio

nal factors. For example, dehulling has been shown to decrease stachyose and raffinose, the 

primary flatulent oligosaccharides in cowpea by 29% while cooking in water for 45 minutes 

reduced the same sugars by 27% (Onigbinde and Akinyele, 1983). Trypsin inhibitor activity 

and lectin content can be completely eliminated by cooking cowpea in a pressure cooker for 

15 minutes (Khan et al., 1979). Located primarily in the seed coat tannins in cowpea can 

be removed by decortication and reduced by cooking (Ekpenyong, 1985; Ogun et al., 1989). 

After soaking and boiling cowpeas, a 50% reduction in phytic acid has been reported (Khan 

et al.,1979). However, others have reported no decrease in phytic acid after dehulling, cold-

soaking for 12 hours, hot-soaking for 1 hour or boiling for 75 minutes (Ogun et al., 1989). 
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Pasta is a word generally used to refer to extruded unleavened dough products such 

as spaghetti or macaroni. Noodles, which are made by pressing and cutting unleavened 

dough are sometimes included in this definition. The former description will be used in this 

thesis. The development of pasta products is said to have occurred either in the Far East or 

near the Mediterranean. Pasta's role as an inexpensive, available food was established 

during the 17th century. During this time in southern Italy several factors led to the 

commercial production of pasta. First was the invention of processing equipment, second 

was the increased cultivation of durum wheat (Triticum durum"), the traditional primary 

ingredient in pasta. The final factor involved in the commercialization of pasta was an 

economic recession which drastically reduced families purchasing power. 

Pasta Consumption 

Pasta is well received throughout the world. In recent years pasta consumption has 

been increasing due to greater production and export of durum wheat, improved transfer 

of production technology, more affordable equipment and as a result of increased consumer 

awareness of its possible role in a prudent diet (Mariani-Costantinti, 1988). A few examples 

of pasta consumption are as follows: (kg/year/person) Italy - 25, Tunisia -12, Chile - 8, 

Somalia - 5, Brazil - 4, Turkey - 4, Mexico - 3.6, and Egypt - 1.2. This world wide 

acceptance appears to be related to its low cost, ease of preparation, versatility, sensory 

attributes, and long shelf life (Riley, 1987; Pagani,1986). 
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Durum Wheat 

Durum wheat has been favored over common wheat (Triticum aestivuml as the raw 

material for pasta production due to its ability to produce what is considered high quality 

pasta. That is, a product which is translucent, bright yellow, not sticky, firm to the bite, free 

from cracks and checks, maintains its integrity and has little loss of solids during cooking 

(Dick and Matsuo, 1988). The characteristics that give durum these attributes are: (1) 

extreme grain hardness, (2) high protein, (3) ash, and (4) carotenoid content as well as (5) 

low activity of lipoxygenase and polyphenoloxidase (Feillet, 1988; Bahasik, 1981). 

The average annual production of durum wheat between 1975 and 1984 was just 

5.1% that of common wheat with most of this production taking place in North America 

and the Mediterranean Basin. The use of durum wheat in pasta is thus limited due to its low 

production and relatively high price (Dick and Matsuo, 1988). Consequently use of less 

expensive imported or indigenous wheats are often used alone or in combination with 

durum wheat in pasta production. The wide spectrum of pasta quality available throughout 

the world becomes evident when one considers that in Italy only excellent pasta is sold 

because the law dictates the use of durum wheat exclusively. On the other hand, Brazilians 

are familiar with nondurum pasta which easily becomes mushy and tends to break apart 

during cooking (Baroni, 1988; Irvine, 1971; Day, 1974). 

Pasta Processing 

The specifics of pasta production varies throughout the world but typically it consists 

of three operations: mixing, extruding and drying. 
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Optimal pasta quality has been achieved when pasta dough is mixed until stiff at a 

water absorption level of 30 - 32% (Walsh et aL, 1971). Commercially a vacuum is applied 

to the dough just prior to extrusion or the mixer is placed within a vacuum chamber. If the 

dough is extruded with air bubbles pasta strength can be reduced, chalky white spots may 

appear and pigment oxidation may create a pale product (Banasik, 1981). 

Conventional pasta is processed in extruders with a single, stainless steel screw that 

has a uniform pitch and deep-flights to minimize shearing action (Harper, 1981). An 

increase in barrel temperature due to friction is held to no more than 50°C by a cool water 

barrel jacket. Greater temperatures than this will result in pasta of inferior quality (Harper, 

1981). Pasta is extruded into many different shapes and sizes and is generally categorized 

into two groups, long and short goods (Hahn, 1990). For example: 

Long goods - capellini, fettucini, lasagna, linguini. 

Short goods - ditali, elbow macaroni, manicotti, shells. 

Drying, which takes pasta from approximately 31% moisture to 10 - 12% after 

drying, is considered to be the most critical and difficult step in pasta production. The 

process goal is to make a product that is not susceptible to microbial or enzymatic action 

and to avoid an increasing moisture gradient from the outside to the inside of the pasta thus 

preventing cracking and checking (Hahn, 1990; Banasik, 1981). A typical drying cycle 

consists of four stages: case hardening, pre-diying, final drying, and cooling. The specific 

relative humidity, temperature, air velocity and time used for each stage are based on a 

product's ingredients, characteristic size, shape and moisture content. Long goods 

traditionally have been exposed to a gradual reduction in relative humidity from 95% and 

to temperatures from 43 to 65°C for 20 to 24 hours. Generally 4 to 6 hours of exposure to 
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air at 50 to 65°C at a relative humidity from 68 to 95% is needed for short goods (Hahn, 

1990). 

High temperature (HT) drying has received limited research attention yet it is widely 

used in industry. Similar stages compared to conventional drying methods are used along 

with temperatures above 70°C (Dick and Matsuo, 1988). The suggested benefits of HT 

drying include a reduction in bacterial counts, drying time, labor and maintenance 

requirements thus pasta production costs are reduced (Hahn, 1990). In addition, several 

authors claim improvements in firmness, color intensity, and cooking characteristics when 

low quality durum wheat or nondurum materials are used (Wyland, 1982; Dexter, 1981). 

However, some believe there is insufficient evidence from industry to be able to make such 

claims confidently (Cubadda, 1986). 

Biochemical Composition 

Without enrichment pasta has nutrient concentrations very similar to the semolina 

it is prepared from. The only difference reported has been an increase in the reducing sugar 

content (Lintas and D'Appolonia, 1973). Pasta is said to be primarily a source of kilocalories 

(4.0/g) and protein (11.5%) as the density of most other nutrients is not significant 

(Pennington and Church, 1985). Selenium at 85 - 90 /ig per 100 grams is the exception to 

this. To obtain a selenium intake in the range recommended by the Food and Nutrition 

Board of the National Research Council a 2 oz (57 g) serving of dry pasta would need to 

be consumed (Papotto and Zom, 1986). Although considered to be a source of protein, as 

a wheat based food, unenriched pasta is deficient in lysine and its protein quality PER of 

0.75 is poor (Molina, 1982). Making matters worse the lysine present becomes less available 
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as a function of diying time and temperature. However, Dexter et aL, 1984 suggest that 

available lysine loss can be minimized without decreasing cooking quality by shortening the 

length of HT exposure. 

Possessing low nutrient density is of little significance in western countries but in 

developing areas consuming pasta as a staple could add to a populations already compro

mised nutritional status. However, it is in developed countries that pasta enrichment takes 

place. For example, in the United States pasta standards of identity delineated in Part 139 

of the Code of Federal Regulations include standards for vitamin and mineral enrichment 

(mg/lb.: thiamin 4-5, riboflavin 1.7-2.2, niacin 27-34, iron 13-16.5) and fortification with 

high protein additives (13% moisture basis, 20% protein minimum, N x 6.25, PER = 95% 

that of casein) (CFR, 1986). 

Supplemented Pasta 

In 1969, General Foods Corporation patented " golden elbow macaroni." The work 

to develop and test this pasta (30% defatted soy flour, 30% wheat flour, 40% corn flour) 

was supported by a grant from the U.S. Agency for International Development. The product 

was reported to have received a positive reception in a school feeding program conducted 

in Campinas, Brazil (Clausi, 1971). 

Extensive work at the Institute of Nutrition of Central America and Panama in 

Guatemala was carried out on pasta produced from composite flours. The best results were 

found with two mixtures: 60% wheat and 40% corn (PER 1.52) and 32% wheat, 60% corn 

and 8% defatted soy flour (PER 1.95). Improved physicochemical properties observed after 
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heat treating the corn (121°C and 15 psi for 30 min.) were said to be related to the partial 

starch gelatinization that occurred prior to extrusion (Molina, 1975; 1976). 

Harber et al., 1978 evaluated the functional properties of several high-protein 

ingredients in pasta made from durum semolina (DS), hard red spring (HRS), and soft red 

winter (SRW) farina. All quality studies showed that DS supplemented with soybean meal 

and cottonseed meal made pasta of higher quality than HRS or SRW farina. An increase in 

HRS and SRW pasta firmness was found when soybean or cottonseed meal were added. 

Supplementing SRW farina with soybean meal produced color scores as good or better than 

the SRW control. However the use of cottonseed meal decreased the color when combined 

with SRW farina (Haber, 1978). 

The cooking quality of DS supplemented with soybean flour and debittered lupin 

flour was found to be acceptable when 2% soybean or 6% lupin flour was added. The 

soybean flour imparted a grey color and soft texture whereas the lupin flour provided an 

amber color and a slightly chewy texture. The authors suggested that the addition of lupin 

flour to improve the color of pasta in developing countries would reduce the need to add 

eggs or artificial colors (Morad, 1980). 

In an attempt to reduce the cost and improve protein quality Nielsen et al., 1980 

used 20% field pea protein concentrate or 33% field pea flour to fortify pasta made from 

HRS flour. Considering color and cooked texture, addition of the concentrate produced the 

best pasta. Precooking the pea products was required to produce pasta with flavor similar 

to the HRS control but this also resulted in the greatest cooking loss. In general, texture was 

improved by fortification with field pea (Nielsen et al., 1980). 

Bahnassey, et al., 1987 (I & II) evaluated the physicochemical, nutritional, and 
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quality parameters of durum semolina pasta supplemented with roasted and nonroasted 

navy bean, pinto bean and lentil flours and their protein concentrates. Roasting reduced the 

trypsin inhibitor and hemagglutinin activity in pasta made from all three legumes. The 

essential amino acid balance of the semolina was improved with the addition of the legumes 

and conventional drying had no effect on their content. Sensory evaluation indicated a 

preference for pasta containing navy bean flour, legume flour over concentrates, heat 

treated versus nonheat treated legume additives and no more than 10% substitution. Cooked 

weight decreased and cooking loss increased as the amount of each legume product was 

increased. The longer the cooking time the greater the cooked weight. Legume type also had 

an affect on cooked weight; navy bean resulted in the largest increase in weight then pinto 

bean and lentil had the least. Additionally, higher cooked weights were recorded for pasta 

with heat treated legume versus raw legume products and for legume flours compared to 

concentrates. Cooking loss was higher in pasta with legume protein concentrate as 

compared to legume flours, roasted versus nonroasted legume products and lentil blends 

over navy bean and pinto bean. Longer cooking time and roasted samples resulted in lower 

firmness scores. Higher firmness values were exhibited by pasta made with protein concen

trates rather than flours, greater amounts of any legume product and navy bean followed 

by lentil, then pinto bean. 

A six month shelf life study of pasta supplemented with 10% navy bean or pinto 

bean flour or their concentrates plus 3% vital wheat gluten demonstrated no shattering or 

decrease in general acceptability. Storage of fortified pasta resulted in lower cooked weights 

and no significant change in firmness scores. The addition of legume flour produced higher 

cooking losses and those containing legume concentrates showed lower cooking losses than 
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the controls. Acceptable color scores were not obtained at any tune during the study. 

Sensory panelists prefened the navy bean products over the pinto bean pasta and the 

legume flour compared to the concentrate fortified pasta (Duszkiewicz-Reinhard, 1988). 

Chimirov, 1981 found that a 2% mixture of sodium alginate and calcium gluconate 

(2:1) added to soft wheat grits or baking flour made pasta with cooking losses and texture 

measurements similar to that made from hard wheat grits. The authors suggested that the 

additives increased the pastas strength and hardness by forming a network of calcium 

alginate. 
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MATERIALS AND METHODS 

Cowpea (cv. California Blackeye #5) was donated by Foundation Seed - California 

Crop Improvement Association, University of California, Davis, CA 95616. Soft wheat flour 

was provided by Cereal Food Processors, Inc., P.O. Box 3326 Rosedale Station, Kansas City, 

KS 66103 and durum semolina was purchased from Pantanella Roma Imports of America, 

Tucson, AZ 85721. All materials were stored in plastic bags 4° C. 

Cowpea Flour Production 

Decortication was performed by passing the whole pea through a Bauer Brothers mill 

with the plates separated (model 148, size 8, plate # 8114). An Almaco seed cleaner (model 

ABSC.l) was then used to separate the hulls from the cotyledons. 

Dehulled cowpea was ground in a Vicking electric hammer mill (Model C - H). In 

order to simulate the sieve size of durum semolina, material that would not pass through 

a 20 mesh screen was reground using a Hobart mill set on #2. 
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Extrusion 

A La Parmigiana laboratory scale pasta extruder fitted with a brass die (owned by 

Mama Louisa Restaurant, Tucson, AZ) was used to produce pasta in the form of large shells. 

After the samples were mixed in the extruders hopper for three minutes, distilled water was 

added and the mixture was mixed for three additional minutes. Industries optimum moisture 

level of 32% was achieved using the following formula (Vasiljevic and Banasik, 1980). Table 

1 describes the ingredients used to produce the pasta. 

Grams of solids to add = W fM'1 - W = X 
M2- 1 

Milliliters of water to add = W - X 

The moisture content of the solids = M2 

The moisture content of the pasta = M1 

Total weight of pasta produced = W 
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Table 1. Solids and water used to produce pasta at 32% moisture. 

DURUM SOFT COWPEA 
PASTA* WHEAT WHEAT MEAL WATER 

(SO (g) (g) 

100% DW 3,048 - - 952 

100% SW - 2,979 - 1,021 

10% CM / 90% SW - 2,681 298 1,021 

20% CM / 80% SW - 2,383 596 1,021 

30% CM / 70% SW - 2,085 894 1,021 

*DW = durum wheat semolina, SW = soft wheat flour, CM = dehulled cowpea meal 

Diying 

A modification of a high temperature diying method described by Dexter, 1984 was 

used and is shown in Table 2. The final diying period was reduced from six to two hours 

and rather than an environmental chamber 2 forced air ovens were used: 40° C diying was 

performed in an oven made by Chicago Surgical and Electric Company and the 80° C was 

in a Market Forge oven (model M2200). 

Table 2. Diying conditions. 

TIME (hr) TEMPERATURE (°C) DRYING STAGE 

0.5 25 Case Hardening 

1.0 40 Pre-drying 

2.0 00
 

o
 

1+
 

Drying 

2.0 40 Final Drying 
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Storage 

The pasta was allowed to cool after drying and was then place in plastic bags prior 

to storage in closed cardboard boxes at room temperature. 

Pasta Analyses 

Proximate Analysis 

Raw materials and pasta treatments were analyzed for protein, fat, ash, and moisture 

in triplicate using the standard procedures of AOAC (1989). The micro-Kjeldahl method was 

used to determine crude protein (nitrogen factor = 6.25), crude fat determination was 

performed by extracting with hexane for 6 hours in a Goldfisch apparatus and carbohydrate 

was calculated by difference. Atwaters energy conversion factors of 4 kcaL/g of protein and 

carbohydrate and 9 kcal./g of fat were used to determine the approximate kilocalorie 

content of the pasta (Merrill and Watt, 1955). 

Acid Detergent Fiber 

The acid detergent fiber method as described in the AACC (1982) approved methods 

manual was used to determine each treatments fiber content. In triplicate 2 grams of 

material was refluxed with 100 ml of 2% hexadecyltrimethylammonium bromide in 1 N 

sulfuric acid with 2 mis of decahydronapthalene for 60 minutes. This solution was then 

filtered through a sintered glass crucible, with coarse porosity, under light suction. Washing 

with 90° - 100°C distilled deionized water was performed until the rinse solution no longer 
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foamed. Acetone was then poured over the residue until the washings appeared colorless. 

After drying the crucibles in a 100°C oven for 2 homs they were cooled in a desiccator. The 

ADF value was then determined using the following formula: 

ADF % = (W-W'l x 100 
W 

W2 = weight of dry sintered glass crucible and sample 
W" = weight of dry crucible 
W = weight of dry sample 

Available Lysine 

The available lysine content of the raw materials and the pasta samples cooked for 

their optimum time was measured using the dye binding procedure by Hurrell et al., 1979. 

This method is based on the dye binding capacity of the basic groups in protein for Acid 

Orange 12 (l-phenylazo-2 napthol-6 sulfonic acid). Two measurements of dye binding 

capacity are required: "A" gives a value for histidine + arginine + lysine and "B" measures 

histidine + arginine while lysine amino groups are blocked with propionic anhydride. The 

difference between the "A" and "B" measurement is the amount of available lysine present. 

Measurement "A" was obtained by shaking finely ground sample (enough to provide 

approximately 15 mg of histidine + arginine + lysine) in a 150 ml round bottom flask 

along with 4 mis of half saturated sodium acetate solution (16.4% w/w) for 15 minutes. 

Each flask then received 40 ml of dye solution and was shaken for an additional 60 minutes. 

Approximately 10 mis of each reaction mixture was then centrifuged at 5,000 rpm for 10 

minutes, 1 ml of this was diluted 100 fold with buffer (pH 1.3; 20 g oxalic acid dihydrate, 
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3.4 g potassium dihydrogen phosphate, 60 ml glacial acetic acid and water to make 1 L) and 

its absorbance was read at 475 nm with a Perkin Elmer Lambda 3A spectrophotometer. 

Measurement "B" was determined as "A" was except that the sample added was 

enough to provide approximately 15 mg of histidine + arginine. In addition, in order to 

prevent lysine from binding with the dye 0.2 ml of propionic anhydride was added to the 

sample container just prior to being shaken with the half saturated sodium acetate solution. 

The concentration of dye left in solution was then determined from a standard curve 

and from this the amount of dye bound to the basic amino acids was found by difference. 

The dye binding capacity of measurement "B" was then subtracted from "A" to give the 

amount of lysine present in the sample. 

Amino Add Determination 

Samples (100 mg) were hydrolyzed with 6 N HCl in an autoclave for 17 hours at 

121° C (15 psi), evaporated to dryness with a rotary evaporator, and then filtered through 

Whatman #5 filter paper after being dissolve with 10 ml of 0.1 N HCl (Kerese, 1984). 

Lysine was then quantified by use of an HPLC (Spectra-Physics, model 8000B) with a Rp-18, 

3/i, spherical column. Amino acids were derivatized with 100 fj.\ of florescent o-phthalaldeh-

yde, an internal standard of a-amino butyric acid was added to each sample run, and an 

external standard of essential amino acids of known concentration was injected after every 

5 samples (Jones et al., 1981). 
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Chemical Score 

Chemical Score = g of amino acid per 16 g N of test protein x 100 
g of amino acid per 16 g N of "ideal protein" 

The ideal protein values used to determine the chemical score were from the 

FAO/WHO amino acid scoring patterns for preschool children (2-5 years), school children 

(10-12 years), and adults. 

In Vitro Protein Digestibility 

Digestibility was measured using the AOAC In Vitro protein digestion method in 

which proteolytic enzymes are used to cleave peptide bonds which in turn frees carboxyl 

groups and the H+ ions released are measured by a drop in pH. 

Samples and Na caseinate control were weighed into quantities that contained 10 

mg of nitrogen and then stirred with 10 ml of DD H20 at room temperature for 1 hour. 

Specific amounts of nitrogen are specified to guarantee that the enzymes added will have 

equivalent amounts of protein to hydrolyze. While adjusting to a pH of 8 ± 0.03, using 

dilute HCL and NaOH, the samples and control were stirred while maintaining a 

temperature of 37° C. The enzyme solutions, describe below, were brought to the same pH 

under the same conditions and then stored on ice. 

To the control container was added 1 ml of solution A, after 10 minutes of stirring 

at 37°C one ml of solution B was added and the container was transferred to a 55° C HzO 

bath. Nineteen minutes after adding solution A, the container was returned to the 37° C 

bath and the pH read immediately. Samples were carried through this same process when 

the casein control demonstrated a pH of 6.42 ± 0.05. Digestibility was then calculated by 



substituting pH values into the following formula: 

% Digestibility = 234.84 - 22.56 (pH) 
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Solution A: Dissolve the following in 10"ml of DD H20: 

Porcine pancreatic trypsin - 227,040 BAEE units 

Bovine pancreatic a-chymotiypsin - 1,860 BAEE units 

Porcine intestinal peptidase - 0.520 L-leucine fi-naphthylamide units 

Solution B: Dissolve the following in 10 mis of HzO: 

Bacterial protease - 65 casein units 

Trypsin Inhibitor Activity 

The AACC (1986) method was used to detect the inhibition of the following reaction 

by trypsin inhibitor: 

Benzoyl-DL-arginine-p-nitroanalide (BAPA) + Trypsin -*• 

Benzoyl-DL-argimne + p-nitroaniline 

Defatted 1 g samples were extracted for 3 hours with sodium hydroxide (0.01 N). 

After filtering through Whatman #1 paper the extract was diluted with DD water until 1 

ml was able to inhibit the hydrolysis of the substrate (BAPA) from 40 - 60%. Aliquots (in 

triplicate) of the diluted extract were pipetted into 50 ml erlenmeyer flasks according to 

the following scheme: 
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Table 3. Trypsin inhibitor dilution scheme. 

FLASKS 1 2 3 4 5 6 7 

ml extract 0.0 0.5 1.0 1.5 2.0 0.0 2.0 

ml DD H20 2.0 1.5 1.0 0.5 0.0 2.0 0.0 

6 = reagent blank, 7 = sample blank 

Trypsin solution (2 ml) was added to flasks #1-6 and 30% acetic acid (1 ml) was also 

added to flask #6. All flasks were warmed to 37°C in a gyrator water bath and at 15 second 

intervals prewarmed BAPA (5 ml) was pipetted into them. After 10 minutes the reaction was 

quenched by the addition of 30% acetic acid (1 ml) to flasks #1-5 and #7 at 15 second 

intervals. Trypsin solution (2 ml) was added to flask #7 prior to filtering all reaction 

mixtures through Whatman #1 paper. Absorbance readings (410 nm) of the samples against 

the reagent blank were then obtained using a Sequoia-Turner (model 340) spectropho

tometer and the values were corrected using the sample blank. One trypsin unit is defined 

as an increase of 0.01 absorbance units per 10 ml of the reaction mixture. Trypsin inhibitory 

activity is expressed in terms of trypsin units inhibited (TIU) and was determined using 

linear regression. If the plot for TlU/ml extract was not linearly correlated TlU/ml was 

found by averaging values from each volume of extract. The following equation was then 

used to determine TlU/mg of sample: 

TlU/mg sample = TlU/ml x dilution factor 
sample weight (mg) 
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Cooking Time 

Optimum cooking time was established by boiling the pasta in deionized water until 

the center white core could no longer be seen after crushing a small piece between two 

glass plates. 

Cooked Weight 

Using 600 ml beakers, 300 ml of deionized water was brought to a boil and 

previously weighed 10 g (± 0.5) samples of pasta, in triplicate, were added at 5 minute 

intervals. Boiling water was added during the test if levels dropped below 300 ml. After the 

allotted time was completed samples were immediately placed in a buchner funnel, rinsed 

with 20 ml of deionized water, drained for 2.5 minutes and then weighed (Vasiljevic and 

Banasik, 1980). 

Cooked weight was determined for each sample after cooking for 10 minutes and 

20 minutes. The weights reported were adjusted to a beginning weight of exactly 10 g. 

Cooking Loss 

A modified version of Holliger, 1963 was followed to determine material lost during 

cooking. After determining cooked weight each sample was dried in a forced air oven for 

4 hours at 110°C and weighed. The residual moisture was then determined and this 

percentage was subtracted from the sample weight after oven drying. This dry weight of the 
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cooked material was then subtracted from the samples original dry weight to provide the 

percentage of cooking loss. 

Sensory Evaluation 

Test Administration 

The potential acceptability of the supplemented pasta was studied via a sensory 

evaluation study. In order to measure the degree of acceptance of each treatment a hedonic 

scale with seven verbal categories ranging from like strongly to dislike strongly was used. 

Two days prior to the testing signs requesting untrained panelists for a sensory study were 

posted at the University of Arizona. 

A sensory laboratory with standard lighting and eight partitioned booths was used 

to carry out the study. Prior to entering the booths panelists received brief instructions 

regarding the administration of the study. At each booth was placed a cup of water, a 

pencil, a questionnaire and a reporting form (see APPENDIX A). After completing the 

questionnaire panelists were presented with one macaroni shell in a 2 ounce plastic 

container coded with a random number. The remaining samples were given to the 

participants in the order in which the random numbers were placed at the top of the 

hedonic scale recording sheet. 

Sample Preparation 

The cooking process was the same for each type of pasta; 25 gms of pasta was 

cooked in four cups of boiling tap water which contained 1/2 t salt and 1 T margarine. 
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Each type of pasta was cooked for its previously determined optimum amount of time, 

drained in a colander, and then placed under a heat lamp until served. 

Statistical Analysis 

Analysis of variance was used to determine if mean differences among samples were 

large enough to imply that their population means were also different. Possible differences 

between specific means was evaluated using Duncan's New Multiple Range Test (Duncan, 

1955). 
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RESULTS AND DISCUSSION 

Cowpea Flour Production 

The cowpea decortication process resulted in a 72.3% yield which is 2.7% less than 

Ningsanond and Ooraikul, 1989 reported after attempting to optimize the diy dehulling 

process using an abrasive dehuller and sieve. Black pieces of hull became noticeable when 

30% cowpea was mixed with soft wheat flour however, panelists made no mention of this 

during the sensory study. 

Farinograph studies examining the effect of legume addition to semolina have 

reported higher water absorption with lentils, navy bean, pinto bean, chick pea and lupin 

thus suggesting that either legume proteins have a greater hydration capacity than wheat 

proteins or the increase was a result of higher levels of protein in general (El-Magoli et al., 

1982; Bahnassey and Khan, 1986II). Cowpea has also demonstrated this effect when added 

to a wheat flour of medium strength and protein content (Mustafa et al., 1986). Prior to 

beginning this study, trials performed using a home pasta maker showed that beyond 30% 

the dough was to diy and crumbly to manipulate. In spite of this apparent difference in 

water absoiption capacity all samples were extruded at the ideal moisture level for dunun 

wheat (32%) so differences recorded could be solely related to the addition of cowpea. 

Additional water may have allowed a greater percentage of cowpea to be added but this was 

not studied. 
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Proximate Composition of Raw Materials 

The results of the proximal analysis are contained in Table 4. Industry considers 

semolina to be appropriate for pasta production when on a 14% moisture basis, percentage 

of protein is in the range of 12.0 to 15.0 and ash is 1.8% or less (Vasiljevic and Banasik, 

1980). Therefore with 15.46% protein and 0.94% ash (dry weight basis) the semolina used 

in this study served as an appropriate control. Having the objective to study supplemented 

pasta based on a low protein wheat flour, the donated flour at 10.72% protein met this 

criteria. Cowpea dehulled in a manner similar to that used in this study produced a product 

that recovered 97.6% of the protein in the whole pea. Using this recovery rate means that 

the protein content of this dehulled cowpea would equal 24% in the whole pea and thus 

falls in the reported range of 23 to 30% protein for cowpea (Kochhar et al., 1988; Bliss, 

1973). 

With the germ removed during the milling process wheat flour lipid content 

generally falls below 1.90%, therefore the semolina and flour used in this study both 

demonstrate typical amounts of fat in milled wheat (Pomeranz, 1988). 

Acid Detergent Fiber Content 

Acid detergent fiber is considered to be predominately cellulose and lignin. 

Percentages of ADF for pasta and cowpea could not be found thus the use of values 

obtained using another analytical method for purposes of comparison was necessary. Crude 

fiber values are readily available, however they do tend to be slightly lower than those for 

the same material using the ADF method. Wheat flours with extraction rates in the middle 

to high 70's are reported to contain from 0.2 to 0.3% crude fiber (Pennington and Church, 
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1985). Whole cowpea crude fiber values range from 1.7 to 6.9% while dehulling cowpea 

reduces this component to values such as 1.4 and 1.75% (Reddy, 1984; Elias et al., 1964; 

Sosulski et al., 1987; Molina et al., 1976). The ADF raw material values, listed in Table 4 

appear to agree with previous reports considering that crude fiber reports should be less 

than ADF values. 

Table 4. Proximate composition of raw material8. 

Raw 

Material 

Content % 

Moisture Protein Lipid Ash ADF6 CHO* 

Durum 
Semolina 

10.77 
± 0.08 

15.46 
± 0.26 

1.16 
± 0.03 

0.94 
± 0.04 

0.44 
± 0.01 

81.99 

Soft Wheat 
Flour 

8.73 
± 0.05 

10.72 
± 0.20 

1.13 
± 0.04 

0.64 
± 0.05 

0.34 
± 0.02 

87.17 

Cowpea Meal 
(dehulled) 

8.52 
± 0.10 

23.08 
± 0.29 

1.11 
± 0.01 

3.37 
± 0.05 

3.40 
± 0.13 

69.05 

"Means ± S.D., 3 determinations (ADF = 2 determinations), dry weight basis. 
bADF = Acid detergent fiber. 
cCHO = Carbohydrate [100 - (%protein + %lipid + %ash + %ADF)] 
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Proximate Composition of Pasta 

Results of the proximate analysis of the 100% wheat and supplemented pastas are 

in Table 5. The drying method of Dexter et aL, 1984 (1 hr at 40°C, 2 hr at 85°C, 6 hr at 

40°C) was used initially but the pasta produced had moisture levels (3.5 to 5.0%) lower 

than the recommended 10 to 12%. This may have been due to the low relative humidity in 

Arizona thus allowing a greater moisture loss during drying. The high temperature portion 

of this method has been attributed to superior cooking quality, therefore it was not changed 

but the less critical low temperature portion was decreased from 6 to 2 hours. This change 

was sufficient to produce durum pasta at 9.74% moisture, close to the recommended 

moisture level. The other trials also had higher moisture values but at 7.02 to 8.19% they 

were still not in the ideal range. A similar study reported that durum semolina pasta made 

as a control or with 10% pinto bean or navy bean plus 3% gluten also demonstrated low 

moisture levels but were dried using conventional drying (Duszkiewicz-Reinhard et al., 

1988). Based on this it can be suggested that the drying technique is not entirely 

responsible for the low moistiure products but additionally the cowpea and its ability to bind 

water may also have contributed. 

Protein levels for the supplemented pasta, as reported in Table 5, are close to the 

values that can be calculated considering the composition of the raw material. For example, 

pasta supplemented with 20% cowpea should contain 13.19% protein while the kjeldahl 

values report it to be 13.28%. Beginning at 20% supplementation, the protein content of 

the pasta entered the range of protein that durum pasta generally contains. Therefore, the 

addition of 20% or greater cowpea was able to bring a soft wheat based pasta to a protein 

content similar to that of most semolina pasta. 
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Crude fat values (Table 5) were lower in the pasta than in its raw ingredients. 

Complexes between lipid and starch or protein are known to occur when wheat is hydrated 

and mixed, therefore the values of 0.28 to 0.38% are not a surprise. Youngs et aL, 1970 

found that 91.5% of the lipid in durum semolina was bound after being mixed with water 

and then centrifuged. The solvent used for the extraction of fat was hexane because this 

solvent will extract primarily free and nonpolar lipids. A polar solvent such as an alcohol 

could break these complexes and allow a more accurate reporting of the pasta lipid content. 

Quantifying the amount of fat in these products was not a major objective of this work. 

Therefore, more complete data was not pursued. 

Cowpea has 3.88 kcal./g while most wheat flours have slightly more at 4.0 kcal./g 

(Akinyele and Fasaye, 1988; Pennington and Church, 1985). As a result supplementation 

with cowpea decreased the kilocalorie content of the 100% wheat pasta from 4.0 to 3.9 

kcaL/g for the 20 and 30% cowpea pasta. This slight decrease is explained by greater 

amounts of fiber provided by the cowpea. 
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Table 5. Proximate composition and energy content of pasta1. 

Pasta2 
Content ( % ) kcai 

/g Pasta2 

Moisture Protein Lipid Ash ADF3 CHO4 

kcai 
/g 

100% DS 9.74 
± 0.02 

16.02 
± 0.35 

0.38 
± 0.00 

0.98 
± 0.04 

0.46 
± 0.05 

82.16 4.0 

100% SF 7.05 
± 0.15 

10.94 
± 0.25 

0.27 
± 0.02 

0.65 
± 0.01 

0.35 
± 0.02 

87.79 4.0 

90% SF 
10% CM 

7.02 
± 0.11 

11.30 
± 0.15 

0.29 
± 0.00 

0.79 
± 0.06 

0.56 
± 0.02 

87.05 4.0 

80% SF 
20% CM 

8.19 
± 0.14 

13.28 
± 0.01 

0.34 
± 0.01 

1.02 
± 0.03 

0.84 
± 0.03 

84.52 3.9 

70% SF 
30% CM 

7.55 
± 0.04 

14.22 
± 0.11 

0.37 
± 0.01 

1.28 
± 0.03 

1.13 
± 0.02 

83.00 3.9 

'Means ± S.D., 3 determinations (ADF = 2 determinations), dry weight basis. 
2DS = durum semolina, SF = soft wheat flour, CM = cowpea meal. 
3ADF = acid detergent fiber 
4CHO = carbohydrate [100 - (%protein + %fat + %ash + %ADF)] 

Total and Available Lysine 

The essential amino acid of most concern in pasta is lysine because processing easily 

reduces its availability, thus aggravating its limiting amino acid status in wheat (Acquistucci 

et al., 1988). High processing temperatures, low water content, and significant levels of 

reducing sugars are all factors that promote reduction of its availability. These conditions 

promote the maillard reaction which occurs between reducing sugars and free amino groups 

in protein thereby decreasing lysine availability and ultimately protein digestibility (Bjorck 

et al., 1985; Almas and Bender, 1980). With a relatively high water content and small 

amount of reducing sugars decreases in pasta available lysine have been shown to be 
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directly related to the drying temperature and the exposure time used. Cowpea although 

higher in reducing sugar content (1.56%) than wheat (0.55%) contains 7.18 g/16 g N (El 

Faki et al., 1983; Toepfer et al., 1972). Compared to reported values for lysine in wheat 

(2.4 g/16 g N) cowpea's relative abundance should be enough to compensate for a possible 

increase in the maillard reaction resulting from its reducing sugar content (Shoup et aL, 

1966). The lysine values for cowpea (Table 6) correlate well with those of Hurrell et al., 

1979 who reported a total lysine value of 6.62 g/16 g N and a value of 6.21 g/16 g N of 

available lysine in dehulled cowpea. The addition of cowpea increased the lysine content 

of the soft wheat pasta from 2.60 g/16 g N to a range of 3.68 to 5.53 g/16 g N by the 

addition of cowpea. Substantial increases in available lysine were also achieved by 

supplementation. The 10% cowpea pasta contained 39% more available lysine than the soft 

wheat pasta while the 30% cowpea addition boosted the level by 117%. This improvement 

took a product well under the lysine requirement in the FAO/WHO amino acid pattern for 

10-12 year old children (4.4 g\ 16 g N) to greater amounts after 20 and 30% supplementa

tion level (FAO, 1985). Even if available lysine is considered, the 30% cowpea pasta at 4.18 

g\16 g N was just under the FAO\WHO requirement for lysine. 

Work documenting available lysine content of supplemented pasta could not be 

found. However, a study evaluating the effect of high temperature drying on available lysine 

in semolina pasta reported a loss of 32% after 5 hours of drying at 85° C (Acquistucci et al., 

1988). Similarly Dexter et al., 1984 reported semolina pasta available lysine loss after one 

hr at 40° C, 2 hrs at 85° C and 6 hrs at 40° C to be only 9.4%. Such differences have 

suggested that the length of high temperature exposure chosen for pasta drying should be 

a compromise between loss of available lysine and improved cooking quality. 
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Relative humidity levels during pasta drying have been reported to effect available 

lysine loss during this process. (Pavan, 1979). Each type of pasta was produced and dried 

on separate days, humidity levels were not recorded, however during the week of processing 

the weather did fluctuate from sunny to overcast. Interestingly the pasta demonstrated 

percentages of available lysine that ranged from 71.18 to 80.27%. It can be suggested that 

this range resulted from differences in the environments relative humidity during processing. 

Table 6.Total and available lysine content of raw material and cooked pasta1. 

Raw LYSINE CONTENT g/l6gN Available 

Matexial Total Unavailable Available Lysine (%) 

Durum Semolina 2.22 
- 2.26 ± 1.11' -

Soft Wheat Flour 2.42 
- 2.39 ± 0.04" -

Dehulled Cowpea 7.18 ± 0.70 0.28 6.90 ± 0.14" 88.72 

Pasta4 

100% DS 2.983 0.84 2.57 ± 0.36" 86.24 

100% SF 2.603 0.68 2.40 ± 0.33" 92.31 

90% SF/ 10% CM 3.68 ± 0.32 1.02 3.03 ± 0.23c 82.07 

80% SF/ 20% CM 4.51 ± 0.69 0.89 3.36 ± 0.12d 74.57 

70% SF/ 30% CM 5.53 ± 0.18 1.35 4.37 ± 0.38e 75.59 

'Mean ± S.D., 3 determinations, dry weight basis. 
2Durum Semolina value from Dexter and Dronzek, 1975c. Soft wheat value from Shoup 
et al., 1966. 

3One determination. 
4DS = Durum Semolina, SF = Soft Wheat Flour, CM = Cowpea meal. 
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Protein Quality 

Protein quality is a function of a foods essential amino acid content and protein 

digestibility. The essential amino acid content of dried/uncooked pasta is presented in Table 

7. Previous work using durum semolina has demonstrated amino acid levels, except for 

available lysine, are not significantly affected by pasta drying (Dexter et al., 1984). Protein 

quality is based on food as eaten thus cooked pasta was evaluated for its amino acid 

content. As was expected the addition of a legume to a grain increased the products total 

lysine content. Greater amounts of the other essential amino acids, except methionine, 

cystine, and tryptophan (calculated from data reported by Bressani, 1985; FAO, 1970; 

Hepburn et aL, 1957) were also found in the supplemented pasta compared to the 100% 

wheat products. Values for tryptophan in the CP were similar to the 100% pasta because 

this amino acid is reported to be at comparable levels in wheat flour and cowpea. Values 

previously reported for methionine and cystine in cowpea (1.26 and 0.51 g/16 g N) are less 

than those shown for the 100% wheat pastas in Table 7 and as a result quantities for these 

amino acids were not improved by the supplementation (Elias et al., 1964). 



Table 7. Essential amino acid content of cooked pasta (g / 16 g N)1. 

Amino Acid 100% DSa 100% SF 90% SF 
10% CM 

80% SF 
20% CM 

70% SF 
30% CM 

Histidine 2.09 ± 0.08 2.01 ± 0.13 2.34 ± 0.04 2.50 ± 0.04 2.80 ± 0.40 

Isoleucine 3.79 ± 0.08 3.60 ± 0.19 3.85 ± 0.13 4.01 ± 0.04 4.25 ± 0.04 

Leucine 7.20 ± 0.21 6.79 ± 0.37 7.25 ± 0.29 7.45 ± 0.03 7.89 ± 0.03 

Lysine 3.35 ± 0.26 3.23d 3.68 ± 0.32 4.51 ± 0.69 5.53 ± 0.18 

Methionine 1.49 ± 0.04 1.50 ± 0.06 1.51 ± 0.05 1.49 ± 0.00 1.51 ± 0.01 

Cystine 1.61 ± 0.50 2.07 ± 0.22 1.74 ± 0.41 1.28 ± 0.02 1.31 ± 0.19 

Phenylalanine 5.28 ± 0.21 4.99 ± 0.25 5.29 ± 0.19 5.45 ± 0.00 5.64 ± 0.11 

Tyrosine 2.83 ± 0.05 2.80 ± 0.13 3.01 ± 0.21 3.10 ± 0.03 3.20 ± 0.03 

Threonine 2.28 ± 0.06 2.25 ± 0.08 2.67 ± 0.10 2.86 ± 0.01 3.01 ± 0.06 

Tryptophan3 1.03 1.03 1.04 1.04 1.05 

Valine 4.16 ± 0.11 4.13 ± 0.11 4.47 ± 0.13 4.70 ± 0.04 4.91 ± 0.01 

'Mean ± S.D., 2 determinations, diy weight basis. DS = Durum Semolina, SF = Soft Wheat Flour, CM = Cowpea Meal. 
2Tiyptophan was not detennined. Values are calculated from the means of 8 cowpea cultivars and 5 wheat flours 
(Bressani, 1985; FAO, 1970; Hepburn et al., 1957). 

3One determination. 
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Several methods for evaluating protein quality have been developed to try and 

decrease the cost and time needed for animal studies. A simple technique known as 

chemical or amino acid score reports the percentage a products lowest occurring amino acid 

is compared to the content of the same amino acid in an "ideal protein" such as milk or a 

reference amino acid pattern. The FAO/WHO began reporting such reference patterns in the 

1950's and have revised them as new data regarding human amino acid needs have become 

available (FAO, 1985). These estimates of amino acid requirements are reported in patterns 

appropriate for 3 age groups of children and for adults. Infants are seldom consumers of 

pasta thus a pattern for this age group was not used to evaluate protein quality in this 

report. Amino acid scores for each cooked pasta as compared to amino acid needs of young 

children, adolescents, and adults are listed in Table 8. The pasta prepared from 100% wheat 

would not be a good protein source for preschool or school children as they demonstrated 

a range of only 56 to 81 for their limiting amino acid scores. However, the results also 

suggest that the maintenance needs of adults could be met by the 100% wheat pasta alone. 

At a level of 20%, cowpea made a dramatic improvement in soft wheats essential amino acid 

content by creating a product with the essential amino acids all in greater supply than the 

amount demanded by the reference pattern for school children. Adding 30% cowpea was 

able to bring the limiting amino acid score of soft wheat pasta for preschool children from 

56 to 89. Not enough to be considered equal to an" ideal protein" source but certainly a 

substantial improvement. 
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Table 8. Pasta chemical scores for adults and children \ 

CHEMICAL SCORE (%) 

Sample2 
Preschool Child School Child Adult 

( 2 - 5  y e a r s )  (10 -12 years) 

100% DS 58 76 131 

100% SF 56 73 126 

10% SF/ 90% CM 63 84 146 

20% SF/ 80% CM 78 102 156 

30% SF/ 70% CM 89 108 166 

'Scoring patterns of amino acid levels are those suggested by FAO/WHO (1985). 
Tryptophan values are the means from several published works (see table # 7). 

2DS = durum semolina, SF = soft wheat flour, CM = cowpea meal. 



45 

Table 9 includes percentage protein, digestibility and percentage of digestible protein 

in the raw materials and pasta. A previous investigation has indicted that pasta cooking 

losses are predominately starch (Dexter et al., 1984). Molina et al., 1982 demonstrated this 

to be especially true in supplemented pasta; the addition of corn and defatted soy flour to 

semolina resulted in an increase in nitrogen after cooking whereas 100% semolina 

demonstrated little to no change. Similarly, the 100% wheat products in this thesis showed 

no change in crude protein after cooking while the supplemented pasta increased from 2.81 

to 6.63%. This apparent concentration of protein was greater with less cowpea addition thus 

it appears that the CP which contained less protein had more soluble starch to loose to the 

cooking water. 

A method designed to evaluate protein digestibility through the use of proteolytic 

enzymes has been reported to be able to distinguish ~ 1% differences in the protein 

digestibility of several processed cowpea products (Phillips and Baker, 1987). In addition, 

Wolzak et al., 1981 found that cooked cowpea had in vitro protein digestibility (IVPD) 

results that differed by only 1.3% with values reported for rat in vivo work. Bodwell et al., 

(1980) studied a variety of protein sources but did not report the same conclusions as those 

mentioned above. However, they did find improved correlations between IVPD and m vivo 

(human and rat; r > 0.90) digestibility when foods analyzed were from similar sources. 

Several criticisms of this method, an inability to detect antinutritional factors and the effects 

of heat processing were studied using 23 food samples and were reported to be unfounded 

(Hsu et al., 1977). The controversy continues but with little else available to simulate 

digestibility the American Association of Analytical Chemists have deemed this method 

worthy enough to include in their list of official methods. 
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The IVPD of the raw cowpea in this study was found to be 74.9% (Table 9) which 

is similar to the value of 77.82% reported by Phillips, 1987 and to 75% and 80% reported 

for 2 cowpea culdvars by Onigbinde and Akinyele, 1990. The IVPD value of 89.10% for 

durum semolina is comparable to previously reported data for this commodity (85.4% Hsu 

et al., 1977; 87.64% Buck et al., 1987). The use of Duncan's multiple range test on the raw 

material and dried/uncooked pasta showed the IVPD means were all significandy different 

except those for soft wheat and 100% durum pasta. With litde surprise the drying process 

reduced the IVPD values for both 100% wheat pastas. Others have related such findings to 

simultaneous losses of available lysine during the pasta drying process (Hsu, 1977). As 

cowpea supplementation increased IVPD scores for the soft wheat pasta decreased slighdy. 

This may have resulted, in addition to the loss of available lysine, because of the increase 

in fiber from the cowpea and due to the presence of trypsin inhibitor. Buck et al., 1987 

found that the addition of soy flour and corn gluten meal dropped the IVPD of semolina by 

4% while supplementation of cowpea in this study reduced soft wheat's IVPD by 4.9 to 

8.3%. Digestibility values for the cooked supplemented pastas were not obtained. However, 

it can be assumed that an improvement would be seen because several studies have indicted 

that cooking pasta increases available lysine values while decreasing trypsin inhibitor 

activity; two things that the IVPD procedure has been shown to be sensitive to (Molina et 

al., 1982 ; Sing and Chauhan, 1989). 
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Table 9. Protein content and digestibility of raw material and pasta (cooked and uncooked)1. 

BEFORE COOKING AFTER COOKING 

Sample3 
Protein 

(%) 
Digestibility 

(%) 
Digestible 

Protein (%) 
Protein 

(%) 
Digestibility 

(%)3 
Digestible 

Protein (%) 

Cowpea 
Meal 

23.08 
± 0.29 

1 
i 74.80s 

! ± 0.13 • 

17.26 
1 
1 1 1 

-

Durum 
Semolina 

15.46 
± 0.26 

j 89.10b 

i ± 0.00 
13.77 

1 

1 
-

Soft Wheat 
Flour 

10.72 
± 0.20 

J 85.21' 
! ± 0.52 

9.13 
1 
1 
1 

-

100% DS 16.02 
± 0.35 

| 85.36c 

j ± 0.23 
13.67 16.07 

± 0.34 
i 87.56 
I ± 0.25 

14.07 

100% SF 10.94 
± 0.25 

i 84.15" 
I ± 0.07 

9.21 10.90 
± 0.35 

i 84.63 
i ± 0.28 

9.22 

90% SF 
10% CM 

11.30 
± 0.15 

j 81.04e 

i ± 0.25 
9.16 12.05 

± 0.01 
i N.D. 
i i 

-

80% SF 
20% CM 

13.28 
± 0.01 

! 79.50' 
! ± 0.38 

10.56 13.79 
± 0.07 

,! N.D. 
i i 

-

70% SF 
30% CM 

14.22 
± 0.11 

i 78.17g 

i ± 0.23 
1 1 

11.12 14.62 
± 0.04 

j N.D. 
i i i 

-

'Means ± S.D., 3 determinations for % protein, 2 for digestibility, dry weight basis. 
2DS = durum semolina, SF = soft wheat flour, CM = cowpea meal. 
3Means with different letters are significantly different (p < 0.05). 
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Trypsin Inhibitor Activity 

Trypsin inhibitor activity (TIA) values are listed in Table 10. The value of 14.8 ± 0.8 

obtained for dehulled cowpea meal in this study is slightly less than the range of 15.6 to 

31.2 reported by Ogun et aL, 1989 and more than the value of 12.20 reported by Elkowicz 

and Sosulski, 1982. Dehulling of cowpea in die study by Ogun et al., 1989 was said to 

reduce TIA in cowpea by an average of 3.6% thus prior to hull removal the cowpea in this 

study can be estimated to have contained 15.3 TlU/mg. Sixteen cowpea varieties grown in 

different areas under different growing conditions are represented by the TIA values 

mentioned above (including the pea used in this study) therefore some degree of variation 

is expected. 

The reporting of TIA requires that one ml of extract inhibit 40 - 60% of the standard 

trypsin solution. Fifty mis of 0.01 N NaOH are generally used to extract one g of sample. 

Utilizing this method demonstrated no activity for several samples thus the amount of 

sample extracted was increased to two gms. Even with this increase in sample extracted 

100% wheat samples and samples containing 10 and 20% cowpea meal, after cooking for 

their optimum amount of time demonstrated TIA to low to fall within the 40 to 60% 

inhibition range required to calculate accurate TIA values. 

Trypsin inhibitors in wheat have been isolated and characterized. From 5 to 10% of 

the water soluble protein fraction in wheat has been reported to be trypsin inhibitors 

(Mikola, 1972). Considering that this fraction is approximately 10% of wheats total protein 

content the amount of trypsin inhibitor in the durum wheat used in this study can be 

estimated to be from 0.08 to 0.15% and in the soft wheat from 0.05 to 0.11% (Ewart, 

1969). Kakade et al., 1974 designed the TIA assay for soybean which has been reported to 
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contain 41.55 TlU/mg. The amount of TIA in both types of wheat appears to have been to 

low to record with this assay. Sing and Chauhan, 1989 reported a value of nil for the TIA 

of noodles made from durum and aestivum. However, Bahnassey, 1986 detected trypsin 

inhibitor activity at the level of 0.83 mg/g in durum pasta. Differences in drying methods 

used in these studies as well as for this thesis do not explain the variation in TIA of wheat 

pasta. The most severe heat treatment and the least both demonstrated no TIA while the 

pasta dried at a low temperature for a longer time contained enough trypsin inhibitor to 

record. Once again variations in growing conditions and/or variety may have caused this 

difference. 

Cooking the 10 and 20% cowpea products reduced the TIA to a trace, that is to a 

level to low to accurately calculate. Pasta with 30% cowpea contained 0.8 TlU/mg which 

can not be considered a level of concern when it has been estimated that the average 

english citizen consumes 330 mg of trypsin inhibitors per day (Doell, et al., 1981). The only 

work found that evaluated the TIA of a legume supplemented before and after cooking 

found complete destruction of the TIA from 10% defatted soybean flour after 13 minutes 

of cooking (Sing and Chauhan, 1989). This suggests that trypsin inhibitors in ground 

cowpea and soybean are susceptible to inactivation while boiling. Work done by Atunes and 

Sgarbieri, 1977 validates this idea. These authors reported whole soybeans to require 25 

minutes of boiling for complete loss of TIA whereas soybeans soaked for 12 hours required 

only 15 minutes. In addition work by Phillips et al., 1983 demonstrated that trypsin 

inhibitors in cowpea meal are destroyed rapidly at 20% moisture and greater than 125° C. 



Table 10. Effect of cooking on trypsin inhibitor activity1. 

Sample2 nu (per mg) 

Raw Cooked3 

Durum Semolina trace -

Soft Wheat Flour trace -

Cowpea Meal 14.8 ± 0.8 -

100% DS trace trace 

100% SF trace trace 

90% SF/ 10% CM 1.3 ± 0.1 trace 

80% SF/ 20% CM 2.9 ± 0.2 trace 

70% SF/ 30% CM 3.3 ± 0.0 0.8 ± 0.0 

'Means ± S.D., 3 determinations, dry weight basis. 
2DS = durum semolina, SF = soft wheat flour, 
CM = cowpea meal. 

3Samples were cooked for the length of time 
determined to be optimum. 
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Pasta Color 

The color considered ideal for pasta is a translucent bright yellow or amber. In this 

study the durum pasta demonstrated such a color but with a lot of checking, most likely a 

result of being dried in ovens not designed for such purposes. Demonstrating its low levels 

of carotenoid pigments the soft wheat produced a pasta with a grayish white color. Adding 

10% cowpea produced a pasta which was similarly colored but with less of a grey hue. The 

20% cowpea pasta demonstrated a distinct yellow color while the most dramatic affect was 

seen in the 30% cowpea pasta which looked as yellow as the durum pasta but lacked its 

translucency. 

Haber et al., 1978 reported that the addition of various soybean products to soft 

wheat created a pasta with color equal or better than the soft wheat pasta control. Work 

similar to this found the addition of field pea to a hard common wheat caused an increased 

yellowness when compared to 100% hard wheat (Nielsen et al., 1980). Color evaluations 

of supplemented durum pasta have resulted in a variety of affects. Work by Hannna, 1978 

found that a bean protein concentrate bleached the color of durum pasta and yeast protein 

concentrate imparted a yellow brown color. Having little effect on the color of durum pasta 

when supplemented was nonfat dry milk and soy concentrate, isolate and grits. 

Sensory Evaluation 

Results of the sensory evaluation study can be found in Table 10. The data was 

submitted to analysis of variance in order to test the null hypothesis that all means are the 

same. This hypothesis could not be rejected thus the means are not significantly different. 

They do appear to be in the order one would expect, that is 100% durum semolina has the 
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largest mean and pasta made with 30% cowpea received the lowest value but the analysis 

of variance results suggests this order may just be the result of chance. Bahnassey and Khan, 

1986 found a significant difference between the acceptance of pasta supplemented with 10, 

15 or 25% of anyone of 12 legume products. Above the 10% level several of the panelist 

were reported to have commented on an objectionable beany flavor. However, in one study 

eight high protein sources were added to pasta, including several soybean products and a 

bean concentrate, the authors concluded that a sensory panels response to greater amounts 

of a protein supplement may or may not play a role in a panels response. The authors 

determined that response to level of fortification is dependant on the protein source (Hanna, 

et al., 1978). 

It is well known that sensory evaluation results can be affected by things other than 

the samples being tested such as characteristics of the panelists (ASTM, 1968). An example 

of this is in a study by Siegel et al., 1975. In this work an evaluation of soy fortified noodles 

demonstrated that adults preferred the control noodle while preschool children found the 

fortified noodles acceptable. One or more characteristics of these children allowed them to 

either like the differences imparted by the soy flour or perhaps be unable to detect any 

differences. This same reasoning can be used to better understand the results of the sensory 

work reported for thesis. The questionnaire filled out by the panelists reveals two 

characteristics that may have confounded the results of this work. Only 69% of the panelists 

said they like pasta thus perhaps making it difficult for the others to rank acceptability 

when the product in question may not have been given a high score even if it was a high 

quality durum pasta. Eight evaluators (32%) listed a country of origin that is known to 

consume cowpea; Brazil, Zambia, Sierra Leone, and China. Familiarity with the flavor of 
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cowpea may have played a role in there being no significant differences between the 

cowpea supplemented pasta and either of the 100% wheat pastas. One Brazilian panelist 

said she preferred the soft products and two others commented that they liked the beany 

flavor. Different countries of origin also means the panels exposure to a variety of types and 

quality of pasta is very likely. For example, the Brazilians may be accustomed to pasta made 

with nondurum wheat thus the soft wheat products may not have been objectionable. 

Likewise the Chinese and Taiwanese panelists may be usually consume soft wheat and/or 

mung bean noodles thus a firmer durum product would not be desirable for them. 

It was not surprising that the durum pasta did not receive a higher mean score since 

a panel that tested durum pasta (produced by the same extruder used for this thesis) for 

color, appearance, taste, and texture gave the durum control no higher than 5.2 on hedonic 

scales that as in this work ranged from 1 to 7. The authors did not comment on these low 

scores but perhaps equipment shortcomings such as extrusion not performed under a 

vacuum and drying conditions less than ideal created an inferior control (Hanna,1978). In 

addition an American panelist commented that it was hard to evaluate the pasta because 

once he had tasted a piece of pasta he was unable to remove the flavor from his mouth. 

This may also have contributed to panelists not ranking the durum product higher than the 

others. 

A triangle test administered by a panel trained to identify cowpea would be able to 

establish if the levels of cowpea did not add sufficient flavor for the first panelists to tell the 

difference between them. This additional study suggestion raises a question, what was this 

test designed to do. Test acceptability yes but by who? Western pasta lovers or people from 

areas that consume cowpea or have the potential to. The latter of course is true. With 
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positive comments from several panelists pasta supplemented with cowpea meal may be 

acceptable to people accustomed to the flavor of cowpea. Sensory work in the field would 

of course be necessary to establish this idea. 

Optimum Cooking Time 

Optimum cooking times are listed in Table 10. Optimum cooking time is considered 

to be the time needed for the central core of starch to gelatinize, that is when the white 

core seen in partially cooked pasta disappears. The durum sample optimum cooking time 

of 10 minutes was within the range of standard cooking times (10 to 12 minutes) used to 

evaluate durum pasta (Cubadda, 1988; Vasiljevic and Banasik,1980). The relatively short 

cooking time 7 minutes for the soft wheat pasta was increased by fortification at levels 

greater than 10%. Beslagic, 1981 also found an increase in cooking time when full fat soy 

flour was added to durum pasta. However, the addition of field pea flour or concentrate had 

no affect on the cooking time of durum pasta (Nielsen, 1980). Bahnassey, 1984 found 

supplementation of durum wheat with a variety of legume flours and concentrates caused 

the pasta produced to have cooking times from 1 to 10 minutes longer than the durum 

control. Such increases in cooking time may be explained by findings that have demonstrat

ed water penetration into pasta is slower with greater quantities of protein therefore time 

required to gelatinize the core is increased (Marshall and Wasik, 1974; Resmini and Pagani, 

1983). 



55 

Table 11. Pasta color, acceptability, and optimum cooking time. 

Sample1 Color1 Acceptability3 Optimum Cooking 
Time, min. 

100% DS bright yellow 4.9 10 

100% SF grayish white 4.7 7 

90% SF/ 10% CM grayish white 4.5 7 

80% SF/ 20% CM pale yellow 4.1 8 

70% SF/ 30% CM yellow 4.0 8 

'DS = durum semolina, SF = soft wheat flour, CM = cowpea meal. 
determined by visual examination. 
3Means from the hedonic scores of 25 judges. Analysis of variance revealed that the means 
are not significantly different (p < 0.05). 

Cooked Weight 

Pasta is evaluated not only for its sensory attributes but also for the quality it 

demonstrates during and after cooking. Results from the cooking quality studies are in Table 

12. The water absorption capacity of the pasta is reported as cooked weight. Soft wheat 

pasta absorbed significantly more water than the durum pasta after 10 and 20 minutes of 

cooking. Less water absorption is expected for durum pasta and is correlated with its 

superior integrity during cooking. Cowpea did not cause a change in cooked weight, 

compared to the SP, until supplementation reached 30%. At this level the SP cooked weight 

was reduced by 11 and 6%, after 10 and 20 minutes of cooking, respectively. 

Maga, 1989 reported similar results for whole wheat durum flour supplemented with 

dried distillers grain. A 50% addition of this product caused a decrease in cooked weight 

percentage gain, an alternative way of reporting water absorption, while with 25% 
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replacement no change was found. Fortification leading to lower cooked weights was also 

documented by Buck, 1987. In this case addition of 10 or 20% soy flour produced lower 

cooked weights than the durum control Work by Haber et al., 1978 demonstrated that 

addition of various soybean products to soft wheat resulted in decreased cooked weights 

when compared to the soft wheat pasta control. Bahnassey and Khan, 1986 (II), Nielsin et 

al., 1980 and Breen et al., 1977 found that adding a legume product to durum pasta 

resulted in lower cooked weights. Also reported by Bahnassey and Khan was that adding 

legume concentrates resulted in lower cooked weights than legume flours. Thus suggesting 

that the level of protein is related to pastas ability to absorb water. Soy protein and rape 

seed concentrate demonstrate greater water hydration capacity than wheat gluten thus one 

might have expected that reducing the wheat content of pasta by adding a legume would 

increase the pastas cooked weight (Rakosky, 1989). Since this was not the case one must 

look a little closer at the method of processing. The cowpea and wheat protein may have 

become partially denatured during the high temperature drying thus forming a barrier that 

reduced water penetration into the pasta. This situation has been documented in soft wheat 

pasta produced with low moisture by a high temperature drying method. However, no 

suggestions have been made to explain the low cooked weights of legume fortified pasta 

(Resmini and Pagani, 1983). What is known however is that reduction in the cooked weight 

of a soft wheat pasta is an advantage since the stress the pasta is submitted to is reduced. 

Therefore, a product with improved integrity after cooking is produced. This work 

demonstrated that cowpeas ability to decrease the stress caused by excess weight from water 

begins at a supplementation level between 20 and 30%. 
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Cooking Loss 

The percentage of solids lost to the cooking water is considered indicative of high 

quality pasta if after 12 minutes of cooking less than nine percent is lost. In this study the 

optimum cooking time for the durum pasta (10 minutes) dictated that for comparison 

purposes this time be used; twenty minutes was chosen to evaluate the pastas ability to 

withstand overcooking. Cooking loss results from this study are reported in Table 12. After 

10 and 20 minutes of cooking the durum pasta loss was less then the nine percent 

mentioned above. Whereas the soft wheat pasta lost more solids than this after both 

cooking times. Freeze fracturing has been used to explain soft wheats loss of material 

during cooking. The limited amount of protein in soft wheat pasta coagulates into discrete 

masses throughout the pasta and thus a framework is not built as in durum pasta that traps 

the starch granules prior to gelatinization and prevents them from dispersing into the 

cooking water. After 10 minutes of cooking cowpea supplementation was able to reduce 

pasta loss as the amount of cowpea increased. At the 20 and 30% level losses would be 

considered comparable to a durum product. After a 20 minutes of cooking all of the CP 

treatments demonstrated pasta loss less than that of the SP but were not significantly 

different from each other. 

Previous pasta supplementation work suggested that the cooking loss results would 

have been the opposite of what was found. For example, increasing the content of corn 

distillers' dried grain caused an increase in cooking loss of durum pasta (Wu et al., 1987). 

Similarly, Haber et al., 1978 reported that the addition of several soybean products and 

cottonseed meal caused an increase in the cooking loss of soft wheat pasta. Buck, 1987 

found similar results using soy fortified pasta based on semolina. It is generally agreed that 
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cooking loss is primarily starch (Molina et al., 1982). As was previously mentioned, the 

concentration of protein, after cooking the CP in this study, appears related to this loss of 

starch. Involved in cowpeas ability to either reduce losses or prevent the typical increase in 

sample loss may be the high temperature exposure the pasta received during its drying. Heat 

treatment for 2 hours at 90°C has been show to reduce the cooking losses incurred by 

durum pasta supplemented with maize (Mestres et al., 1990). The addition of cowpea to SP 

results in a greater amount of protein, which during the drying process may have become 

denatured and decreased starch loss by trapping it in a protein matrix. 

Table 12. Characteristics of pasta cooked for 10 and 20 minutes1. 

Sample2 
Cooked Weight ( g )  Cooking Loss ( % )  

Sample2 

10 Minutes 20 Minutes 10 Minutes 20 Minutes 

100% DS 23.1 ± 0.3" 29.4 ± 0.5" 5.3 ± 0.3" 7.3 ± 0.2" 

100% SF 29.5 ± 0.5" 37.6 ± 0.3" 10.0 ± 0.1" 13.0 ± 0.4b 

10% SF 
90% CM 29.4 ± 0.9" 38.4 ± 0.6" 9.2 ± 0.4C 10.9 ± 0.3C 

20% SF 
80% CM 29.4 ± 0.6" 37.5 ± 0.8" 8.6 ± 0.3d 10.5 ± 0.4C 

30% SF 
70% CM 26.2 ± 0.5C 35.2 ± 0.1c 8.0 ± 0.2® 10.5 ± 0.4C 

'All values are means of three trials with their standard deviation. Within a row values with 
different subscripts are significantly different (p < 0.05). 

2DS = durum semolina, SF = soft wheat flour, CM = cowpea meal. 
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In conclusion, the questions this study sought to answer will be discussed. 

1. Can pasta be produced from soft wheat and cowpea. 

Using a home pasta maker or laboratory pasta extruder up to 30% cowpea can be 

used in soft wheat pasta with no processing difficulties. 

2. Compared to soft wheat is pasta made from soft wheat and cowpea nutritionally 

superior? 

Considering total protein, essential amino acid content, and available lysine the 

supplemented products were all nutritionally superior to the soft wheat pasta. 

Supplementation with 20 and 30% cowpea also provided more digestible protein than the 

soft wheat pasta. Additionally, trypsin inhibitor activity was found to be of little 

consequence and the kilocalorie content was reduced by only 2.5% with the increase in 

fiber from the cowpea. 

3. Is the cooking quality of pasta produced from soft wheat and cowpea superior or inferior 

compared to soft wheat pasta? 

All studies indicated that the supplemented pasta performed at least equal to the soft 

wheat pasta and in several instances was superior. Decreases in cooking losses and improved 

color were the most dramatic changes recorded. 



60 

4. Is soft wheat pasta supplemented with cowpea acceptable to consumers? 

Based on statistics consumers found the supplemented pasta as acceptable as the 

100% wheat pastas. Turning to the consumers comments however, a somewhat different 

answer to this question was found. That is, people from areas unaccustomed to cowpea 

found the supplemented products undesirable while those familiar with this legume 

responded with only positive comments. To satisfactorily answer this question sensory work 

in areas targeted to contain potential consumers of this product would have to be 

performed. 



PLEASE AHSWER THE fOLLOUIHG QUESIIOHS: 

HAHE: BOOTH #: OAIE: 

SEX: M( ) F( ) COUNTRY OF ORIGIH: 

OO YOU GENERALLY LIKE PASTA? 

PLEASE TASTE THESE SAHPLES AMD CHECK HOW MUCH YOU LIKE OR DISLIKE 
EACH ONE rjZJ . CHECK ONE PER SAHPLE. 

462 149 535 296 

LIKE VERY MUCH 
LIKE 
MODERATELY 
LIKE SLIGHTLY 
NEITHER LIKE 
NOR DISLIKE 
DISLIKE SLIGHTLY 
DISLIKE 
MODERATELY 
DISLIKE 
VERY HUCH 

LIKE VERY HUCH 
LIKE 
HODERATELY 
LIKE SLIGHTLY 
NEITHER LIKE 
NOR DISLIKE 
DISLIKE SLIGHTLY 
DISLIKE 
HODERATELY 
DISLIKE 
VERY HUCH 

LIKE VERY HUCH 
LIKE 
HODERATELY 
LIKE SLIGHTLY 
NEITHER LIKE 
NOR DISLIKE 
DISLIKE SLIGHTLY 
DISLIKE 
HODERATELY 
DISLIKE 
VERY HUCH 

LIKE VERY HUCH 
LIKE 
HODERATELY 
LIKE SLIGHTLY 
NEITHER LIKE 
NOR DISLIKE 
DISLIKE SLIGHTLY 
DISLIKE 
HODERATELY 
DISLIKE 
VERY HUCH 

LIKE VERY HUCH 
LIKE 
HODERATELY 
LIKE SLIGHTLY 
NEITHER LIKE 
UOR DISLIKE 
DISLIKE SLIGHT!.-,' 
DISLIKE 
HODERATELY 
DISLIKE 
VERY HUCH 

Comments: 
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