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ABSTRACT 

Cowpea (Vigna unguiculata) seed, flour and a protein~rich product 

(AP) were prepared by a dry process involving pin milling and air 

classification. A protein-rich product (DP) was also produced by slurry 

centrifugation and drum drying (wet process). The four products were 

used in storage studies at 64 or 79% equilibrium relative humidity (ERH) 

and 37°C for 6 months. 

Scanning electron and light microscopy showed protein particles 

and starch granules in the dry process products. Drum-dried DP appeared 

as structureless flakes. Dry processing concentrated the lipid and ash 

with the protein-rich fraction. The wet method reduced the quantity of 

free lipid in DP, (extractable with nonpolar diethyl ether}. A polar 

solvent (chloroform/methanol, 2:1) removed substantial bound lipids from 

OP, the flour and AP. Linolenic and linoleic acids,. determined by gas 

liquid chromatography (GLC), represented over 60% of the total fatty 

acids (FA) of cowpea. lipids. 

Before storage, the amino acid composition of the cowpea products 

exhibited a deficiency in methionine plus cystine and high lysine, 

compared to the FAO/WHO (1973) reference protein. The available lysine 

determined by the fluorodinitrobenzene method ranged from 94.4% to 98.5% 

in the cowpea products. 

The functional properties evaluated in the cowpea products were 

nitrogen solubility, water hydration capacity (WHC), oil absorption, oil 

emulsification and foaming. Before storage the functional properties of 

the flour and AP compared favorably with those of soy products. The OP 

had the lowest nitrogen solubility, oil emulsification and foaming 

iii 



properties but was highest in ~\JHC and oi 1 absorption among the cowpea 

products. 

During the storage trials, the moisture content of the cowpea 

products and the ERH remained relatively stable at 64% ERH, both 

increased at 79% ERH. 

Storage at 64% ERH significantly decreased (~< 0.05) the aerobic 

plate counts (APC), yeast and mold counts and bacterial spore counts of 

the cowpea products. At 79% ERH the APC and yeast and mold counts of 

the seed significantly increased. Bacterial spores decreased. All 

microbial populations of the flour and AP initially decreased at 79% ERH, 

then increased beyond 2 to 4 months in storage. ~1i crobi a 1 numbers 

decreased in DP throughout storage at 79% ERH but mold growth must have 

occurred since mycelium was present in the sample after 6 months of 

storage. The bacteria i so 1 a ted from· the stored products be 1 onged to the 

genus Bacillus. Aspergillus~,~- amstelodami and~- chevalieri 

were the molds isolated from the products. Al·l the stored products 

contained no aflatoxin. 

Lipid hydrolysis occurred in the seed, flour and AP stored at 

64% and 79% ERH, as indicated by the increase in free fatty acids ( FFA) 

and fat acidity. Losses later occurred in the polyunsaturated and 

saturated FFA of the flour and AP stored at 79% ERH. The decline in FFA 

corresponded with a decrease in fat acidity and an increase in the pH. 

The DP was remarkably stable to lipid hydrolysis at both storage 

conditions, as supported by the low levels of FFA and fat acidity. 

Losses in the po 1 yenoi c acids of the seed, flour and AP at the 

two storage conditions were attributed to oxidation. Decreases in the 

saturated FA of the products at the high ERH were partly attributed to 
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mold metabolism. The high 1 i poxygenase activities in the dry process 

products~ supported the hypothests of lipid oxidation. Increases in 

the total carbonyls determined by the thiobarbituric acid (TBA) assay 

was additional evidence of lipid oxidation of the seed, flour and AP 

during storage. Total carbonyls decreased during later stages of 

storage. The total FA of DP were stable to lipid oxidation. These 

results were consistent with the low TBA values and the lack of 

lipoxygenase in this product .. 

Total lysine decreased in the cowpea products stored at 79% ERH 

for 6 months, particularly in DP. Available lysine was also lower in 

the stored products especially in DP. Methionine, cystine, arginine 

and glutamic acid decreased in some of the stored samples. 

The functional properties of the flour and AP either remained 

unchanged or were improved after 6 months of storage at 64% ERH. 

Storage at 79% ERH reduced functi ona 1 i ty of the products. Both conditions 

of storage were detrimental to the functional properties of DP. 

The color of the dry process products remained relatively unaltered 

under storage at 64% ~RH, but darkened at 79% ERH. Darkening was 

pronounced in DP at both conditions of storage. 

A taste panel detected significant differences (P< 0.05) between 

the flavor of the products stored at 64% ERH for 6 months and their 

control samples. Legume and bitter were the dominant flavors of the dry 

process products while toasted and nutty predominated in DP. 
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1. INTRODUCTION 

The world food supply, particularly of proteins, is precarious. 

Increased regional shortages are anticipated if the world oopulation 

continues to increase as predicted. Large sections in the developing 

countries already suffer from chronic and acute effects of protein

calorie malnutrition both in quality and quantity. More food proteins 

from both conventional and unconventional sources are therefore needed 

to meet present and future demands. 

Proteins of plant origin constitute over 80 percent of all the 

protein consumed in developing countries. Cereals provide over 60 

percent of all the plant proteins and grain legumes; oil seeds and nuts 

provide about 17 percent. Legumes contain relatively high levels of 

lysine, but are low in sulfur amino acids. Legumes are, therefore, 

suitable supplements for cereals which are low in lysine and high in 

the sulfur amino acids. 

The main method of increasing the food supply has been through the 

promotion of cereal production. Great progress has been achieved in 

this area as attested to by the "Green Revol ution 11 in many countries. 

Research on legume improvement, on the other hand, has been seriously 

neglected for many years, despite the fact that legumes contain about 

double the protein found in cereals. 

Recently, the concerned agencies of the United Nations ( FAO/WHO) 

have devoted much attention to the role that increased production and 

utilization of legumes might play in alleviating the protein-calorie 

malnutrition in developing countries. In 1973, the Protein Advisory 

Group (PAG) recommended urgent research on six major species of food 
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legumes including cowpeas (Vigna unguiculata). 

Cowpeas are one of the legumes most widely cultivated in the 

tropics and subhumid regions of Africa - regions with a chronic protein 

shortage. Cowpeas contain over 20% protein and are low in trypsin 

inhibitor and hemagglutinins. A major cowpea breeding improvement 

program is already underway at the International Institute of Tropical 

Agriculture (I ITA) at Ibadan, Nigeria. For these reasons, cowpeas were 

selected as the legume to investigate in this thesis. 

Processing cowpeas into ready-to-use commodities such as flour and 

protein concentrates would provide the consumer with a variety of high

protein products for enriching various foods. ~1ethods have been 

developed by researchers to produce flours and protein concentrates from 

legumes (Kon et al., 1974; Molina et al., 1976). The Prairie Regional 

laboratory of the National Research Council of Canada in Saskatoon has 

developed a dry milling and protein concentrating process which has been 

uti 1 i zed for the commercia 1 production of pea f1 our, a pea protein-rich 

fraction and a pea starch-rich fraction. The process has been shown to 

be applicable to cowpeas. A slurry centrifugation method has also been 

used to prepare protein concentrates from peas (Anonymous, 1974) and 

cowpeas (Molina et al., 1976). The dry and wet processed products would 

be expected to have different physical and chemical properties. 

One objective of this stu-dy was to process cowpea seeds into 1 ) 

dry milled cowpea flour, 2) a dry milled protein-rich fraction and 3) a 

wet extraction, protein-rich fraction, and to compare their physical 

properties by light and scanning electron microscopy. Also, the chemical 

compositions of the products were compared. 

Storage-studies on cereal and soybean products show that, when 
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processed grains are stored under inadequate conditions, they undergo 

microbiological and enzymatic spoilage, deterioration in chemical and 

function a 1 properties and 1 oss of nutritive va 1 ue. Food uti 1 iza tion of 

the processed cowpea· products would be limited by poor storage conditions. 

Information on the storage stability of the cowpea products is lacking. 

Consequently, another objective of this study was to determine the effects 

of processing and storage on the mi crobi o 1 ogy, chemica 1 properties, 

nutritive va 1 ue, function a 1 and organa 1 epti c properties of the cowpea 

seed, the processed flour and the two protein-rich fractions. The four 

products were subjected to storage under simulated tropical storage 

conditions for 6 months. Storage conditions of 64% equi 1 i bri urn relative humid

ity (ERH) or 79% ERH and 37°C were selected to represent moderate and 

severe storage conditions, respectively. 

The effects of storage on the microflora of the cowpea products were 

investigated by determination of the aerobic bacteria, yeast and mold 

and bacterial spores in the products during storage. The main genera of 

bacteria and species of molds were identified. The presence of mycotoxins 

from mold growth was investigated by analyzing for aflatoxin. 

Undesirable flavor in stored legumes is caused by enzymatic 

oxidation of unsaturated lipids and subsequent breakdown of the resulting 

hydroperoxi des into a variety of carbonyl compounds and pigments {Litman 

and Numrych, 1978). Enzymatic hydrolysis of cereal lipids has been shown 

to result in increased free fatty acids and sourness (Zeleny, 1954). 

Hydrolytic changes are accelerated by mold growth because of their high 

lipolytic activity (Pomeranz, 1974). Research has not been done on 

changes occurring in cowpea lipids during storage. Thus the effects of 

storage on the chemical properties were investigated by evaluation of 



·lipid deterioration during storage. Peroxide value and thiobarbituric 

acid value (TBA) assays were used to monitor the progress of oxidation. 

The composition of both the total and free fatty acids of the products 

were estimated using gas-liquid chromatography (GLC). Fat acidity was 

a 1 so determined by ti tra ti on. 

The amino acid composition and the biological availability of the 

amino acids determine the final nutritive value of proteins. legumes are 

high in the essential amino acid lysine, but are low in the essential 

sulfur-containing amino acids. Lysine and the sulfur amino acids have 

been reported to be the amino acids most susceptible to destruction during 

storage, thereby becoming unavailable. The effect of storage on the 

nutritive value of the cowpea products was assessed by determining the 

amino acid composition of the products before and after storage. 

Determination of available lysine before and after storage was carried out 

to ascertain if changes occurred in the availability of the amino acids 

during storage. 

New protein products should possess functional attributes and 

consumer appeal suitable for utilization in a variety of foods. The 

functional properties evaluated in both the control and stored cowpea 

products were nitrogen so 1 ubi 1 i ty profi 1 e, water hydration capacity (WHC), 

oil emulsification, oil absorption and foaming properties. Appeal was 

assessed by measuring color before and during storage using the Hunterlab 

Color and Color difference meter. A taste panel evaluation was also 

conducted on the samples stored at 64% ERH for 6 months to detect any 

changes in flavor and to identify the major flavors after storage. 
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2. LITERATURE REVIEW 

2.1 Production and utilization of legumes 

Food legumes belong to the family Leguminosae and are predominantly 

found in the subfamily Papilionaceae which is widely distributed in 

tropical and temperate climates. 

Cowpeas (Vigna unguiculata), also known as black-eyed peas, southern 

peas or kaffir beans, are a major food legume in the tropics. Cowpeas 

appear to have originated in West Africa, but they are grown extensively 

throughout tropical Africa, South Africa, India, southern Asia, Australia,· 

the Caribbean, areas of South and Central America, and the southern 

United States (Rachie and Roberts, 1974). Cowpeas rank third among the 

legumes grown in Africa (Table 2.1). 

In terms of total production, groundnuts (Arachis hypogeae) are the 

most commonly grown legume in Africa followed by dry beans (Phaseolus 

vulgaris). Since groundnuts are grown mainly for export (Rachie, 1975), 

cowpeas and dry beans, which are mainly consumed locally, are more 

important than groundnuts in terms of local nutrition. The importance of 

cowpeas in the African diet is emphasized by the fact that over 91% of 

the total world cowpea production is grown in Africa. Other major legumes 

in Africa inc 1 ude dry broad beans (Vi cia faba), chick peas ( Cicer 

arietinum), dry peas (Pisum sativum), soybeans (Glycine~) c1nd pigeon 

peas (Cajanus cajan). 

The production and utilization of cowpeas and other legumes is 

limited by several factors which include susceptibility to diseases and 

pests, a narrow range of genetic diversity, inefficient plant types and 

low yielding potential (Rachie and Roberts, 1974). These problems are 
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Tab 1 e 2. 1 Production of grain legumes in Africa (1000 metric tons) 

1973 1974 1975 

Groundnuts {Arachis hypo9aea) 4057 (23.7)a 5346 ( 30.7) 5116 (26.8) 

Dry beans (Phaseo1us vulgaris) 1235 (9.9) 1242 (9.9} 1310 (9.9) 

Cowpeas (Vigna unguiculata} 908 {91.2) 983 ( 91 . 4) 1003 {91.4) 

Dry broad beans (Vicia faba) 696 (11.9) 814 (13.2) 688 ( 10.9) 

Chickpeas (Cicer arietinum) 384 ( 6. 1 ) 465 (7.7) 364 (6.3) 

Dry peas (Pisum sativum) 225 ( 1 . 9} 310 (2.4) 294 (2.8) 

Soybeans (Glycine ~) 77 ( 0. 1 ) 94 (0.2) 96 ( 0. 1 ) 

Pigeon peas (Cajanus cajan) 70 (3.4) 70 (4.5) 70 (3.6} 

a % of total world production. 

Source: FAO Production Yearbook Vol. 29, Rome, 1976. 
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·frequently intensified by prevailing conditions of depleted soils and 

unfavorable climatic conditions (Rachie, 1975). 

Legumes are commonly utilized as whole, husked, or unhusked cooked 

seeds (Siegel and Fawcett, 1976), although other forms may also be 

consumed. The edible forms of cowpeas comprise of the tender green 

shoots and leaves, unripe whole pods, green peas and dry seeds (Rachie 

and Roberts, 1974). The dry seeds represent one of the 1 east expensive, 

most easily stored and transported, non processed, protein-rich food for 

both rural and urban utilization. Most frequently, cowpeas are cooked 

together with vegetables, spices, and other ingredients to make a soup 

or gruel, which is eaten with cereals, yams, plantains or other staples 

(Rachie and Roberts, 1974). Decorticated cowpea flour is used to prepare 

deep-fried cakes (akara balls) or steamed bean cakes (moin-moin in Nigeria) .. 

2. 2 Legume seed structure, composition and nutritive va 1 ue 

Information on the cell structure of legume seeds, localization of 

chemica 1 constituents in the ce 11 s and chemica 1 composition of s peci fi c 

tissues is a prerequisite for the explanation of physical and chemical 

changes taking place in the seed during mechanical, thermal, chemical and 

enzymatic processes (Powrie et al., 1960). 

2.2.1 Structure 

Sefa-Dedeh et al. (1978) and Sefa-Dedeh and Stanley (1979 a,b) 

studied the anatomic characteristics of several cowpea varieties. The 

external characteristics comprised of a smooth or rough seed coat which 

varied in color, an elliptical hilum (2.1 to 3.0 mm) and a micropyle. 

The seed coat was composed of an cutler layer of cuticle under which lay 
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pa 1 i sa de ce 11 s of different thickness and shape. The cotyledons, 

representing the major part of the seed, comprised of parenchyma cells 

(60 to 100 ~m) which contained elliptical starch granules (10 to 27 ~m) 

and protein bodies (3 to 6 ~m). The parenchymatous cells of the 

cotyledon were bound by a distinct cell wall and middle lamella. In 

addition to the parenchymatous cells, vascular bundles composed of 

closely packed cells were scattered throughout the cotyledons. 

2.2.2 Composition 

Singh et al. (1968) examined six Indian legumes which consisted of 

8.6 to 15.5% seed coat, 83.0 to 90.4% cotyledons and 1.0 to 2.3% 

hypocotyl plus epicotyl. Similar proportions were reported fo; soybeans 

(Wolf and Cowan, 1975). The legumes studied by Singh et al. (1968) had 

similar chemical compositions in their corresponding parts. Table 2.2 

shows the chemical composition of cowpea seed components. The seed 

coat contained over 88% of the total crude fiber and about 40% of the 

calcium, but the other constituents were comparatively low. The 

hypocotyl plus epi cetyl fraction contained the highest protein, ether 

extract and ash, but being only 2.1% of the seed, it had an insignificant 

effect on the tota 1 composition of the cowpea. The cotyledons accounted 

for most of the-~. protein, ether extract, nitrogen-free extract (NFE), 

ash, phosphorus and iron. 

Protein is the most important component in food legumes. For 

cowpeas and a majority of the other legumes, protein represents over 

20% of the seed composition (FAO, 1972). The amino acid composition of 

cowpeas is similar to that of other legumes as illustrated by the 

comparison with field peas and soybeans in Table 2.3. The amino acids 



Table 2.2 Composition of cowpea seed components (dry basis) 

Component %By· weight .. % Ash % Protein % Ether % Crude % NFE Phosphorus Calcium Iron 
(N x 6.25) extract fiber mg/100 g mg/100 g mg/100 g 

Cotyledon 87.2 3.2 26.7 2.3 0.3 67.6 496 165 6.1 

Seed coat 10.6 3.2 10.7 0.9 25.8 59.4 89 853 11.6 

Hypocotyla 2. 1 4.4 44.1 9.8 1 . 6 40.1 829 368 20.7 

Whole seed 100 3.2 25.0 2. 1 3.1 66.7 459 243 6.9 
\.0 

aHypocotyl and epicotyl 

Source: Singh et al. (1968) 
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Table 2.3. Amino acid composition of food legumes 

Amino acid Cowpeasa 

Aspartic acid 12.7 

Threonine 4.5 

Serine 5.3 

Glutamic acid 19.2 

Proline 6.0 

Glycine 4.3 

Alanine 4.4 

Valine 5. 1 

Half cystine 1 . 8 

f;1ethi oni ne 1 . 2 

Isoleucine 4.8 

Leucine 7.7 

Tyrosine 3.0 

Phenylalanine 5.3 

Lysine 6.7 

Histidine 2.6 

Arginine 7.8 

Tryptophan 1 . 7 

a Onayemi and Potter {1976) 
b Anonymous {1974) 
c Methionine and cystine 
d Tyrosine and phenylalanine 

Field pea0 

11 . 9 

3.8 

4.6 

17.3 

4.0 

4.6 

4.6 

4.9 

1 . 1 

1 . 3 

4.4 

7.4 

3.3 

4.9 

7.7 

2.5 

9.2 

1 . 3 

(g/16g sample N) 

Soybeanb FAO/HHO ( 1973) 

11.6 

4.2 4.0 

5.5 

18.4 

5.2 

4.2 

4.3 

4.9 5.0 

1 . 2 3 ,..c .:> 
1. 4 

4.6 4.0 

7.6 7.0 

3.7 
6.Qd 

5.3 

6.4 5.5 

2.9 

8.0 

1 . 4 1 . 0 
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present in the highest quantity are glutamic acid, followed by aspartic 

acid, arginine, leucine and lysine. The sulfur amino acids methionine 

and cystine are deficient in cowpeas and other legumes compared with the 

FAO recorm1ended pattern (FAO/WHO 1973). The high lysine and low sulfur 

amino acids make legumes suitable supplements for cereals which are high 

in sulfur amino acids but low in lysine. 

The lipid composition of nonoil seed legumes has not been. 

extensively investigated (Korytnyk and t4etzler, 1963; Exler et al., 1977). 

Takayama et al. (1965) and Mahadevappa and Raina (1978) fractionated a 

number of legume lipids into neutral and phospholipid components. Cowpea 

lipids comprised 42% of triglycerides and about 30% phospholipids 

(Takayama et al., 1965). According to Mahadevappa and Raina (1978), 

cowpea lipids consisted of 46.9% neutral lipids, 36.8% phospholipids and 

9.0% glycolipids. The neutral lipids contained 83.3% glycerides,- free 

fatty acids and hydrocarbons, 13.9% sterols and 2.8% esterified sterols. 

Mahadevappa and Raina ( 1978) found no difference in the fatty acid 

composition of the neutral lipids and phospholipids of several legume 

seeds, but Takayama et al. (1965) had found about 50% more palmitic acid 

in the phospholipids than in the neutral lipids. Exler et al. (1977) 

summarized the information on the fatty acid composition of important 

food legumes as shown in Table 2.4. In cowpeas, linoleic acid was present 

in the highest quantity followed by palmitic and linolenic acids. Small 

amounts of arachidic and behenic acids were also present. Traces of 

myristic, pentadecanoic and heptadecanoic acids were found in cowpeas by 

Korytnyk and Metzler (1963), Takayama et al. (1965) and Rhee and Watts 

(1966c). Linoleic, palmitic, linolenic and oleic acids predominated in all 

the legumes and were followed by small quantities of stearic acid (Table 

2.4). 



Table 2.4 Fatty acid composition of some important leguminous seeds (g/100g sample} 

Legume 

Cowpeas (Vigna unguiculata) 

Broad beans (Vicia faba) ----
Chick peas (Cicer arietinum) 

Total 

1 ipid 

1. 93 

1.60 
4.99 

Dry beans (Phaseolus vulgaris) 1.48 

Lentils (Lens culinaris) 1. 17 
Lima beans (Phaseolus lunatus) 1.41 
Dry peas (Pisum sativum) 2.40 

a 20:0 0.03; 22:0 = 0.06 
b20:0 
c 20:0 0.01; 20:1 =0.01 
d14:0 

Source~ Exler et al. (1977) 

Fatty acid 

16:0 18:0 18:1 18:2 

0.43 0.06 0.10 0.49 

0.18 0.03 0.32 0.65 
0.46 0.06 1.09 2.16 
0.16 0.02 0. 11 0. 31 

0.15 0.01 0.19 0.43 
0.28 0.03 0.13 0.44 
0.31 0.05 0.37 0.87 

Total Total 

saturated unsaturated 

18:3 Other fatty acids fatty acids 

0.33 0.09a 0.58 0.92 

0.05 0.01b 0.22 1. 02 
0.10 0.52 3.35 

0.55 0.18 0.97 

0.10 0.02c 0.17 0. 73 

0.21 0.31 0. 78 

0.16 0.01d 0.37 l . 41 

__, 
N 
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A comparison of the relative amounts of fatty acids showed that 

the polyunsaturated fatty acids linoleic and linolenic acids represented 

53.2 to 59.7% of the total fatty acids in cowpeas (Korytnyk and Metzler, 

1963; Mahadevappa and Raina, 1978). In several legumes analyzed by 

these authors, linoleic and linolenic acids represented 53.2 to 77.5% of 

the tot a 1 fa tty acids. Lipids with a high proportion of unsaturated 

fatty acids are potentially susceptible to oxidation (Lillard, 1978). 

2.2.3 Nutritive value 

Grain legumes provide a low cost concentrated form of protein for 

human nutrition. Much effort has, therefore, been made to evaluate the 

protein quality of legumes. The primary aspect of protein quality in 

legumes is the amino acid composition relative to the FAO reference 

patterns: The secondary consideration is the digestibility and 

presence of antinutritional factors (Boulter et al., 1976). Numerous 

studies have demonstrated that legumes are normally deficient in the 

sulfur amino acids methionine plus cystine (Sarwar et al., 1977; Bressani 

et al., 1961; Molina et al. 1976; Evans and Bandemer, 1967; Onayemi and 

Potter, 1976). Bressani et al. (1961) reported leucine as the second

limiting amino acid and tryptophan as the third-limiting amino acid in 

six South American legumes including cowpeas. Isoleucine and tryptophan 

levels were found to be low in cowpeas (Bliss, 1975). 

Some uncooked legumes have poor digestability (Table 2.5), which has 

been attributed to anti nutritional factors such as trypsin inhibitors, 

hemagglutinins, goiterogenic agents and cyanogenic g1ucosides (Liener, 

1973, 1976). The digestibility of several legumes is improved by heat 

treatment (Table 2.5), but some legumes show no beneficial effect 
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Table 2.5. Effect of heat on the digestibility of legumes 

Legume Trypsin inhibi+or Digestibility % 
activity x 10-4 units/g Raw Heated in raw seed 

Cowpeas 
(Vigna unguiculata) 1 . 91 79.0 82.6 

Hyacinth beans 
(Dolichos lablab) 4.38 56.5 81.6 

Soybeans 
( Glycine max) 4.15 70.1 85.4 

Lima beans 
( Phaseo 1 us 1 una tus) 4.04 34.0 51.3 

Pigeon peas 
( Caj anus caj an) 2.77 59.1 59.9 

Kidney beans 
(Phaseo1us vulgaris) 4.25 56.0 79.5 

Lentils 
(lens esculenta) 1. 78 88.3 92.6 

Source: l iener (1976). 
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(Borchers and Arkerson, 1950; Liener, 1976). According to Kakade and 

Evans (1966), soaking navy beans (Phaseolus vulgaris) destroyed about 

28% of the trypsin inhibitor activity and 75% of the hemagglutinin 

activity. 

2.3 Processing of legumes 

2.3.1 Traditional flour processing in developing countries 

Historically, the soaking, dehulling and milling of food legumes in 

developing countries has been done in the home by women as part of meal 

preparation. These traditional processing methods are time consuming, 

laborious and inefficient(Dolvo et al., 1976). Traditional dehulling 

is accomplished by a wet method, a dry method or a combination of the 

two. According to Dovlo et a1. (1976), the wet dehulling of cowpeas 

involves soaking the seeds in water, followed by hand rubbing, then 

grinding on a stone or pounding using a mortar and pestle to loosen the 

seed coats. The seeds may then be dried before milling into flour. 

Dry processing involves dehulling the grain with a stone or a mortar 

and pestle, followed by winnowing to remove the seed coats. 

For the combined dry and wet method the grain is cracked with a 

stone; the seed coat is removed by winnowing, and the grain fragments 

are soaked in water to loosen and float the remaining parts of the seecl 

coat (Dovlo et al., 1976). Siegel and Fawcett (1976) reported legume 

dehulling methods which involved roasting, toasting or parching to 

facilitate seed coat removal. Dehulled legumes were made into flour by 

either hand-grinding or milling on small commercial plate mills. 
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The traditional processing procedures for legumes accomplish a 

number of purposes including the elimination of toxic substances and 

antinutrients, removal of the seed coat and softening the cotyledons. 

2.3.2 Improved flour processing 

The improved methods for decorticating and milling legumes utilize 

simple mechanical systems for dehulling, removing the hull and milling 

into flour (Siegel and Fawcett, 1976). These processes minimize the 

waste and drudgery of the traditional methods. Reichert and Youngs 

(1976) compared the relative efficiency of an attrition-type mill, the 

Palyi compact mill and two abrasive units; namely a laboratory scale 

Strong-Scott barley pearler and the George 0. Hill grain thresher. The 

Hill grain thresher was the most efficient for 11 Village scale 11 milling 

of millet and sorghum on the basis of color removal, kernel cracking and 

throughput. Reichert et al. (1979} also recommended the Hill grain 

thresher for dehulling cowpeas and similar g~ains, because of its ver

satility, adequacy of size, simplicity for .. village scaleu operation 

and low maintenance requirements. Watson et al. (1975) reported produc

tion of fababean flour by first breaking the bean into fragments and 

then milling the broken beans in a Buhler MLU 202 Experimental Mill. A 

flour yield of 75.9% was obtained and considered acceptable. According 

to Seigel and Fawcett (1976), a mechanical dehulling system capable of 

removing 99.5% of the husk by a single pass was developed at the Central 

Food Technological Research Institute in Mysore, India. 
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2.3.3 Dry processing of ~he protein-rich fraction 

Dry separation of legume flour into a protein-rich fraction and a 

starch-rich fraction was investigated in field peas (Anonymous, 1974), 

field peas and fababeans (Vase et al ., 1976) and ten legume species 

(Sosulski and Youngs, 1979). The dry concentration of legume protein and 

starch is illustrated by the schematic flowsheet for dry processing of 

field peas (Figure 2.1). According to Youngs (1975), whole or dehulled 

legume seeds are ground to less than 325 mesh in a pin mill. The pin

milled flour is then classified in a spiral airstream with a cut point of 

about 800 mesh or 15 microns between the fine and coarse particles. 

Starting with field pea flour of 23% protein, a yield of 35% protein-rich 

fraction was obtained (Anonymous, 1974). Vase et al. (1976) obtained over 

42% of the protein-rich fractions from field peas originally containing 

25.7% protein and from fababeans with 27.9% protein. The protein-rich 

fractions contained 60 to 69% protein. Most of the lipid and ash was 
.. 

reported to separate with the protein fraction, while tha crude fiber 

segregated with the starch (Vase et al., 1976; Sosulski and Youngs, 1979). 

Advantages of the dry processing procedure include relatively low 

capital and labor requirements and the elimination of costly effluent 

disposal of wet processing (Vase et al ., 1976). The authors also stated 

that sanitation problems were minimal. 

2.3.4 Wet processing of the protein-rich fraction 

A process for the wet processing of field peas was developed at the 

Prairie Regional Laboratory, Saskatoon (Anonymous, 1974). Figure 2.2 shows 

the schematic flowsheet for the wet processing of field peas as described 

by (Anonymous, 1974; Youngs, 1975). According to the authors, whole or 
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19 

C tNTRlFUGS: 

® 
@ tOO U$. WM0U: PE:A$ (2!..., PtltOTttHt 

@ IQO l.8S. ~A '1..0Uft !Zt .... PftOTtiM) 

@ I t..S. t..tt.IC 

@ n.5 t..IS. ~ STAacM f6"!ro ..r01'e1Nl 

® SOC) 1.,85. W&f(;ft. 

® 100 t.SS. waSM w&ft:lt. S~~a.: :::T:~Tt:IN. 

1 
© 

® 
® 
CD 
® 
(0 
® 

l~~ =:Tf.~JN 4]3 U$. WA"(R. 

l~ ~~ ;:,::,TtlH 43:$ !.IS. W&T(R. 

"; 1'f:: ~TiT:<" i"'l I.JS. WAftR: 

OR IEM 

1 
® 

ll LIS. P(;A H!OT!JN UNO(MAt\ttt(J) ItO% """'T£1Ht 

33 utS. ..:A Jl"OTtiH• SM(£1'1 Oft P'I., . .U;£$ 
I 60% PROT£11111 

$7 I.AS. Pt:A STA..CM {18"4 J111t01'(1Ht 

Fig. 2.2 Schematic flowsheet for wet processing of field peas. 
Source: Youngs (1975). 



20 

dehulled peas are gro~nd to a fine flour in a pin mill and one part flour 

slurried with five parts of water. Lime is added to the slurry to raise 

the pH to 9. The slurry is centrifuged to yield a high protein supernatant 

and starch solids. The entire supernatant is spray or drum dried to yield 

a protein-rich fraction containing 60% protein. The starch fraction 

containing 6% protein may be reslurried again and centrifuged to yield 

starch solids with about 2% protein. 

Wet processing, involving the isoelectric point precipitation of 

protein, was used to prepare protein-rich fractions (66 to 70% protein) 

and high-starch fractions from cowpeas (Molina et al ., 1976). According to 

these authors, the isolectric point precipitation process also yielded 

protein-rich fractions and high-starch fractions from mungo beans and jack 

beans. 

When drum drying is the method of drying, the protein is denatured. 

Drum drying may be an advantage or disadvantage depending on the intended 

end use. The slurry process produces a bland product compared with the dry 

process (Youngs, 1975). The wet processing procedure may also modify 

chemical, physical and functional properties. When the protein is precipi

tated at the isoelectric point, soluble sugars, salts and low molecular 

weight proteins are lost in the effluent (Youngs, 1975). According to the 

author, the main drawback of the slurry process is the high cost of drying 

and the problem of effluent disposal. 

2.4 Influence of equilibrium relative humidity (water activity) on food 

s tabi 1; tx 

2.4.1 Definition of equilibrium relative humidity 

The moisture 11 Condition 11 of food at a given temperature is described 

by the relationship between the moisture content of the food and the 
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corresponding equilibrium relative humidity (ERH) of the air around the 

food. The available water in food for microbiological, chemical and 

enzymatic reactions is also expresssed by the water activity (aw)(Troller, 

1980; Labuza, 1980). According to several authors (Labuza, 1968; Rockland 

and Nishi, 1980) a is the ratio of the vapor pressure of water in food w 

(P) divided by the vapor pressure of pure water at the same temperature 

( p ) . 
0 . 

a = P w -. 
p 

0 

Water activity and ERH are related by the expression ERH = aw x 100 (deMan, 

1976). The two terms are used interchangeably when describing water 

relations in foods. Water activity is often derived from ERH since ERH is 

simpie and convenient to measure. 

2.4.2 Moisture sorption isotherms 

The relationship between the moisture content of a product and aw is 

described by sigmoid curves called moisture sorption (MS) isotherms 

(Rockland, 1969; Troller and Christian, 1978). The sigmoid shape of the MS 

isotherm has been attributed to qualitative differences in the affinity 

of water for hygroscopic solids {Rockland, 1969). 

The MS isotherms of several foods exhibited a hysteresis loop 

(Figure 2.3) depending on whether the MS isotherms were obtained by water 

absorption or water desorption (Bushuk and Winkler, 1957; Becker and 

Sallans, 1956; Wolf et al., 1972). Isothermal dehydration of natural 

products often resulted in a higher moisture content at a given aw than 

isothermal rehydration of completely dried material. Rockland (1969) and 

Troller and Christian (1978) suggested that molecular shrinkage during 
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aw 

Fig. 2.3 Generalized water sorption isotherm showing a hysteresis loop. 
Source: Labuza et al. (1970). 
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desorption reduced the availability of sorptive sites on absorbent sur

faces. Since adsorption and desorption processes are not fully reversible, 

a distinction should be made between the adsorption and desorption 

isotherms. 

2.4.3 Equilibrium relative humidity and food stability 

Knowledge of how aw or ERH affects food stability is essential in 

order to understand the chemical, enzymatic and microbiological changes 

that occur during storage. Labuza et al. (1972) used a chemical 11 Stabi1ity 

map" to relate aw and the microbiological, enzymatic and chemical reaction 

rates of foods. The extended and revised version of the 11 map" by Fennema 

(1976} appears in Figure 2.4. Zone I, lying between 0 and 0.25 aw, corres

ponds to the monolayer region of frozen, hydrate, localized polar site 

or bound oriented water (Labuza et al., 1970; Rockland and Nishi, 1980). 

In this region, food is microbiologically stable, but highly susceptible 

to autoxidation. 

Zone II, lying between 0.25 and 0.8 a ,corresponds to the multilayer w 

region, chemiabsorbed and extending to where the isotherm shows a rapid 

increase in moisture content. This region consists of water molecules 

hydrogen bonded by hydroxyl and amide groups. Foods generally exhibit 

optimum stability in the lower aw range of this region. In the upper range 

food deteriorates by lipid oxidation, nonenzymatic browning, hydrolytic 

reactions and enzymatic activity, but spoilage due to microorganisms is 

minimal (Labuza, 1980; Rockland and Nishi, 1980). Mossel and Ingram (1955), 

Scott (1957), Bone (1969} and Troller (1980) have noted that most 

bacterial growth important to food deterioration ceases at aw below 0.9 

(Figure 2.4). The lower limit of a for all microbial growth is summarized w 

in Table 2.6. 
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Fig. 2.4. Reaction rates in food as a function of water activity 
(generalized behavior at 20°C). Source: Fennema (1976). 
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Table 2.6 Approximate lower limits of water activity for microorganism 
growth 

Organism 

Nonna 1 bacteria 

Norma 1 yeast 

Norma 1 mo 1 ds 

Halophilic bacteria 

Xerophilic molds 

Osmophilic yeasts 

Source: Mossel and Ingram (1955). 

Minimum aw 

0.91 

0.88 

0.80 

0. 75 

0.65 

0.60 
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Normal yeasts cease growth below 0.88 aw and normal molds cease 

growth below 0.80 aw. Osmophilic yeasts and xerophilic molds grow ~t a 

lower aw. According to Labuza (1980) and Rockland and Nishi (1980}, food 

is stable to microbial growth below 0.60 a . w 

Zone III, lying between 0.8 and 1.0 aw (Figure 2.4), corresponds to 

a capillary condensation region in which water is free, mobile, con-

denses in the porous structure of the food and acts as a solvent for 

various solutes. In this region, microorganisms proliferate with bacteria 

dominating above 0.9 aw (Troller, 1980). The production of mycotoxins and 

bacterial toxins also takes place in the capillary condensation region 

(Troller, 1980). According to Troller (1980), the minimum a required for w 

the production of mycotoxins is considerably higher than the corresponding 

minimal aw for growth of many mycotoxigenic molds. 

Unfavorable enzyme reactions are also accelerated above 0.80 aw 

(Acker, 1969; Schwimmer, 1980). Chemical deterioration due to lipid 

oxidation, nonenzymatic browning and hydrolysis is also extensive above 

0.80 aw (Labuza et al ., 1970; Rockland and Nishi, 1980}. 

2.5 Microbiology of legume and cereal grains during storage 

2.5. 1 Source of microorganisms 

Fungi and bacteria in grain products are derived from the surface 

and interior of the parent grain, from the air and from contaminants such 

as soil and dust. Microorganisms are prevalent on or just beneath grain 

surfaces. Whole grain products, therefore, usually contain higher counts 

and more varied microflora than dehulled products or products processed to 

remove the pericarp with its external microflora and any mold mycelia 

underneath (Christensen, 1951; Semeniuk, 1954). 
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2.5.2 Types of microorganisms in stored grains 

~-1icroorganisms in freshly harvested grain comprise of a few thousand 

to millions of bacteria per gram and from none to several hundred thousand 

mold spores (Frazier, 1967; Bothast et al., 1974). 

According to Frazier (1967), bacteria are mostly in the families 

Pseudomonadaceae, Micrococcaceae, Lactobacillaceae and Bacillaceae. 

Bacteria in wheat flour include spores of Bacillus, coliform bacteria and 

a few representatives of the genera Achromobacter, Fl avobacteri urn, 

Sarcina, Micrococcus, Alcaligenes and Serratia. 

··Deterioration dueto bacteria is rarely encountered during prolonged 

storage of grains and flours because bacterial numbers normally decrease 

during storage (Frazier, 1967; Mossel, 1975). This decrease was first 

noted 50 years ago by Kent-Jones and Amos (1930). According to the 

authors, the original bacterial counts of patent flour (70,000 to 600,000/g) 

and straight new flour (120,000/g) decreased by over 50% during 26 days of 

storage. Storage for 70 days reduced bacteria 1 counts even further. Sumner 

et al. (1979) observed that increase in storage temperature from 21 to 30°C 

accelerated the rate of decrease in the aerobic plate counts of field 

peas. The initial count of 440,000/g decreased to less than 10,000/g in 

12 weeks at 30°C and in 52 weeks at 21°C. 

Fungi are a major cause of spoilage in stored grains and seeds and 

probably rank second only to insects as a cause of deterioration and loss 

in all kinds of stored products throughout the world (Peterson et al., 

1956; Christensen and Kaufmann, 1974). The storage fungi comprise 

of 10 to 15 group species of Aspergillus, of which only five or six are 

common until deterioration is fairly advanced, and several species of 
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Penicillium (Barton- Wright 1938; Christensen and Kaufmann, 1974; Christen

sen~ 1978). Storage fungi have the ability to grow in materials stored at 

70 to 90% ERH (Christensen and Kaufmann, 1974). The two group species 

consistently associated with beginning of or incipient deterioration have 

been Aspergillus restrictus and~ glaucus. Under storage conditions of 78 

to 80% ERH, ~ restrictus and ~ glaucus are the only species that could 

grow in wheat (Sorger-Domenigg et a1., 1955; Christensen, 1955, 1963; 

Papavizas and Christensen, 1958; Barton·Wright and Tomkins, 1940), barley 

(Tuite and Christensen, 1955) , soybean and corn { Mi 1 ner and Geddes, 1946). 

and pea seed (Fields and King, 1962). 

Christensen and Kaufmann (1974) reported the lower limits of 

moisture for fungal growth in corn, wheat, sorghum and soybeans as 12.0 to 

14.5% for~ restrictus and 12.5 to 15.0% for~ glaucus. When storage 

moisture contents are higher, ~ glaucus and~ r:estrictus almost 

invariably appear first (Bottomley et al., 1950, 1952; Tuite and Christen

sen, 1955; Christensen and Kaufmann, 1974). ~ candidus, ~ ochraceus and 

A. versicolor follow at moisture contents of 14.5 to 16.5%; ~ flavus at 

l7.0.to 19.5% and Penicillium at 16.0 to 19.5%. 

The metabolic activity of molds in stored grain may lead to a marked 

increase in the moisture content of seeds (Christensen and Kaufmann, 

1972}. The mold mycelium and some decomposition products are considerably 

more hygroscopic than the seeds themselves at the same RH (Milner and 

Geddes, 1946; 1954). The authors noted that when mold was excessive, the 

moisture content increased significantly in soybeansstored at constant 

ERH. Milner and Geddes (1946), Milner et al. (1947) and Christensen and 

Gordon (1948) stated that maintaining a uniform moisture content in grain 

on which molds are vigorously growing is extremely difficult, even when the 
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grain is ventilated with air at constant RH. If mold prolification is 

the primary cause of high respiratory and heating rates in grain, the 

movement of water vapor from heating zones to cool areas immediately 

above would increase the RH of the air in the cooler regions and promote 

mold growth (Milner and Geddes, 1945; Meronuck, 1979). iemperature vari

ations due to causes other than fungi would result in similar effects 

(Christensen, 1970; Mossel, 1975). As moisture content and RH increase, 

yeast and bacteria rapidly dominate, as they generally develop much 

faster than mold at high humidities (Mossel and Ingram, 1955). At mois

ture contents in equilibrium with 95% RH, bacterial growth becomes a 

problem (Christensen et al., 1949). 

2.5.3 Changes caused by microorganisms ~uring grain stora9e 

Molds are responsible for most of the heating and chemical deterior

ation of grains stored with excess moisture (Goodman and Christensen, 

1952; Christensen and Kaufmann, 1974; Borgstrom, 1976). 

High mold infestation of grains stored at 14 to 21% moisture' 

markedly increased loss of viability, germ damage, fat acidity, reducing 

sugars and decreased nonreducing sugars (Glass et al., 1959; Sorger

Domenigg et al ., (1955). According to Sorger-Domenigg et al. (1955) and 

Golubchuk et a1. (1956), once wheat has been invaded by storage molds, 

deterioration as measured by increase in fat acidity and germ damage 

continues even after the wheat has been dried to between 13 and 14% 

moisture. Increased fat acidity in moldy grains was attributed to the 

lipolytic activity of fungi (Heaton et al., 1978). ihe authors reported 

that lipase from Aspergillus flavus degraded coconut oil and cotton seed 

oil.~ amste1odami, ~ flavus, ~niger,~ repens, ~ ruber, a 
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Penicillium species and a Paecilomyces species caused large increases in 

free fatty acids when singly inoculated into cocoa beans (Hansen et al, 

1973}. Smith and Alford (1968} observed that 26 species of bacteria, 

molds and yeasts decomposed the hydroperoxides of rancid fat, but their 

activity on carbonyls varied. Some of the molds hydrolyzed low molecular 

weight triglycerides to fatty acids, which were converted to beta acids, 

then decarboxylated to methyl ketones. Hansen and Keeney (1970) obtained 

20 to 500% increases in carbonyl concentrations of moldy cocoa beans, and 

the free fatty acids of coconut oil were broken down into methyl ketones. 

Barton-Wright (1938}, Mitchell {1940} and Oaftary and Po~eranz (1965) 

obtained less lipids from mold-damaged grains than from sound samples. 

Daftary and Pomeranz (l96S) found that the decrease in lipids was largely 

from the polar fraction. Fluorescent compounds were reported in the ether 

extract of mold infested wheat (Daftary and Pomeranz, 1965). The major 

fluorescent products were isol·ated an~ identified as 4, 6, 8 (14), 22 -

ergostatetraen-3-one and its c24-ethyl analoq (Cooks et al., 1970). 

Mitchell (1940) reported a relative increase in the protein content 

of moldy corn after extended storage. A relative increase in the protein 

content was also demonstrated in moldy wheat after 4 months of storage at 

30°C (Daftary et al., 1970). The increase in protein was attributed to 

reduction in fat content (Mitchell, 1940) or carbohydrate metabolism 

(Pomeranz, 1974) by the grain and molds. 

2.5.4 Mycotoxins 

Concern about the spoilage of storage commodities by molds has 

increased with the realization that some species of mold produce toxic 

metabolites referred to as mycotoxins~ The widespread geographical 
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distribution of molds and their presence on stored grains makes myco

toxins a world-wide problem. Mossel (1970) summarized the major mycotoxi

genic molds and their clinical effects on various animal species. 

The current awareness of the toxicity of molds is due largely to 

outbreaks of disease caused by mycotoxins called aflatoxins. Aflatoxins 

are produced by Aspergillus flavus and the closely related species. ~· 

parasiticus (Pitt, 1975). The role played by aflatoxins in the death of 

turkeys in England in 1960, in hepatoma of trout in the U.S.A. in the same 

year and in various other disorders of animals is well known (Goldblatt, 

1969). 

The four most common afl a toxins, s1, s2, G1 and G2 were first 

isolated in 1963 (Goldblatt 1969, t~ilson and Hayes, 1973). Aflatoxin B1 
is the most frequent aflatoxin contaminant in man's food (Shank, 1976) 

and it is the most potent hepatocarcinogenic compound known in experimental 

animals (Detroy et al. 1971). Animals differ in sensitivity to 

poisoning by aflatoxin; rainbow trout and ducklings being the most 

sensitive. A ration containing less than 50 p.p.b. of aflatoxin, when 

consumed by rainbow trout or ducklings, will cause liver cancers (Christensen 

and Kaufmann, 1974). 

The main en vi ronmenta 1 factors that affect the production of afl a toxin 

are moisture and temperature. Christensen and Kaufmann (1974) stated that 

85% ERH or 18.5% moisture content is the minimum required for growth of~· 

flavus and production of aflatoxin in starch grains such as maize and 

wheat. Pitt ( 19 75) reported 92 and 99% ERH as the optimum conditions for 

aflatoxin production in peanuts. However, the author and Troller and 

Christian (1978) indicated cases where aflatoxin was produced in peanuts 

stored at 83 to 84% ERH. 
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According to Christensen and Kaufmann (1974), the minimum tempera

ture for aflatoxin production is 12°C, with about 27°C as the optimum and 

40°C as the maximum. The number of mold strains that produce the toxins 

varies with location (i.e. climate) and the type of natural substrate 

from which the strain is isolated {Shank, 1976). Diener and Davis (1969) 

reported that high carbohydrate substrates (wheat, rice} generally sup

port larger yields of aflatoxin than oil seeds such as soybeans. The 

authors suggested that oil is probably not readily metabolized by~ 

flavus. 

Other mycotoxins produced by molds during grain storage include 

ochratoxin and penicillic acid produced by~ ochraceus and Penicillium 

(Ayres, 1979; Troller and Christian, 1978). Ochratoxin produces fatty 

deposits in the liver and kidneys of animals. Penicillic acid is carcino

genic and may cause coma and convulsions in mice and guinea pigs. The 

occurence, toxicology, chemical properties and production of several other 

important mycotoxins were reviewed by Davis and Diener (1978). 

2. 6 Deterioration of grain 1 i pids during storage 

Vegetable oils and fats have natural antioxidants, but during 

storage they lose most of their natural stability and are subject to 

changes caused by autoxidation, hydrolysis, polymerization, pyrolysis and 

uptake of foreign flavors (Hoffman, 1962). 

2.6.1 Lipid oxidation 

Lipid oxidation during processing or storage constitutes a major 

cause of undesirable odors and flavors. It is also responsible for the 

destruction of essential fatty acids, aroma, flavor constituents, pigments 
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and vitamins in food products (Lea, 1962; Lillard, 1978; St. Angelo and 

Ory, 1972, 1975). 

Production of off-flavors by peroxidizing lipids is a problem 

associated with legumes and with soybean in particular. Off-flavors are 

one of the major deterrents to greater usage of legumes in food products 

(Sessa, 1979; Wilkens et al., 1967). Maga (1973) and Wolf (1975) 

proposed that intact soybeans are free of undesirable flavors and that the 

off-flavor compounds are generated by lipoxygenase-catalyzed oxidation of 

the oil as soon as cellular structure is broken. Rackis.et al. (1970) and 

Maga and Johnson (1972) observed that residual lipids in defatted soy 

flakes underwent further deterioration during processing and storage. 

Numerous researchers have attempted to i so 1 ate and identify the odorous 

secondary products of lipid oxidation in leg~mes, especially soybean. 

Aldehydes have received much attention because of their low flavor 

thresholds, which may be as low as parts per billion {Sessa and Rackis, 

1977; Gardner, 1979). The main products of lipid oxidation were reported 

as hexanal, hexanol, 2-hexenal, ethyl vinyl ketone and 2-pentyl furan, 

all of which were characterized as nbeany" or "grassy" (Wilkens and Lin, 

1970; Litman and Numrych, 1978). The breakdown products from 1 i pi d 

oxidation were also described as musty/stale, bitter, astringent, straw

like, cardboardy, oily, painty (Kalbrener et al ., 1974; Sessa and 

Pl a ttne r, 19 79) . 

The products of lipid oxidation participate in reactions which 

reduce the nutritive value of grains. According to Gardner (1979), Labuza 

et al. (1971) and Roubal and Tappel (1966a, b), lipid oxidation causes 

cross-linking reactions with proteins, resulting in the reduction of 

protein and enzyme solubility and biological availability. Karel et al. 

(1975), Matsushita and Kobayashi (1970) and Matsushita (1975) also 
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reported damage to proteins and enzymes by perioxidizing lipids. The 

amino acids methionine, cystine, histidine, lysine and tyrosine were the 

most susceptible to attack by linoleic acid hydroperoxides and the 

secondary degradation products of the hydroperoxides. 

2.6.1.1 Factors affecting lipid oxidation 

The causes of lipid oxidation are numerous and involve such factors 

as enzymes, microorganisms, oxygen, high temperature, light, trace metals 

and the presence of free fatty acids (St. Angelo and Ory, 1972; St. 

Angelo et al ., 1979). In general, the more unsaturated a lipid molecule, 

the greater the rate of autoxidation (Waters, 1971). However, legume 

lipids are complex and in close contact with other oxidizable components, 

enzymes, various types of prooxidants and antioxidants. The oxidative 

stability of food, therefore, is not always related to the degree and 

type of unsaturated lipids they contain (Sattar et al ., 1976; Lillard, 

1978}. 

Lipoxygenase (1.13.1.13) is the enzyme primarily responsible for 

catalyzing the biochemical oxidation of unsaturated fatty acids in 

grains, but other enzymes such as peroxidases and catalases may be 

involved as well (Haydar et +al., 1975; Axelrod, 1974). The enzyme 

catalyses the oxidation by molecular oxygen of cis, cis-1, 4-pentadiene 

systems to 5-hydroperoxy compounds (Eriksson, 1967). Lipoxygenase has 

been found in many legumes and cereals. Rhee and Watts (1966b) and Pinsky 

et al. (1971) reported lipoxygenase activity in several legumes, 

including cowpeas. Pinsky et al. (1971) demonstrated that food legumes of 

the genera Vicia, Glycine, Phaseolus and Pisum have uniformly high 

lipoxygenase activity, with soybean having the highest activity. 
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Lipoxygenase activity is inactivated by heat (Haydar and Hadziyev, 

1973; Borhan and Snyder, 1979). vJallace and ~/heeler (1972) observed that 

wheat protein concentrate at 16% moisture lost 99% of the lipoxygenase 

activity after 30 min at 65°C. The susceptibility of lipoxygenase to heat 

was increased at alkaline pH values (Borhan and Snyder, 1979). Acidifying 

bean slurries to less than pH 3.85 inhibited the lipoxygenase activity 

(Kon et al ., 1970). The lipoxygenase activity may also be inhibited by 

natural antioxidants in the grain as was suggested by Rhee and ~latts 

 ( 1966a, b) . 

The greater stability of vegetable oils compared to animal fats under 

oxidative conditions is known to be due to higher levels of natural anti

oxidants in vegetable oils (Benedict et al~ 1975; Carpenter, 1979). The 

most prominent natural antioxidants are tocopherols (Dugan, 1976). 

Tocopherols were reported to be inactivated during enzyme-catalyzed oxidation 

(Sherwin, 1978). Other plant polyphenols, the isoflavanoids, tannins and 

especially flavanoids also serve as antioxidants (Hernnann, 1976; St. 

Angelo et al., 1979). Carotenoids, lecithin, mixtures of phosphatides, 

sterols and sulfhydryl compounds have antioxidant activity (Dugan, 1976). 

The amino acids glycine , alanine and histidine also act as antioxidants 

(Marcuse and Fredricksson, 1969). 

2.6.2 Lipid hydrolysis 

Deterioration of grain and milled products during storage is 

accompanied by increased acidity ( Daftary and Pomeranz, 1965). Fats in 

grains are readily broken down by lipases into free fatty acids and 

glycerol, particularly when temperature is high and moisture content 

increases beyond 12% (Zeleny, 1954; Fellers and Bean, 1977). Oxidative 

rancidity, on the other hand, appears to be enhanced when moisture content 

of grains or flours is reduced to low levels (Clayton and Morrison, 1972). 
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Lipolytic enzymes are widely distributed in legumes and cereals. 

Plant lipases are generally specific for 1- and 3-positions of triglycer

i des (Clayton and ~1orri son, 19 72). However, Berner and Hammond ( 19 70) 

found that corn, safflower, soybean and pinion nut lipases had no 

specificity and randomly attacked all 3 positions of the triglyceride. 

Most seed lipases remain inactive while seeds are intact and are activated 

by e·ither germination or mechanical damage (Heaton et al., 1978). 

While seed lipases play a role in lipid hydrolysis, most lipid 

hydrolysis at high storage temperatures and ERH is attributed to mold 

1 i pases, because of their high hydrolytic activity ( Daftary and Pomeranz, 

1965). Acids formed by hydrolysis include free fatty acids. acid 

phosphates and amino acids. During the early stages of deterioration, 

fat acidity increases at a much greater rate than either of the other two 

types of acidity combined (Pomeranz, 19 74). Fat acidity has, therefore, 

been used extensively as a measure of soundness of cereal grains during 

storage (Baker et al., 1957; Bean et al., 1976). Mecham and Mossman 

(1974) found that the rate of increase in the titratable acidity of 

petroleum ether extracts from wheat flour decreased to a minimum level 

after 3 months of storage at 90°F. They attributed this to association 

of flour degradation products with proteins and carbohydrates, which made 

the lipids less soluble in nonpolar solvents. 

2. 7 Effects of processing and storage on the essential amino acids 

The amino acids lysine, methionine: plus cystine, leucine, isoleucine, 

tryptophan, tyrosine plus phenylalanine, valine and threonine are 

essential for human nutrition (FAO/WHO 1973). The deficiency of lysine in 

cereals and methionine plus cystine in legumes is well established (Elias 
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et al. 1964; Peterson and Warthesen, 1979). Lysine, methionine and 

cystine are susceptible to loss and partial destruction during process~ 

ing and st~rage reducing the nutritional availability of these amino 

acids (Evans et al., 1976; Antunes and Sgarbieri, 1979). Methionine and 

cystine undergo oxidation-reduction, alkylation and other reactions 

(Friedman and Noma, 1975). Alkali ~and heat processing convert some 

amino acid residues into unnatural forms which are biologically unavail

able {Finley and Kohler, 1979}. Lysine, in particular, may participate in 

cross-linking reactions with dehydroalanine, resulting in the production 

of the possibly nephrotoxic lysinoalanine (Finley and Kohler 1979; Ray

mond, 1980). A major source of nutritive loss during heat processing 

and storage is the deterioration of protein quality caused by Maillard 

browning (Jokinen et al., 1976). Lysine readily participates in this 

reaction through its free epsilon amino group {Eklund, 1976; Tsao et al., 

1978). 

Lysine availability is a reliable indicator of losses in protein 

quality· due to Maillard browning (Carpenter, 1973; Jokinen et al., 

1976). Several researchers have determined total or available lysine to 

assess the effects of processing and storage on amino acids. Holsinger 

and Posati (1975) reported losses of up to 35% in the available lysine of 

stored skim milk powder. Rise in moisture content of the milk powder 

decreased lysine availability. The available lysine decreased slightly 

from 97% to 94% during storage of cowpea powders (5.5% moisture) at 37°C 

for 24 weeks (Onayemi and Potter, 1976). Losses of 23.5% to 28.8% occur

red in the total lysine of lysine-enriched millet and sorghums after 90 

days at 81 to 83% RH and 25 to 35°C (Ekberg et al., 1979). 
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2.8 Functionality of legume proteins 

Kinsella (1976) broadly defined functional properties of protein 

foods as 11 any physicochemical property which affects the processing and 

behavior of the protein in the food systems as judged by the quality 

attributes of the final product~~. Some of the important functional 

properties usually evaluated in protein foods include nitrogen solubility, 

water absorption, oil emulsification, foaming, viscosity and oil 

absorption (Lin et al., 1974; Fleming et al., 1974). Selected functional 

properties were investigated 1n cowpeas (Okaka and Potter, 1977, 1979a) 

and in eight legumes (Sosulski and Youngs, 1979). High values for oil 

absorption, oil emulsification, whippability and foam stability were found 

to be characteristic of protein fractions, while starch fractions gave 

high water absorptions (Sosulski and Youngs, 1979}. 

2.8.1 Nitrogen solubility 

Nitrogen solubility index (NSI) is defined as the percentage of 

total nitrogen in a sample that is water dispersable based on the method 

used (Wu and Inglett, 1974}. The NSI can often be correlated with other 

important functional properties such as oil emulsification, foaming and 

viscosity (Yasumatsu et al ., 1972; Fleming et al ., 1974). Mattil (1971} 

suggested that investigation of the functional properties of protein foods 

would be more efficient if a study is first carried out to determine the 

NSI of the protein over a wide range of pH and ••ionic 11 environments. Smith 

and Circle (1938) showed the relationship between pH and the nitrogen 

solubility of the proteins in defatted soybean meal (Figure 2.5). The 

point of minimum protein solubility or the isoelectric point (IP) was 

found at pH 4.5 and solubility increased on either side of the IP. A 
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similar nitrogen solubility profile with changing pH has been found in 

other 1 egumes (Pant and Tul si ani 1969; Fan and Sosul ski, 1974; Sun and 

Ha 11 , 1 9 75) , 

The nitrogen solubility profile of proteins is being used increasingly 

to determine denaturation of protein due to heat treatment, other 

processing procedures and storage (Circle and Smith, 1972; Betschart, 

1974; Lawhon and Cater, 1971). Heat treatment usually causes irreversible 

denaturation thereby reducing nitrogen solubility (Kinsella, 1976). Wet 

processing was reported to have a harsher effect than dry heat (Wu and 

Inglett, 1974). Aggregation or formation of complexes by proteins and the 

peroxides of oxidizing lipids was reported to result in reduced protein 

solubility (Karel et al, 1975). Partial enzymatic or chemical hydrolysis 

of denatured protein markedly increased nitrogen solubility (Puski, 1975). 

2.8.2 Water absorption 

Water absorption or water hydration capacity means the maximum amount 

of water that a food material can take up and retain under food test · 

conditions (Quinn and Patton, 1979). Water hydration capacity is one of 

the principal tests in quality evaluation of wheat flour (Rasper and deMan, 

1980). The importance of water absorption in food products was discussed 

by Wolf and Cowan (1975) for soy proteins. In baked goods, soy products 

absorbed water resulting in improved dough yield and handling character

istics. Hater absorption helped to minimize shrinkage thus maintaining 

the products' freshness longer. Water absorption by soy proteins was also 

important in developing the desired chewy texture in simulated meat products 

and in reducing cooking loss. 
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A negative correlation of NSI and water absorption was reported by 

Wu and Inglett (1974) and Hagenmaier (1972). Apparently as the NSI 

decreases, water absorption increases up to a point, then decreases with 

deere as i ng NS I . 

2.8.3 Emulsification properties 

Emulsifying properties of proteins are often studied because of their 

potential use in food emulsions. The emulsifying capacity is determined 

in most studies (Kinsella 19"76). Emulsifying capacity or emulsion is 

defined as the volume of oil that can be emulsified by protein before 

phase inversion or collapse of the emulsion occurs (Kinsella, 1976). 

Ernul s ion stability refers to· the abi 1 i ty of a protein to form an ernul s ion 

that remains relatively unchanged for a specified period and conditions. 

Various authors have observed a positive correlation between the NSI 

of a protein and its emulsifying properties (Lin et al., 1974; Okaka and 

Potter, 1979a). Yasumatsu et al. (1972) found a negative correlation 

between crude fiber contents and emulsification properties. 

2.8.4 Whippability 

Foaming or whipping refers to the capacity of a material to form 

stable foams with air. Whippability is an important function in such 

products as confections, candy and whipped toppings (Kinsella, 1979). 

Foam expansion, foam capacity or overrun represent the maximum volume 

increase of a protein dispersion after incorporation of air by whipping, 

agitation or aeration. Foam stability refers to the ability of a 

formed foam to retain its maximum volume over time. Stability is usually 
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determined by measuring the rate of leakage of fluid from the foam 

(Eldridge et al., 1963) or by measuring the foam volume at given inter

vals (Lin et al., 1974; Betschart et al, 1979). 

According to Kinsella (1976), ideal foaming proteins are able to 

form extended membranes around the air droplets and undergo a critical 

degree of spontaneous denaturation, which stabilizes the foam and 

provides the structural network of the foam. The best foam volumes are 

obtained when a protein has high solubility and minimum denaturation 

(Eldridge et al., 1963). Complete denaturation and prolonged whipping 

result in foam collapse (Kinsella, 1976). 

Foaming ability increased with protein concentration in great nor

thern beans {Satterlee et al ., 1975) and sunflower meal (Huffman et al, 

1975). The removal of lipids enhanced foaming properties in soy proteins 

(Wolf and Cowan,l975) and alfafa leaf protein (Wang and Kinsella, 1976). 

2.8.5 Oil absorption 

Fat or oil absorption is usually measured by adding an excess of 

oil to a protein-containing food sample, followed by thoroughly mixing, 

centrifuging and determining the amount of bound oil (Kinsella, 1976). 

Wolf and Cowan (1975) described the main purposes of soy proteins 

in regard to fat absorption. In ground meats, soy proteins promote fat 

absorption, thereby decreasing the cooking losses. In pancakes and dough

nuts, addition of soy proteins helps prevent excessive fat absorption 

during frying. 
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2.9 Changes in color during storage 

Nonenzymatic browning (r.1aillard browning} is a major cause of 

darkening, loss of nutritive value and flavor changes during processing 

or prolonged storage of dried foods (Reynolds, 1963, 1965; Karel and 

Nickerson, 1964; labuza, 1973). The principal loss of quality caused by 

the Maillard reaction is due to the severe reduction in the biological 

value of proteins (Eicher, 1975; Hurrell and Carpenter, 1977). Non

enzymatic browing reactions are, however, also a source of desirable 

flavors in certain foods such as the crust of bread and roasted foods 

(Reynolds, 1965; deMan, 1976). 

Maillard browning occurs through a series of complex reactions in 

which the initial step usually involves condensation between the 

carbonyl groups of reducing sugars and the free amino groups of the amino· 

acids or proteins (Reynolds, 1963; Carpenter, 1973). Subsequent reactions 

proceed through a number of heterocyclic nitrogen intermediates of varying 

composition; with the eventual formation of brown pigments and polymers 

(Reynolds, 1963; Troller and Christian, 1978). Although carbohydrates 

are the main source of carbonyls for nonenzymatic browning, Tannenbaum 

et al. (1969) indicated an additional mechanism in which peroxidizing 

lipids caused protein losses. In a highly oxidized system, the carbonyls 

produced in oxidation interacted with the protein through nonenzymatic 

browning. They found methionine losses that were directly proportional 

to the amount of lipid-induced browning. 

The reactions of nonenzymatic browning are generally influenced by 

moisture content, ERH, temperature, pH and type of sugars (Reynolds, 

1963, 1965; Hurrell and Carpenter, 1977). Nonenzymatic browning of 



44 

dehydrated foods was reported to proceed at maximum rate from 65 to 75% 

ERH (Warmbier et al., 1976; Troller and Christian, 1978). Karel and 

Nickerson (1964) found that the rate of browning in dehydrated orange 

juice increased with increasing moisture (0 to 16%) and increasing ERH 

(O to 53.7%) at both 25°C and 37°C. Mizrahi et al. (1970) observed 

similar acceleration in the rate of nonenzymatic browning with increasing 

moisture content in dehydrated, unsulfited cabbage. The cabbages 

containing moistures ranging from 1.32 to 17.9% were stored at 37°C. 

Loncin et al. (1968) showed that the maximum rate of nonenLymatic 

browning in dried milk powder, kept at 40°C for 10 days, occurred at 68% 

ERH. This ERH corresponded with the maximum rate in the loss of available 

lysine. Increases in moisture were noted to decrease the activati:on 

energy for browning in dehydrated potatoes (He~del et al., 1955) and 

dehydrated cabbage (Mizrahi et al., 1970). Once initiated, browning was 

observed to proceed by a zero order reaction, that is, browning increased 

linearly with time in cabbage U1izrahi et al., 1970), several dried 

vegetables (Hendel et al., 1950) and dried potatoes (Hendel et al., 

1955). 

Increases in temperature dramatically accelerated the rate of 

browning in dry casein-glucose systems (Lea and Hannan, 1949). The 

reaction was 9,000 times faster at 70° than at l0°C and 40,000 times 

faster at 80° than at 0°C. Maillard browning of intermediate-moisture 

model food systems proceeded 33 times faster at 45°C than 25°C (Warmbier 

et al., 1976). The rate of browning in dehydrated potatoes increased 

with temperature, but the effect of temperature decreased with the rise 

in moisture content (Hendel et al., 1955). 
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The intensity of nonenzymatic browning with increasing pH was 

demonstrated by Lea and Hannan (1949). Browning was 10 times faster at pH 

7 than at pH 3. 

Pentose sugars react more rapidly than hexoses to form brown pig

ments (Reynolds~ 1963). The order of reactivity of sugars was reported 

as xylose, arabinose, glucose, lactose, maltose then fructose (Hurrell 

and Carpenter, 1977). Among the amino acids, lysine is the most reactive 

in nonenzymatic browning because of the presence of a free epsilon amino 

group (Lea and Hannan, 1950; Carpenter, 1973}. The loss of lysine is the 

major cause of the decrease in protein quality due to nonenzymatic brown

ing. Lea and Hannan (1950) studied the loss of amino acids in casein

glucose complexes at pH 6.3 during storage at 70% ERH and 37°C for 30 

days. Two-thirds of the lysine disappeared in 5 days, with only slight 

effect on other amino acids. After 30 days, 90% of the lysine, 70% 

arginine, 50% methionine, 33% tyrosine and 30% histidine had reacted. 
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3. MATERIALS AND METHODS 

3.1 Raw .materia 1 s 

The cowpeas (Vigna unguiculata variety Texas Cream 40) used for 

this study were purchased from Ring Around East Texas Seed Co.,Tyler,Texas. 

3.2 Processing of cowpea products 

Cowpea products were prepared by both a dry and a wet process. 

3.2.1 Dry processing 

Figure 3.1 shows the schematic flowsheet of thedry process for 

converting cowpeas into flour, a protein-rich fraction and a starch-rich 

fraction. Forty-pound batches were dehulled using a Hill grain thresher 

(George 0. Hill Supply Ltd., Thunder Bay, Ont.) at 775 rpm as described 

by Reichert and Youngs (1976). The hulls were separated in an air 

stream. The dehulled splits (7.1% moisture) were then pin milled in an 

Alpine Pin Mill Model 250 Ct~ (Alpine American Corp., Natick, Mass.) at 

feed rates of about 300 lb/hr, so that 90% of the flour passed a 325-

mesh Tyler sieve._ 

The flour was then separated into a protein-rich fraction (API) 

and a starch-rich fraction (Starch I) in an Alpine Air Classifier Type 

132 MP using a cut point of about 15 ~m. Repeated pin milling and air 

cl assi fi cation of starch I yi e 1 ded an addi ti ana 1 protein fraction Gil. PI I) 

and starch I I, a 1 so referred to as AS . The API and API I were b 1 ended in 

a Maclellan batch mixer model ooS for use in the storage studies. 
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 Fig. 3.1. Schematic flowsheet for dry processing of cowpeas into 

flour and a protein-rich fraction. 
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3.2.2 Wet processing 

Figure 3. 2 shows the schematic fl owsheet for wet processing the 

cowpeas into a protein-rich fraction. 

slurried in 5 parts distilled water. 

Pin-milled cowpea flour was 

Lime was then added to the slurry 

to raise the pH to 9, in order to disperse the protein. The slurry was 

centrifuged in a Fletcher Basket Centrifuge Type 20 SUSP operating at 

1800xG to recover the extract, and then in a Sharples Super Centrifuge 

Type M- 322 E -161 J at 38, OOOxG to yi e 1 d a protein-rich supernatant and 

starch-rich solids. A drum-drie~, protein-rich product (DP) was obtained 

by drying the supernatant on a Bufl ovak Doub 1 e Drum Drier. The DP was 

ground in a Hobart grinder to pass a 40-mesh Tyler sieve. A freeze

dried, protein-rich fraction (FP) was also prepared from part of the 

protein supernatant to avoid denaturation. 

3.3 Physical and chemical characteristics of cowpea products 

3.3.1 Physical characteristics 

Cowpea products ground to pass through a 200-mesh Tyler sieve were 

used for physical tests. 

3.3.1.1 Light microscopY 

Photomicrographs were prepared using the dry and wet process 

cowpea products. Samples were fixed in ethylene glycol and examined by 

light microscopy using a Carl Zeiss 60336 Phase Contrast 

Photomi croscope. 



50 

Fig. 3.2. Schematic flowsh~et for wet processing of cowpeas into a 

protein-rich fraction. 
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3.3.1.2 Scanning electron microscopy 

Scanning electron micrographs were prepared from the flour, AP, 

AS and OP. Samples were sprinkled onto a double sticky tape attached 

to circular (1 .3 em diameter) aluminum studs. Samples were coated with 
0 

appr-oximately 100 A of gold in a Technics Hummer 5 coating chamber 

under 50 millitorrs vacuum. The specimens were examined and photographed 

with a Carnbri dge Stereoscan Mark I I Scanning Electron Microscope by rvlr. N. K. 

Yang, of the Department of Pathology. 

3.3.2 Chemical composition 

The proximate analyses of the cowpea products were carried out 

by the AOAC (1975) methods, for moisture- (14.004), crude fat

(14.018), crude fiber- (7.054} and ash- (14.006). The crude protein 

analysis was essentially the same as the microKjeldah1 method (47.021) 

except that the mercuric oxide and potassium sulfate were replaced 

by 3 g of a mixture of 3 parts copper sulfate'' plus 100 parts potassium 

sulfate. The sample was digested for 2 ·hr. A nitrogen factor of 

6.25 was used. 

3. 4 Preparation of the cowoea products for storage 

Before storage, the moisture contents of the cowpea products 

required adjustment so that they corresponded to 64% ERH and 79% ERH. 

Preliminary trials, conducted by exposing thin layers of the products 

to the above ERHs, indicated that equilibration to 64% ERH was reached 

with approximately 11.4% moisture and to 79% ERH at 15.4 to 15.7% mois-

ture. The products were adjusted to these moistures. Al1 samples, except 

the seed, were spread on trays ·;n a fume hood and humidified 

by a Hankscraft Cool-Vapor Humidifier Model 3972. The samples were 
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mixed frequently until the desired moisture was achieved in 5 to 12 hr. 

Seed was placed in a sterile polyethylene bag, shaken with a predetermined 

quantity of distilled water, and left to equilibrate for 48 hr in a 

refrigerator at 5°C. 

All samples were packed in sterile polyethylene bags and placed 

into desiccators containing either saturated sodium nitrite for 64% ERH 

storage or saturated ammonium sulfate for 79% ERH storage. The samples 

were then stored in a forced draft air oven at 37 + 1 °C. The ERH inside 

the sample bags was monitored using an Aminco Dunmore Electric 

Hygrometer No. 4-4925. Throughout this study, the storage conditions 

were referred to as 64% ERH and 79% ERH even though the ERH varied 

during stqrage. Control samples at the adjusted moistures were placed 

in sterile polyethylene bags within sealed Mason jars and stored at -20°C. 

Subsamples for analyses were withdrawn after 0, 2, 4 and 6 months 

of storage. 

3.5 Microbiological evaluation 

3.5.1 Microbial enumeration 

Aerobic plate counts (APC), yeast and mold counts, and bacterial 

spore counts were determined on the cowpea seed, flour, AP and DP, after 

0, 2, 4 and 6 months of storage at both 64% ERH and 79% ERH. The 

products were thoroughly mixed before transferring subsamples for 

microbial analysis into sterile Mason jars. Eleven grams of the sub

samples were added to 99 ml of sterile distilled water blanks. Either 

1.0 ml or 0.1 ml aliquots of appropriate 10 fold dilutions were plated 

in triplicate, using standard plate count agar (Difco) for APC and 
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Sabouraud dextrose agar (Difco) for yeast and mold counts. For spore 

counts, a 6 ml aliquot of the 1:100 dilution was heated at 80°C for 10 

min~ cooled, then diluted further and plated on standard plate count 

agar. Plates were incubated at 32°C for 2 days for APC and bacterial 

spore counts, while yeast and molds were incubated for 5 days at 21°C. 

The microbiological data was analyzed by analysis of variance 

and Duncan's multiple range test to determine whether there were 

si gni fi cant changes among the storage periods. 

3.5.2 Microbial identification 

Dominant colonies from both APC and spore count plates were 

isolated on the basis of shape and appearance and transferred to 

standard plate agar slants with sterile inoculating loops. The 

i so 1 ates. were ·· i denti fi ed to the genus 1 eve 1 according to Bergey's 

Manual of Detenninative Bacteriology (1974). The reactions evaluated 

were Gram stain, catalase, glucose fermentation, glucose oxidation and 

acid production. Cell shape and motility were observed after Gram 

staining.,, using· a. phase contrast microscope._ 

The dominant molds selected by colony appearance from Sabouraud 

dextrose agar were i denti fi ed to the genus 1 eve 1 according to Barnett 

and Hunter's Illustrated Genera of Imperfect Fungi (1972). The mold 

species were identified by Dr. S. Chinn, Agriculture Canada, Research 

Branch, Saskatoon, using Czapek's agar with 20% sucrose. 

3.6 Aflatoxin determination 

Samples of the cowpea seed, flour, AP and OP stored at 79% ERH 
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for 4 and 6 months were analyzed for afl a toxin by Dr. M. G. Prior at 

the Animal Pathology Division,Health of Animals Branch, Agriculture 

Canada, Saskatoon. The presence of aflatoxin B in the products was 

detected by the method described by Stoloff et al. (1971). The procedure 

involved extraction of the mycotoxins from the samples using acetoni

trile, followed by purification. The mycotoxins were separated using 

silica gel TLC, followed by observation under UV' light. Confirmation 

tests were carried out with an Aminco-Bowman spectrophotofluorometer 

(minimum detectable concentration 10 to 20 ppb). 

3.7 Lipid evaluation 

The lipids in the seed, flour, AP and DP were evaluated after 

0, 2, 4 and 6 months of storage. The seed was ground to pass through a 

40-mesh Tyler sieve prior to analysis. 

3.7.1 Lipid extraction 

3.7.1. 1 Crude lipids 

Free lipids in the control products were determined using diethyl 

ether as solvent according to the procedures of the AOAC (1975) method

(14.018). To obtain the bound lipids the residue was extracted 

again vJi th ch 1 oroform/me thana 1 ( 2:1 ) ( V /V). The tota 1 free p 1 us 

bound lipids were obtained by a single extraction with chloroform/ 

methanol. 

3.7.1.2 Lipids for fatty acid analysis 

For the determination of the fatty acid composition in the free 

and bound lipids of the control products, approximately 10 g of sample 

was Soxhlet-extracted in duplicate using the solvents indicated in 
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section 3.7.1.1. The solvent contained a known quantity of heptadecanoic 

acid (17:0) or nonanoic acid (9:0) as an internal standard. Lipids 

recovered from the control and stored samples by a singl'e extraction 

with ch 1 oroform/methano 1 were used in determining the tota 1 fa tty acid 

composition of the products. All lipid extracts were concentrated in 

vacuum at 40°C. 

3.7.2 Removal of nonlipid material from chloroform/methanol extracted 
1 i pi ds 

Nonlipid contaminants were eliminated by dissolving the lipids 

in 80 ml of chloroform/water (1:1) and separating the lipid-containing 

chloroform layer. The water layer was extracted with two 20 ml 

portions of chloroform. The chloroform extracts were combined and 

traces of water were removed with anhydrous sodium sulfate. The solvent 

was evaporated under vacuum at 40°C. 

3.7.3 Fatty acid analysis 

3. 7..3.1 Preparation of fatty acid methyl esters 

Me thy 1 esters of the tota 1 fa tty acids were prepared in dup 1 i ca te 

by the procedure of Me tea 1 fe et al . ( 1966) as modified by the Nation a 1 

Research Council, Saskatoon. About 100 mg lipid was refluxed with 10 ml 

methanolic potassium hydroxide for 20 min under a stream of nitrogen. 

Acetyl chloride was added to a yellow end point using bromthymol blue as 

an indicator. Next, one drop of boron trifluoride-methanol was added 

and the refluxing continued for 20 min. The mixture was cooled and 

sodium bicarbonate was added until the color turned blue. Then 10 ml of 

distilled water and 10 ml petroleum ether (b.p. 30 to 60°C) were added. 

After shaking vigorously for 1 min, the petroleum ether layer was removed 
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and evaporated under nitrogen at 60°C. The methyl esters were dissolved 

in carbon disulfide and duplicate 2 to 4 ~l aliquots of each sample were 

analyzed by GLC. 

Free fatty acids were methylated by a modified procedure of Luddy 

et al. (1960). About 10 to 20 mg of lipid was dissolved in an excess of 

freshly prepared diazomethane. The excess diazomethane was evaporated 

by a slow stream of nitrogen. The methyl esters in the remaining 

diazomethane were then ready for GLC analysis. 

3.7.3.2 GLC analysis of fatty acids 

Separation of the methyl esters and detection were achieved using 

a Hewlett-Packard Model 5750 gas chromatograph equipped with a dual 

flame ionization detector. 

Long chain fatty acids were analyzed on a 3-ft glass column (4 mm 

i.d.) packed with 5% DEGS-PS on 100/120 Supelcoport (Supelco Inc., 

Bellefonte, Pa.). The injection port was operated at 220°C, the column 

temperature at 185°C isothermal and the flame detector at 225°C. The 

flow rate of the helium carrier gas was 40 ml/min, hydrogen 47 ml/min 

and air 180 ml/min. 

Short chain fatty acids were analyzed using dual 3-ft glass 

columns (4 mm i.d.) packed with 10% SP-216-PS on 100/120 Supelcoport. 

The conditions of analysis were similar to those used for long chain 

fatty acids, except that the carrier gas flow rate was 25 ml/min and the 

oven temperature was programmed from 130 to 185°C at l5°C/min holding at 

the upper limit temperature. 

Eluted fractions were plotted and measured as percentage by 

weight, by a Hewlett-Packard Automation System 3385A plotter integrator. 
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Sensitivity was set at Attenuation 4, the chart speed at 1 em/min and 

zero at 10% of the scale. The long chain fatty acids were quantified in 

reference to C17:0 as the internal standard, and the short chain fatty 

acids in reference to C9:0. 

Sample components were i den ti fi ed by comparing them with the 

retention time of known standard fatty acids individually chromatographed 

under the same conditions. In addition, co-chromatography with standard 

fatty acids was used as another method of i denti fyi ng the fa tty acids. 

The variation between the fatty acids compositions determined at 

different periods of storage was evaluated using analysis of variance, 

Bartlett•s test and Least Significant Difference (LSD} multiple range 

comparison procedures (Snedecor and Cochran, 1978}. 

3.7.4 Lipoxygenase assay 

Lipoxygenase activity was determined in the seed, flour, AP and 

DP control samples and samples after storage for 4 and 6 months. 

3.7 .4.1 Enzyme extract preparation 

Crude enzyme extracts were prepared in duplicate from the ground 

samples with sodium phosphate buffer (Grosch et al., 1976}. A 0.5 to 

5.0 g sample was stirred for 60 min with 100 ml of 0.2M sodium phosphate 

buffer (pH 6.5} at 3 to 5°C (all succeeding operations were carried out 

at 3 to 5°C}. Insoluble materials were separated by centrifugation at 

12,000 xG for 30 min. The supernatant was adjusted to 100 ml with 

phosphate buffer and was used as the source of enzyme. 
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~.7.4.2 Preparation of substrate solution 

Linoleic acid was prepared by the method of Rackis et al., (1972). 

Fifty microliters of linoleic acid (approximately 99%, Sigma Chemical Co.) 

were mixed with 50 Ill of Tween 20 (polyoxyethylene sorbitan monolaurate, 

Sigma Chemical Co.) and O.lN. potassium hydroxide was added slowly until 

the mixture became clear. The mixture was then diluted to 10 ml with 

distilled water to obtain a substrate concentration of 1.55 mM linoleic 

acid. 

3.7.4.3 Determination of enzyme activity 

The enzyme activity was determined by a method adapted from 

Bonnet and Crouzet (1977). For the assay, 2.7 ml of phosphate buffer 

(0.2M, pH 6.5), 0.3 ml of substrate and 5 }.11 of crude enzyme solution 

were mixed into a spectrophotometer cell of 1 on diameter. Starting with 

the addition of the enzyme, the increase in absorbance at 234 nm over a 

7-min period was followed by a Perkin Elmer Model-124 double beam 

sp_ectrophotometer equipped with a Mode 1-56 -Recorder. Phosphate buffer 

(2.7 ml) and 0.3 ml of substrate were used as the blank. One unit of 

enzyme activity was defined as the amount of enzyme that caused an 

increase in the absorbance by 0.1 unit/min under the conditions of the 

assay. 

3.7.5 Peroxide value determination 

Lipid oxidation was evaluated by determining the peroxide value 

of the cowpea products before and during storage. Duplicate 10 g samples 

were extracted with chloroform/methanol. Nonlipid contaminants were 

removed by evaporating the samples to near dryness under vacuum at 40°C, 



60 

then redissolving the lipid in chloroform. The chloroform layer was 

removed and evaporated to dryness at 40°C under vacuum. The peroxide 

value was then determined according to AOCS (1977) method cd 8-53. 

3. 7. 6 Thiobarbituric acid (TBA) assay 

The extent of lipid oxidation in the samples was also determined 

by the TBA assay during storage. The modified method of Rhee and Watts 

(1966a), as described by Sessa et al. (1969~ was carried out on duplicate 

samples. A 2 to 4 g sample was blended with 50 ml distilled water for 

2 mi.n at full speed in a Virtis "45 11 homogenizer. This slurry was 

quantitatively transferred into a 500 ml Kjeldahl flask by washing with 

an additional 45 ml distilled water, then acidified to pH 1.1 to 1.2 by 

adding 3 ml hydrochloric acid (1 :2, V/V). Boiling chips and 0.5 ml of 

Dow Corning antifoam F were added to prevent bumping and foaming. The 

mixture was then distilled for 14 to 15 min until 50 ml was collected. 

A 5 ml aliquot of the distillate was reacted with 5 ml of TBA reagent 

(0.02M TBA in 90% glacial acetic acid) in a 50 ml glass-stoppered test 

tube for 35 min in a boi 1 i ng water ba_th. The tube was coo 1 ed in tap 

water for 10 min. Absorbance of TBA reactive substances was measured 

at 532 nm on a Turner Spectrophotometer Model 330. A water-TBA reagent 

prepared as above was used as the b 1 ank in the determi nation. 

A.standard curve was plotted using malonaldehyde prepared from 

1 ,1,3,3-tetraethoxypropane (TEP) (Canlab Supplie~ Edmonton). Dilutions 

from a fresh stock solution of TEP were acidified, distilled and treated 

in the same way as the samples above. It was assumed that the recovery 

values for malonaldehyde from TEP and TBA-reactive substances from the 

samples were the same. The standard curve was used to determine the 

TBA-reactive substances in the samples as malonaldehyde. The results 



_were reported as "TBA Number 11
• TBA Number was defined as the mg 

malonaldehyde per kg of sample (seed, flour , AP or DP) on a dry weight 

basis. 

3.7.7. Fat acidity determination 

The development of fat acidity in the cowpea products was determined 

on duplicate samples by the AACC Approved t1ethod 02-0l. 

3.8 Amino acid analysis 

Amino acids were analyzed in the control cowpea products and in the 

products stored at 79% ERH for 6 months. .A sample of the freeze-dried, 

protein-rich fraction (FP) was also analyzed and compared with DP to 

·demonstrate whether drum drying employed in the wet process destroyed 

some amino acids. 

3.8. 1 Amino acid composition 

The amino acid analyses were conducted on duplicate hydrolysates of 

each sample with a Beckman Model 120C analyzer. Mr. H. Braitenbach of 

the Dept. of Crop Science performed the analysis. Fifteen ami no acids 

were determined by the two column procedure of Spackman et al. (1958) after 

hydrolysis of 35 mg of sample with 7 ml 6N HCl under vacuum in a sealed 

ampule for 24 hr at ll0°C. Cystine and methionine were measured as cysteic 

acid and methionine sulfone by performic acid oxidation of the samples 

followed by hydrolysis with 6N HCl as above (Schram et al., 1954). 

3.8.2 Available lysine determination 

The available lysine was determined by measuring both the total 

lysine in a sample and the lysine remaining after a separate hydrolysis 
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of the sample treated with 1-fluoro-2, 4-dinitrobenzene according to the 

method of Roach et al. (1967). The difference between these two values 

represented the available lysine. 

3.9 Functional properties 

Cowpea contra 1 products and products stored for 6 months were 

compared for functional properties. Commercial soy flour (Soyafluff 200W) 

and protein concentrate (Promosoy 100) obtained from Central Soy 

Corporation were used as reference products. All samples were passed 

through a 100-mesh Tyler sieve. 

3.9.1 Water hydration capacity 

Water hydration capacity (WHC) was determined by the AACC Approved 

Method 88-04 using a 5 g sample. 

3.9.2 Nitrogen solubility profile 

The nitrogen solubility was determined at pH 2, 4, 4.5, 5, 7, 9 

and 11 according to AOCS (1977) method Sa 11-65. A 2 g sample was used 

and the pH was adjusted with lN hydrochloric acid or lN sodium hydroxide. 

The pH of the protein supernatant was recorded at the time duplicate 10 ml 

a1iquots were removed for protein determination. 

3.9.3 Foaming properties 

Foam capacity and foam stability were measured by the methods of 

Lin et al., (1974) using 30 ml egg albumin as the standard. Duplicate 

4 g samples were dispersed in 100 ml distilled water at 21°C and adjusted 

to pH 6.8. The suspensions were then whipped for 6 min with a Kitchen Aid 

mixer Model K 45 fitted with wire beaters at a setting of 6. The whipped 
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mixtures were transferred to 500 ml graduated cylinders. The percent 

volume increase 1 min after whipping was taken as an index of foam 

capacity according to the method of Lawhon et al. (1972): 

%of volume increase = 

volume after whipping - volume before whipping x 100 volume before whipping · 

The volume of the foam was recorded at 5, 10, 15, 30, 60, 90, and 120 

min after whipping to assess the foam stability. 

3.9.4 Emulsification 

Oil emulsification was determined in triplicate according to the 

method of Inklaar and Fortuin (1969). Mazola corn oil was used instead 

of soybean oil. A 5 g sample was accurately weighed into a 600 ml beaker 

and dispersed with 90 ml distilled water at room temperature. The 

contents of the beaker were stirred at 1000 rpm for 15 min. Stirring 

was stopped, 3 g sodium chloride was added and stirring was continued 

for 1 min. Next, 50 ml Mazola corn oil was added from a burette to the 

dispersed protein over a 5 min period, while stirring at 1000 rpm. When 

all the oil was added, stirring was continued for 1 min. The contents 

of the beaker were poured into a ca 1 i bra ted 150 ml centrifuge tube, then 

placed in a water bath at 85°C for 15 min, while stirring slowly. After 

heating, the tube was cooled under running tap water for 15 min, then 

centrifuged for 30 min at 1900xG. The amount of oil separated was read 

directly and the amount emulsified calculated by difference. 
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3.9.5 Oil absorption 

Oil absorption was determined in duplicate according to the method 

of Lin et al. (1974). A 1.5 g sample and 9 ml Mazola corn oil were 

added to a 15 ml graduated conical centrifuge tube. The contents were 

stirred thoroughly with a brass wire to disperse the sample in the oil. 

After a holding period of 30 min, the tube was centrifuged at 2100xG for 

25 min and the volume of clear supernatant oil read directly. The 

absorbed oil was calculated by difference. 

3.10 Col or -
Color was measured for all samples before storage and during 

storage. Measurement was by means of a Hunterlab Color and Color 

difference meter Model D2502M standardized with a white color standard. 

3.11 Sensory evaluation 

The cowpea flour, AP and DP stored at 64% ERH for 6 months were 

eva 1 uated for flavor changes in comparison to their cor responding contra 1 

samples, which had been frozen. The triangle method as described by 

Larmond (1977) was used to determine whether there were any differences. 

The triangle method involved providing the panelists with 3 coded samples, 

2 of which were the same and different. The control and stored samples 

were alternated as the odd and duplicate sample to avoid bias. Twenty-two 

panelists of whom 12 were trained to detect pea flavor and 10 untrained 

were asked to identify the odd sample according to the questionnaire in 

Appendix A. Significance of the triangle test results was determined from 

standard tables (Lannond, 1977). 
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In conjunction with the triangle tests, flavor scores were used 

for evaluation of the major flavors. Panelists were asked to indicate 

the words that best described the flavor of the samples from the 

evaluation sheet (Appendix A). 

For the purposes of analyzing the results, the descriptive words 

for flavor were assigned weighted values of 1 to 3 depending on the 

intensity of flavor indicated by the panelist. Flavor scores were 

calculated according to the method of Rackis et al. (1972): 

flavor score = (number of weak responses) + 2 (number of moderate responses) 

+3 (number of strong responses)/n where n was the number of tasters. 
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4. RESULTS 

4.1 Processing, physical and chemical characteristics of cowpea products 

During this study, cowpeas were processed by dry and wet methods. 

The products from the two processes were expected to possess different 

physical and chemical properties. It was anticipated that a comparative 

study of the cowpea products through a storage trial waul~ provide useful 

information regarding the effect of processing on their storage stability. 

Flour was produced by the dry process involving pin mi1li~g. Air 

classification of the pin-milled flour yielded the protein-rich fraction 

AP and a starch fraction. ~~et processing of the pin-milled flour 

produced the protein-rich product DP. 

4J.l Physical characteristics of the cowpea products 

Photomicrographs of the cowpea products were taken to observe the 

morphological characteristics of the constituents of the products (Fig. 

4.1). The pin-milled flour contained large numbers of both starch 

granules and protein-rich particles (Fig. 4.1-A). The protein-rich 

particles were mainly segregated into the fine fraction (Fig. 4.1-B) 

and the starch into the coarse fraction (Fig. 4.1-C). An incomplete 

separation of the protein and starch occurred during dry processing. 

This was illustrated by the inclusion of some small and broken starch 

granules with the fine particles (Fig. 4.1-B) and the separation of some 

incompletely ground agglomerates of the cotyledons with the starch 

fraction (Fig. 4.1-C). The DP produced by the wet process was in the 

form of flakes (Fig. 4.1-0). 

The scanning electron micrograph of air-classified cowpea starch 
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Fig. 4.1. Photomicrographs of cowpea products: P- protein-rich 

particle; S - starch granule; A - agglomerate. 



Fig. 4.1-A. 

Fig. 4.1-C. 

Pin-milled 
flour. 

Air-classified 
starch fraction. 

Fig. 4.1-B. Air-classfied protein
rich fraction. 

Fig. 4.1-D. Drum-dried, 
protein-rich 
fraction. 
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(Fig. 4.2-A) shows particles adhering to the granule, similar to 

proteinaceous adhering material reported in field pea starch by Reichert 

and Youngs (1978). Figure 4.2-B shows some evidence of mechanical 

damage to the starch during pin milling. The photomicrographs also 

indicate that dry processing yielded essentially native starch (Fig. 4.2-B) 

and protein (Fig. 4.2-C). 

Drum drying resulted in completely destroying the morphological 

structures (Fig. 4.2-D). The reiention of the structures in the freeze

dried flour slurry (Fig. 4.3-A) and freeze-dried protein-rich slurry 

(Fig. 4.3-B) illustrates that destruction of structures during the 

processing of DP occurred primarily at the drum-drying stage. 

4.1.2 Proximate composition of cowpea products 

The proximate analyses of the cowpea products appear in Table 4.1. 

Dehulling increased slightly the protein in the flour. The hull fraction 

contained 26.43% protein. Since the cowpeas were dehulled at a low 

moisture content of 7.1%, cracked cotyledons carried into the hull 

fraction and abrasion of the cotyledons from split seeds probably 

contributed to the high protein content of the hulls. The protein content 

of APII was lower than that of API, but APII contained proportionally 

higher NFE than API (Table 4.1 ). Due to the incomplete separation of 

protein and starch by air classification, AS contained relatively high 

residual protein (9.93%). DP contained the highest percent protein among 

a 11 the cowpea products . 

During air classification, the crude lipids segregated into the 

protein-rich fraction (Table 4.1). Some of the lipid-rich seed embryo 

was removed with the hulls, resulting in a slightly higher crude lipid. 
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Fig. 4. 2. Scanning e 1 ectron micrographs of cowpea products: 

P - protein-rich particles; S : starch granule. 



Fig. 4.2-A. Air-classified 
starch granule. 

Fig. 4.2-C. Air-classified 
protein-rich 
fraction. 

Fig. 4.2-B. Air-classified 
starch fraction. 

Fig. 4.2-D. Drum-dried, 
protein-rich 
fraction. 
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Fig. 4.3. Photomicrographs of cowpea products from the wet process: 

P - protein-rich particle; S - starch granule. 
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50tJ 

Fig. 4.3-A. Freeze-dried flour slurry. 

50~ 

Fig. 4.3-B. Freeze-dried protein-rich slurry. 
••V 



Table 4.1 Proximate compositiona of cowpea products (dry basis) 

Crude protein Crude lipid Crude fiber Ash NFE 
Product { %) ( %) (%) {%) {%) 

Seed 26.80 + 0.25 1.35 + 0.05 4.28 + 0.08 3.83 + 0.01 63.74 
-

Hulls 26.43 + 0.02 1. 71 + 0.00 9.99 + 0.04 4.01 + 0.01 57.86 

Flour 27.50 + 0.15 1.52 + 0.03 1.36 + 0.09 3.70 + 0.04 65.92 

AP I 52. 16 + 0.11 2.91 + 0.01 1.15 + 0.04 6.56 + 0.01 37.22 
......., 

AP II 48.36 + 0.05 2.66 + 0.03 1.48 + 0.03 6.16 + 0.15 41.34 ~ 

AP I and II 51.96 + 0.43 2.84 + 0.07 1.18+0.01 6.37 + 0.05 37.65 

AS 9.93 + 0.03 0.67 + 0.01 1.43 + 0.02 1 .67 + 0.02 86.30 . 
DP 57.80 + 0.20 0.84 + 0.01 0·.21 + 0.02 8.83 + 0.07 32.32 

FP 56.26 + 0.04 0.67 + 0.02 e.o5 + o.oo B. 53 + 0.03 34.49 

a Mean ~ standard error, n = 2. 
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content in the hulls as compared to the seed and flour. The AS and DP 

contained the lowest proportion of crude lipids. As expected, the crude 

fiber was decreased by dehu1ling or wet processing (Table 4.1). In the 

dry processed products, the ash shifted with the AP. The high ash 

content of DP was due to the lime added for protein dispersion during 

the wet process. 

4.2 Variations in moisture and equilibrium relative humidity (ERH) 
during storage of cowpea products 

The moisture content of the cowpea products stored at 64% ERH 

fluctuated between 10.2 and 12.0% (Fig. 4.4-A). The ERH above the 

products changed correspondingly throughout storage (Fig. 4.5-A). 

During storage at 79% ERH, the moisture content of the products 

increased from 1 ess than 16.0% to over 18.0% (Fig. 4. 4-B). Correspondi-ng 

increases in the ERH above the products occurred after 2 to 4 months in 

storage (Fig. 4.5-B). 

4.3 Microbiology of stored cowpea products 

4.3.1 Enumeration 

4.3.1 .l Aerobic plate counts (APC) 

Before storage, the APC of the flour and DP was significantly 

(P< 0.05) higher than the APC of the seed and AP (Table 4.2). Storage 

at 64% ERH for 2 months resulted in a significant decline (P<0.05) of 

APC in all of the products. Beyond 2 months of storage, the APC in the 

seed continued to decline rapidly, but the counts in the flour, AP and 

DP remained relatively stable. 

At 79% ERH, the APC of the seed significantly increased from 



Fig. 4.4. Changes in moisture during storage of cowpea products at 64% ERH (A) and 79% ERH (B). 

Fig. 4. 5. Changes in the ERH during storage of cowpea products at 64% ERH (A) and 79% ERH (B) . 
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Table 4.2 Aerobic plate countsa,b,c (APC) of cowpea p~ducts stored at 64% ERH and 79% ERH for 6 months 
(counts/a sample) 
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~4xlo5;g before storage to l.3xlo6;g after 2 months of storage (Table 

4.2). After 2 months, APC determination was discontinued in the seed due 

to excessive mold growth. The APC of the flour declined during the first 

2 months of storage, then increased thereafter. The APC decreased in AP 

and DP during the early stages of storage at 79% ERH, then remained 

relatively stable with extended storage (Table 4.2). 

4.3.1.2 Yeast and mold counts 

Tne flour originally contained significantly more (P < 0.05) yeast 

and mold than the other products (Table 4.3). The count was 4.4xl06;g for 

the flour eventually stored at 64% ERH and 5.9xlo6;g for the sample 

stored at 79% ERH. The DP, which had a high APC of 6.0xlo6;g (Table 4.2} 

contained the least yeast and mold (Table 4.3). Differences between the 

initial yeast and mold counts of the products at 64% ERH and 79% ERH 

(Table 4.3) occurred during sample preparation that preceded storage. 

Conditions at 64% ERH were unfavorable for yeast and mold growth, 

as demonstrated by the significant decreases throughout storage (Table 

4.3). The yeast and mold count dropped most rapidly in the seed. 

During the first 2 months of storage at 79% ERH, the yeast and 

mold population increased significantly (P< 0.05) in the seed (Table 4.3). 

Beyond 2 months of storage, determination of yeast and mold counts in 

the seed was discontinued due to excessive mold growth. For the flour, 

AP and DP, yeast and mold decreased significantly (P<0.05) by the end 

of 2 months of storage. After 2 to 4 months in storage, the yeast and 

mold count of the flour and AP started to increase, but the count in the 

DP continued to drop. Examination of the flour, AP and DP using a light 

microscope revealed the presence of mold mycelia in all the products. 

This indicated that mold growth had occurred in all the products including 



Table 4.3 Yeast and mold countsa,b,c of cowpea produ~ts stored at 64% ERH and 79% ERH for 6 months 
(counts/g sample) 

ERH% Product 0 Months 2 t1onths 4 Months 6 ~·1onths 

64 Seed 5 4 4.1x10 b + 4.9x10 7. Ox 101 + < 1 . Ox 101 1 1 2.7xl0 +<l.OxlO 2.0x101 + <1.0xlo1 

Flour 6 5 4.4xl0 a + 2.0x10 7.8x103 + 3.8xl0 2 5.6xl03 + 9.0xl02 1 .0x103 + 1 .2x102 

AP 5.5xl05b + 4.9x104 2.7xl04 + 1 .4x1 o3 1.6xl03 + 1 . 2x 10 2 < l.Oxl01 + <l.Ox101 
-

DP 9.0x104c + 2.9x103 6.lxl03 + 2.8xl02 4.1x103 + 1. 8xl02 1. 3xl03 + 1 .5xl02 
- -

79 Seed 1.2x105c + 4.0xl03 6 1.7xl0 + 4.9x10 5 NCd NC 

Flour 5.9x106a + 1 .2x105 3.3xl02 + 3. 7x101 3 4.4xl0 + 4.8xl02 5.2xl04 + 6.2xl02 

AP 5 4 9.4x10 b + 2~9x10 3.0xl01 + <1 .0x101 1 4.7x10 + 1.1x101 3.8x103 + 1 .5xl02 

OP 4.5x104d + 8.7xl03 3.1xl04 + 1. 7x10 3 2.5x104 + 1. 6xl0 3 1 . 6x104 + 2. 5xl03 

a Mean± standard error, n = 3. 

b Means in the 0 months' column with different letters differ significantly, r<0.05 (Duncan's multiple 
range test). 

c Any horizontal means with common underline are not significantly different P<0.05. 
d NC = not counted due to excess ·i ve mo 1 d growth. 

00 
0 
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DP. 

4.3.1 .3 Bacterial spore counts 

Before storage, the seed contained significantly less (P< 0.05) 

bacterial spores than the rest of the cowpea products (Table 4.4). 

DP contained the highest numbers of bacterial spores. 

At 64% ERH, the bacteria 1 spore count of the seed was reduced 

significantly (P< 0.05) within the first 2 months of storage. The 

bacterial spore counts of the flour, AP and DP also decreased significantly 

(P< 0.05) during storage at 64% ERH, but the rate of decrease was more 

moderate than in the seed (Table 4.4). 

Storage at 79% ERH resulted in a sharp drop in the bacterial spore 

count of the seed,from l.Oxlo3;g at 0 months to 4.0xld/g by the end of 

2 months. The low bacterial spore count in the seed indicated that 

spores represented a small fraction of the APC determined at 2 months 

(Table 4.2). Microbial evaluation was discontinued on the seed after 2 

months of storage due to mo 1 d growth. The bacteria 1 spore counts in the 

flour and AP decreased during the first 2 months of storage at 79% ERH 

(Table 4.4), remained stable up to 4 months, then increased with extended 

storage. The spore count of DP decreased during the first 4 months of 

storage at 79% ERH, and remained stable thereafter (Table 4.4). 

4.3.2 Microbial identification 

The ten most common bacterial colonies on the APC and spore count 

plates were selected by shape, color and texture. The isolated, pure 

cultures, as observed under a light microscope after Gram staining, were 

all Gram-positive and rod-shaped. One week-old cultures contained some 

cells, which possessed central, oval spores. Six isolates appeared 



Table 4.4 Bacterial spore countsa,b,c of cowpea products stored at 64% ERH and 79% ERH for 6 months 
(counts/g sample) 

ERH% Product 0 Months 2 t1onths 4 f1onths 6 t4onths 
-

64 Seed l.Ox103d + 3.0xl01 2 1 l.lxlO + 3.0xl0 1 1 7.0x10 + 1.5x10 < 1 . Ox 101 + < 1 . Ox 101 
-

Flour 3 2 4.5xl0 c + 2.9x10 3 2 3.8xl0 + 4.7xl0 3 2 2.3xl0 + 1.7xl0 2.2x103 + 2.2xl0 2 

AP 3 2 8.0xl0 b + 5.8xl0 3 2 7.0x10 + 3.1x10 3 2 4.8x10 + 3.2x10 3.7xl03 + 5.0xl02 

DP 5 3 4.5x10 a + 8.8x10 5 3 2.2x10 + 7.5x10 1 .4xl05 + 2.9xl03 4.2xlo4 + 5.9x103 

79 Seed 3 2 l.OxlO d + l.OxlO 1 1 4.0x10 + <l.OxlO NCd NC 

Flour 
4 . 3 

2.0xl0 b + 2.0xl0 1.4xl03 + 1.6xl0 2 3 2 1.5x10 + 1.9xl0 3 2 3.8x10 + l.OxlO. 

AP 1.1xl04c + 2.9xl02 2 3.7xl0 + 3. 7xl01 2 1 3.5xl0 + 5.1x10 1.0x103 + 2.5xl02 

OP 5 4 4.4xl0 a+ 2.3x10 3.5xl04 + 2.2x103 4 2 1.7xl0 + 6.3xl0 1.8x104 ~ 3.0xl02 

a Mean ± standard error, n = 3. 
b Means in the 0 months' column with different letters differ significantly, P<0.05 (Duncan•s multiple 

range test). 
c Any horizontal means with common underline are not. significantly different P<0.05. 
d NC =not counted due to excessive mold growth. 

00 
N 
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moti 1 e and 4 were non-moti 1 e. All 10 isolates oxidized glucose. The 

glucose fermentation test was mildly positive for all isolates after 

5 weeks of incubation. None of the i so 1 ates produced gas from glucose. 

All isolates were catalase-positive. On the basis of the above tests 

and using Bergey•s manual of determinative bacteriology (1974), all 

organisms were identified as belonging to the genus Bacillus. 

Utilizing the 79% ERH samples, the most common mold colonies from 

the yeast and mold plates were identified as belonging to the small

spored subgroup of Aspergillus glaucus group, which are osmophilic, 

cleistothecial 11 Storage 11 Aspergillus. The molds were classified as 

Aspergillus ruber, ~- amstelodami and A. chevalieri. The ERHs used in 

the study were selective for xerophilic mold, since normal molds require 

at least 80% ERH and 25 to 30°C for growth. 

4.3.3 Aflatoxin determination 

The presence of Aspergillus mold prompted the analysis for 

aflatoxin in the products. Although the species identified are not known 

to produce aflatoxin, less dominant, aflatoxin-producer Aspergilli could 

have been present. 

The preliminary investigation by TLC for possible presence of 

aflatoxin B revealed fluorescent spots, whose Rf coincided with that of 

standard aflatoxin B under UV. However, confirmatory observations using 

a spectrophotofluorometer (detection limit< 10 to 20 ppb) were negative 

for aflatoxin B. 
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4.4 Cowpea-lipids 

4.4.1 Crude lipids and fatty acid (FA) composition 

Consecutive lipid extraction using diethyl ether followed by 

chloroform/methanol (2:1, v/v) was conducted to determine whether cowpea 

products contained bound lipids which required a polar solvent system 

for remova 1. lipids were a 1 so removed from the cowpea products using a 

single chloroform/methanol extraction. The purpose of this extraction 

was to determine whether a single polar solvent system was as effective 

as the consecutive procedure in removing both the free and bound 1 i pi ds 

from the products. Table 4.5 shows that the single chloroform/methanol 

extraction was as effective as the consecutive extraction procedure. 

Chloroform/methanol extracted substantial lipid (5.70 g) from DP, although 

the lipid was still less than the 7.49g extracted from AP. Possibly, wet 

processing caused irreversible binding and polymerization of some of the 

lipid in DP so that it could not be extracted by the solvents used. At 

the same time, OP may have contained less lipid than the AP because of 

the different processing procedures. 

Fatty acid analysis of the cowpea lipid by GLC was conducted to 

determine whether there was a difference between the total FA and free 

fatty acids (FFA) composition of the free and bound lipid fractions. 

Table 4.6 shows that the largest amount of the total FA of the flour and 

AP was found in the free lipid extracted by diethyl ether. Most of the 

total FA of DP were found in the bound lipid (Table 4.6). The major FA 

of the cowpea products were linoleic acid, followed by palmitic and 

linolenic acids. Oleic and stearic acids were present in small quantities. 

The DP contained proportionally less linolenic acid than the other 

products, probably due to destruction, oxidation or polymerization of 

linolenic acid during processing. 
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Table 4.5 Crude lipid extractsa from cowpea products (g/100 g sample, 
dry basis) 

Extraction Diethyl Chloroform/ 
sequence ether methanol Total 

Flour consecutive 1.54+0.03 2. 62+0. 18 4 .16+0. 16 

single 4.40+0.06 4.40+0.06 

AP consecutive 2.86+0.01 4.47+0.01 7.33+0.01 

single 7.49+0.16 7.49+0.16 

DP consecutive 0.76+0.04 4.82+0.06 5.58+0.03 

single 5.70+0.02 5.70+0.02 

a Mean ~standard error, n = 2. 



Table 4.6 Composition of total fatty acidsa from the free and bound lipids of cowpea products (g/lOOg sample, 
dry basis) 

lipid 
Product fraction 16:0 18:0 18:1 18:2 18:3 Total 

Flour Free 0.31+0.006 0.05+0.002 0.07+0.005 0.37+0.009 0.37+0.009 1.17+0.009 

Bound 0.25+0.024 0.02+0.008 0.06+0.014 0.30+0.013 0.11+0.009 0.74+0.010 

AP Free 0.58+0.010 0.09+0.015 0.17+0.015 0.71+0.005 0. 71+0. 034 2.26+0.042 

Bound 0.42+0.020 0.03+0.006 0.11+0.009 0.53+0.011 0.24+0.009 1.33+0.012 

OP Free 0.24+0.003 0.04+0.001 0.05+0.003 0.26+0.001 0.27+0.002 0.86+0.009 

Bound 0.90+0.009 0.07+0.008 0.19+0.005 0.92+0.009 0.50.:!:_0.035 2 .58+0.036 -

a Mean .:!:_ standard error, n = 2. 

00 
0"1 
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The free lipid fraction contained most of the FFA, which were 

principally linolenic and linoleic acids (Table 4.7). No FFA were 

extracted from DP by eithe·r process (Table 4. 7). 

4.4.2 Effect of storage on the total FA and FFA of cowpea products 

The total FA of the cowpea products were analyzed by GLC at 

progressive stages of storage to detenni ne the stabi 1 i ty of the cowr'ea 

1 i pi ds to oxidation and other enzymatic and nonenzymatic changes. In addition, 

FFA were analyzed to show whether lipids were hydrolyzed during storage. 

Lipid extraction was carried out with chloroform/methanol (2:1 v/v), which 

effective 1 y removed 1 i pi ds from a 11 the cowpea products. 

4.4.2.1 Total FA 

Figure 4.6 shows a typical chromatogram of cowpea long chain FA 

extracted with azeotrophic chloroform/methanol. Except for D~ the total 

FA composition of the products was simi 1 a r for a 11 the cowpea products 

before storage (Tables 4.8 and 4.9). The DP contained a relatively 

higher proportion of palmitic acid and lower linolenic acid than the 

rest of the cowpea products. Palmitic acid was the saturated FA in the 

highest concentration, while linoleic acid followed by linolenic acid 

made up the major unsaturated FA (Fig. 4.6). These three FA constituted 

approximately 89% of the cowpea FA, the rest of the FA being oleic and 

stearic acids plus traces of arachidic and behenic acids (Fig. 4.6). 

When high sample loads were analyzed, there were indications of the 

presence of pentadecanoic and heptadecanoic acids. 

The variation in the total FA of the cowpea products stored at 

64% ERH is presented in Table 4.8. The linolenic acid and linoleic acids 

of the seed, flour and AP decreased significantly (P< 0.05) after 4 
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Table 4. 7 Composition of free fatty acids from the free and bound 
lipids of cowpea products (g/lOOg sample, dry basis) 

FFA 
Lipid as % of 

Product fraction 16:0 18:0 18:1 18:2 18:3 Total tota 1 FA 

Flour Free 0.03 0.01 0.01 0.05 0.05 0.15 12.8 

Bound 0.01 NO a tb NO NO 0.01 1 . 3 

AP Free 0.06 0. 01 0.02 0.07 0.09 0.25 11 . 1 

Bound 0.01 NO 0.01 NO NO 0.02 0.7 

DP Free t NO t NO NO t 0.0 

Bound NO NO NO NO NO NO 0.0 

a NO= not detectable. 
b t = < 0. 005 g. 



Fig. 4.6. Typical GLC chromatogram of the total fatty acids of cowpea products. 
(X) 
1..0 
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Table 4.8 Total fatty acid composition of cowpea products during 6 
months of storage at 64% ERH (g/lOOg sample, dry basis) 

Storage 
period 

Product (months) 16:0 18:0 18:1 18:2 18:3 Total 

Seed 0 0.59 0.08 0.20 0.76 0.~5 2.18 
2 0.59 0.08 0.21 0.74 0.51 2.13 
4 0.57 0.10 0.21 0.68 0.42 1. 98 
6 0.57 0.08 0.23 0.59 0.30 1 . 77 

Flour 0 0.56 0.08 0. 16 0.75 0. 54 2.09 
2 0.60 0.09 0.15 0.75 0.51 2.10 
4 0.54 . 0.08 0.14 0.68 0.44 l .88 
6 0.57 0.09 0.15 0.69 0.45 1. 95 

AP 0 0.97 0.13 0.27 1 . 25 0.94 3.57 
2 1 .00 0.13 0.28 1 . 26 0.88 3.55 
4 0.93 0.12 0.25 0.96 0.46 2.72 
6 1 .06 0.15 0.24 0.91 0.42 2.78 

DP 0 0.99 0.11 0.24 1 . 12 0.70 3.16 
2 1 .00 0.12 0.26 1. 14 0.72 3.24 
4 1.03 0.12 0.27 1 . 16 0.74 3.32 
6 1 .00 0.12 0.25 1 .13 0. 72 3.22 

LSD (P<O.OS) 0.08 0.05 0.03 0.05 0.07 0.19 
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Table 4.9 Total fatty acid composition of cowpea products during 6 
months of storage at 79% ERH (g/lOOg sample, dry basis) 

Storage 
period 

Product (months) 16:0 18:0 18:1 18:2 18:3 Total 

Seed 0 0.57 0.09 0.19 0.72 0.53 2. 10 
2 0.63 0. 11 0.20 0.73 0.44 2.11 
4 0.63 0. 11 0.18 0.60 0.31 1.83 
6 0.64 0.11 0.20 0.61 0. 31 1. 87 

Flour 0 0.61 0.08 0.17 0.77 0.53 2.16 
2 0.49 0.08 0.13 0.61 0.35 1. 66 
4 0.33 0.08 0.18 0.55 0.29 1. 43 
6 0.07 0.02 0.07 0.15 0.07 0.38 

AP 0 1 .02 0.12 0.27 1 .33 0.92 3.66 
2 1 .03 0.16 0.30 1 . 31 0.92 3.72 
4 1 . 11 0.17 0.29 1 .22 0. 80 3.58 
6 0. 21 0.05 0.13 0.39 0.24 1 .03 

DP 0 1. 07 0.13 0.27 1 .20 0.77 3.44 
2 1 . 15 0.17 0. 28 1 .24 0.77 3.61 
4 1.02 0.17 0.29 1 . 13 0.73 3.34 
6 1.02 0.15 0.27 1 .14 0. 71 3.29 

LSD ( P < 0 . 05 ) 0.06 0.04 0.03 0.05 0.06 0.18 
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months of storage, but palmitic, stearic and oleic acids remained stable 

throughout storage. Beyond 4 months of storage, the total FA recovered 

from the seed, flour and AP was significantly less (P <0.05) than that 

found before storage (Table 4.3), mainly as a result of the decrease in 

polyunsaturated FA. The total FA of the flour stored for 6 months did 

not differ significantly (P < 0.05) from that determined before storage. 

All the FA of DP remained stable throughout storage at 64% ERH. 

During storage at 79% ERH, linolenic and linoleic acids decreased 

significantly (P < 0.05) in the seed, flour and AP (Table 4.9). The greatest 

change occurred in linolenic acid which decreased from 0.53 g/100 g sample 

at 0 months to 0.31 g after 6 months storage of the seed, from 0.53 g to 

0.07 g in the flour and from 0.92 g to 0.24 g in AP (Table 4.9). The 

changes in the FA of the seed during storage at 79% ERH were similar to 

those observed at 64% ERH (Table 4.8), showing decreases only in the poly

unsaturated FA while the saturated FA remained stable. However, in the flour 

and AP, the concentrations of palmitic, stearic and oleic acids, which were 

stable at 64% ERH (Table 4.8), decreased significantly (P< 0.05) after 2 to 

4 months of storage at 79% ERH (Table 4.9). The ·palmitic acid of the flour 

decreased from 0.61 g at 0 months to 0.07 g after 6 months of storage, while 

palmitic acid dropped from 1 . 02 g to 0. 21 g in AP within the same period 

(Table 4.9). The total FA of the flour declined from 2.16 g/100 g sample 

before storage to 0.38 g/100 g sample after 6 months of storage. Correspond

ingly, the FA content of AP decreased from 3.66 to 1 .03 g/100 g sample 

during storage. Apart from a slight decrease in the linolenic and 

linoleic acids, the FA of DP remained stable throughout storage at 79% ERH. 

The FA composition of legumes is frequently reported on a relative 

percent basis (Betschart and Kinsella, 1975; Mahadevappa and Raina, 1978). 
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This presentation can be misleading, when evaluating the effects of 

lipid deterioration during storage on the FA composition of the products. 

As illustrated in Figure 4.7, the relative composition, expressed as 

percent FA,shows that initially decreases in the linolenic and linoleic 

acids of the seed, flour and AP stored at 79% ERH, resulted in apparent 

increases in palmitic and oleic acids. Furthermore, there were no 

indications whether the absolute quantities of FA were high or low. 

However, when FA were expressed as g FA/lOOg sample, decreases in polyenoic 

FA did not affect the saturated FA, as depicted in Figure 4.7. Decreases 

in the FA of the flour and AP during storage were also revealed. For 

these reason~ FA data presented in absolute quantities (Tables 4.8 and 

4.9) provide more meaningful results. 

4.4.2.2 FFA composition 

The effects of storage on the FFA composition of the cowpea 

products are presented in Tables 4.10 and 4.11. Before storage, the FFA 

were low in all the products. During storage at 64% ERH, FFA in the seed, 

flour and AP increased quantitative 1 y and as a percent of the total FA 

(Table 4.10). At the end of 6 months• storage, the seed contained 0.18g 

FFA/1 OOg samp 1 e, which represented 10.2% of the tota 1 FA (Tab 1 e 4. 10). 

Table 4.10 also shows that over half of the FA of the flour and AP 

appeared as FFA after 6 months of storage at 64% ERH. DP showed minimum 

increase in FFA throughout storage at 64% ERH. 

The lipid of the products stored at 79% ERH hydrolyzed more 

rapidly than that at 64% ERH (Table 4.11). The FFA of the seed increased 

to 33% of the total FA after 6 months of storage compared to 10% of 

the total FA at 64% ERH in the same period. The FFA of the flour and AP 



Fig. 4.7. Relative and absolute composition of the total fatty acids 

in the cowpea products stored at 79% ERH. 
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Table 4.10 Free fatty acid composition of cowpea products during 
6 months of storage at 64% ERH 

FFA g/100g Samele (drx basis) 

Storage 
period Total % of 

Product (months) 16:0 18:0 18:1 18:2 18:3 FFA total FA 

Seed 0 0.01 ta 0.01 0.01 t 0.03 0.9 
2 0.02 t 0.02 0.02 0.02 0.08 3.7 
4 0.06 0.01 0.05 0.05 0.02 0.19 9.6 
6 0.06 0.01 0.03 0.06 0.02 0.18 10.2 

Flour 0 0.03 t 0.03 0.03 t 0.09 4.3 
2 0.18 0.03 0.03 0.18 0.18 0.60 28.6 
4 0.25 0.04 0.07 0.29 0.22 0.87 46.3 
6 0.31 0.04 0.08 0.38 0.27 1 .08 55.4 

AP 0 0.05 t 0. 01 0.07 0.07 0.20 5.6 
2 0.36 0.07 0. 11 0.43 0.35 1 . 32 37.2 
4 0.48 0.07 0.12 0.47 0.27 1. 41 51.8 
6 0.48 0.11 0.17 0.48 0.21 1.45 52.1 

OP 0 0.01 NOb t 0.01 NO 0.02 0.6 
2 0.02 NO ·t 0.02 NO 0.04 l. 2 
4 0.02 t 0.01 0.02 0.01 0.06 l .8 
6 0.04 0.01 0.02 0.07 0.04 0.18 5.6 

a -t - < 0.005g. 

b NO = not detectab 1 e . 
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Table 4.11 Free fatty acid composition of cowpea products during 
6 months of storage at 79% ERH 

FFA g/lOOg (dri: basis) 
Storage 
period Total % of 

Product (months) 16:0 18:0 18:1 18:2 18:3 FFA total FA 

Seed 0 0.01 ta 0.01 0.01 NOb 0.03 1 .4 
2 0.12 0.02 0.05 0.12 0.04 0.35 16.6 
4 0.17 0.02 0.06 0.15 0.05 0.45 24.6 
6 0.22 0.03 0.08 0.22 0.07 0.62 33.1 

Flour 0 0.03 t 0.05 t t 0.08 3.7 
2 0.30 0.05 0.08 0.37 0.19 0.99 59.6 
4 0.22 0.06 0. 11 0.30 0.12 0. 81 56.6 
6 0.04 0.01 0.01 0.04 0.02 0.12 31 .6 

AP 0 0.07 0.02 0.02 0.07 0.08 0.26 7.1 
2 0.53 0.06 0.13 0.65 0.45 1.82 48.9 
4 0.30 0.03 0.08 0.36 0.24 1 .01 28.2 
6 0. 02. 0.01 0.02 0.04 0.01 0.10 9.7 

OP 0 0. 01 NO t 0.01 NO 0.02 0.6 
2 0.02 NO t 0.02 NO 0.04 1 . 1 
4 0.05 0.01 0.01 0.05 0.02 0.14 4.2 
6 0.14 0.02 0.05 0.17 0.06 0.44 13.4 

a t = < 0.005 g. 
b NO = not detectable. 
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amounted to 59.6% and 48.9%, respectively, after 2 months in storage. 

Apart from seed lipases, additional lipase activity was supplied 

by mo 1 ds, which were present on these products. Beyond 2 months of 

storage, decreases similar to those observed in the total FA (Table 4.9) 

occurred in a 11 the FFA of the flour and AP. The major 1 asses were found 

in linolenic, linoleic and palmitic acids. The lipid hydrolysis of DP 

was minima 1 during the first 4 months of storage at 79% ERH, but there 

were definite signs of high lipolysis at the 6 months sampling date. 

4.4.2.3 Short chain FA of AP before and after storage 

The disappearance of FA, including the usually stable saturated 

FA, prompted the investigation of the cowpea short chain FA down to .C6:0. 

Tnis evaluation was to indicate whether the disappearing FA were being 

oxidized to short chains. The AP was selected because of its relatively 

high lipid content and potentially high accumulation of oxidation or 

hydrolysis products. A representative chromatogram of the total FA in 

the control AP, analyzed down to C6:0,appears in Figure 4.8. The FA of 

shorter chain length than Cl6:0 were tentatively identified as 

pentadecanoi c and myristic acids by retention time and co-chromatography. 

These FA are natural constituents of cowpea lipids. After 6 months of 

storage at 79% ERH,additional peaks, shorter than myristic acid, were 

observed (Fig. 4.9). Some of the peaks corresponded to caproic, 

heptanoic, caprylic and lauric acids by retention time and co-chromato

graphy with standard FA. GLC data!however, cannot be considered as 

absolute evidence for identification. Thu~ the appearance of short chain 

peaks may be a further indication of lipid oxidation during storage. The 

small quantities ( < 0.005 g) of the low molecular weight compounds would 



Fig. 4.8. Typical GLC chromatogram showing the short chain fatty acids of AP before sto~age. --' 
0 
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Fig. 4. 9. Typical GLC chromatogram showing the short chain fatty acids of AP after 6 months • 

storage at 79% ERH. 
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indicate a rapid rate of disappearance, but this study provided little 

evidence concerning the mechanism by which the FA disappeared. 

4.4. 3 L i poxygenase activity of cowpea products 

The1ipoxygenase activity was determined in an attempt to gain some 

insight into the factors responsible for the changes in FA during storage. 

Optimum enzyme activity of the cowpea products was found at pH 6.5 as 

shown in Appendix B. The control sample of AP exhibited the highest 

lipoxygenase activity of ,99,400 units/g (Table 4.12), followed by lower 

activities of approximately 80,000 units/g in both the seed and flour. The 

high activity of lipoxygenase in the dry-processed products was 

consistent with the observed decrease of polyunsaturated FA (Tables 4.8, 

4.9 and 4.11). Storage reduced the enzyme activity, the decrease being 

greater at 79%ERHthan at 64% ERH (Table 4.12). The lipoxygenase was still 

active at the end of 6 months of storage. No lipoxygenase activity was 

detected in the DP (Table 4.12). These results were supported by the 

observed stability of the FA in DP (Tables 4.8 and 4.9). 

4.4.4 Effect of storage on hydroperoxides, total carbonyls and acidity 
production in cowpea lipids 

Determinations of peroxide value, thiobarbituric acid value (TBA) 

and fat acidity are extensively used in assessi:ng the state of lipid 

deterioration. These assays were also conducted in this study to 

evaluate the rate of deterioration of cowpea lipids during storage. 

4.4.4.1 Peroxide value 

Table 4.13 shows the rate of hydroperoxide accumulation by cowpea 

lipids during storage. The peroxide values determined at 64% ERH and 79% 



105 

Table 4.12 Lipoxygenase activitya,b in stored cowpea products (units/g, 
dry basis) 

Control 4 months 6 months 

Product 79% ERH 64% ERH 79% ERH 

Seed 80 '000 2:. 600 5,700 :!:. 300 11 ' 600 2:. 1 00 3,900 2:. 300 

Flour 80 '300 2:. 600 6,900 :!:. 300 9 '500 :!:. 600 6 ,900 2:. 400 

AP 99,400:!:. 300 12,600 :!:. 100 16 ,400 :!:. 100 8,400 :!:. 100 

OP 0 0 0 0 

a One unit activity is defined as an increase of O.lA 234/min. 

b Mean .:t_ standard error, n = 2. 
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Table 4.13 Peroxide valuesa of cowpea products stored at 64% ERH and 
79% ERH for 6 months (Meq. peroxide/kg lipid, dry basis) 

Product 0 ~1onths 2 Months 4 Months 6 Months 

64% ERH 

Seed 0.8 + 0.5 4.0 + 0.6 5.1 + 0.7 5.6 + 0.7 

Flour 0.8 + 1.2 2.7 + 1.2 3.7 + 1.0 3.1 + 1.1 

AP 2.8 + 0.6 4.6 + 1.3 3.4 + 0.4 3.7 + 1.0 

DP 2.8 + 0.6 2.7 + 0.8 4.0 + 0.9 2.9 + 0.3 

79% ERH 

Seed 3.4+1.1 5.2 + 0. 5 4.9 + 2.0 4.1 + 1.0 

Flour 1.5 + 0.5 4.1 + 0.8 3.5 + 0.6 5.4 + 0.4 

AP 0.8 + 0.6 2.9 + 0.3 3.2 + 1.0 3.9 + 0.4 

DP 5.3 + 0.5 4.3 + 1.5 4.3 + 1.6 3.1 + 0. 5 

a Mean :_ standard error, n = 2. 
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ERH were generally low. There were minor differences in the peroxide 

values of the products at 64% ERH and 79% ERH before storage. These 

differences possibly occurred as a result of moisture adjustment prior 

to storage. The peroxide values of the seed, flour and AP increased 

slightly during the first 2 months of storage at both ERHs and remained 

stable thereafter. The hydroperoxides of DP tended to be high initially 

and remained relatively stable during storage. 

4.4.4.2 TBA assay 

The TBA assay was conducted to monitor the carbonyls accumulated 

from the decomposition of the hydroperoxides. The TBA assay appeared to 

be a more sensitive measure of lipid oxidation than the peroxide value 

(Fig. 4.10 and 4.11). At both 64 and 79% ERH, the TBA value of DP 

remained consistently low during storage. The low TBA values found in 

DP were consistent with the lack of lipoxygenase (Table 4.12). The TBA 

values of the flour and AP increased for the first 2 months of storage 

at either ERH,then decreased (Fig. 4.10 and 4.11). The high TBA values 

of AP could have been due to the high lipoxygenase activity (Table 4.12). 

TI1e decrease in the polyunsaturated FA (Tables 4.8 and 4.9) and 

the loss of lipoxygenase activity during storage (Table 4.12) almost 

certainly contributed to the decrease in total carbonyls. 

4.4.4.3 Acidity 

4.4.4.3.1 Fat acidity 

Fat acidity was determined as an indicator of lipid oxidation and 

hydrolysis. The most rapid increase in fat acidity for products stored 

at 64% ERH occurred during the first 2 months of storage. Fat acidity 
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Fig. 4.10 .. TBA values of cowpea products stored at 64% ERH. 
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Fig. 4. 11 . TBA va 1 ues of cowpea products stored at 79% ERH. 
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increased more gradually later in storage as some of the released FFA 

were being oxidized (Fiq. 4.12). The fat acidity of the seed increased 

very ·slowly-compared to the flour and AP, whose cellular structures had 

been disrupted by milling. The fat acidity of DP was consistently low 

throughout storage. 

Fat acidity increased more rapidly during the first 2 months of 

storage at 79% ERH, than at 64% ERH (Fig. 4.13). Beyond 2 months in 

storage, the fat acidity of the seed, flour and AP declined, possibly 

due to a decrease in extractable lipids and modification of the fatty 

acids. Fat acidity of DP remained low during the first 2 months at 79% 

ERH (Fig. 4.13). The rise in the fat acidity of DP at 4 and 6 months 

reflects the observed increase in FFA (Table 4.11) at these storage 

periods. All the fat acidity results were in agreement with the FFA 

analysis (Tables 4.10 and 4.11). 

4.4.4.3.2 .eli 

The seed, flour and AP originally had a pH of 6.7 (Fig. 4.14). 

Processing DP included the addition of lime to promote protein dispersion 

at an increased pH of 8.8. 

During storage at 64% ERH, the pH of the seed, flour and AP 

decreased slightly,mainly due to an increase in FFA. The decrease in the 

pH of OP at 64% ERH was partly due to the slight increase in FFA. 

The seed, flour and AP stored at 79% ERH became increasingly 

acidic during the first 2 to 4 months of storage. The decrease in pH was 

mainly due to an increase in FFA (Table 4.11 and Fig. 4.13). Subsequent 

to 2 or 4 months in storage, the pH rose again as the FFA disappeared. 

The increase in pH was particularly rapid for the flour. The pH of DP 

continued to decrease throughout storage at 79% ERH. 
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Fig. 4.12. Fat acidity of cowpea products stored at 64% ERH for 6 months. 
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Fig. 4.13. Fat acidity of cowpea products stored at 79% ERH for 6 months. 
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4.5 Changes in amino acid composition and available lysine of cowpea 
products during storage 

4.5.1 Amino acid composition 

Amino acid analysis was carried out on the cowpea products to 

determine whether changes occurred during storage. The results appear 

in Table 4.14 together with the FAO recommended essential amino acid 

profile. For comparison purposes the amino acid data was adjusted to 

100% recovery. 

The principal amino acids were glutamic acid, aspartic acid, 

leucine, arginine and lysine. Methionine and cystine were low. Cystine 

was particularly low in the flour and DP. Leucine and phenylalanine 

plus tyrosine were in excess of the FAO values, while threonine, 

isoleucine and valine ranged from slightly low to adequate. 

The FP was specifically included in the analysis to determine 

 whether drum drying destroyed some essential amino acids. FP and DP 

were the same batch to the point of drying. Table 4.14 shows that lysine 

and cystine could have been partially destroyed on the drum, since FP 

contained relatively higher lysine and cystine levels than DP. 

After 6 months of storage at 79% ERH, the protein content of the 

seed, AP and DP was higher than that in the control products. The major 

loss of amino acids after storage was in the total lysine, particularly 

for DP. Other amino acids, which decreased in some products during 

storage were methionine, cystine, arginine and glutamic acid. 

4.5.2 Available lysine determination 

A major consideration in producing protein-rich cowpea products is 

the relatively high content of lysine. The high lysine in cowpea 

products would allow supplementation of cereal products, where lysine is 



Table 4.lfl Amino acid composition of cowpea products before and after 6 months of storage at 79% ERH 
(gaa/16g sample N) 

Control After storage 

SEb 
FAO/WHO 

Amino acid Seed Flour AP OP FP Seed Flour AP OP 1973 

Aspartic acid 12. 1 11 . 3 11.5 11 . 5 11 .6 12. l 12.4 11.6 12.6 0.3 
Threonine 4.0 3.9 3.9 3.8 3.9 4.0 4.2 4.0 4.1 0.1 4.0 
Serine 4.9 5.1 5.3 5.2 5.0 5.3 5.4 5.4 5.3 0.1 
Glutamic acid 18.3 18.6 18.0 19. 1 18.7 17.4 17.6 17.6 19.2 0.6 
Proline 4.5 4.4 4.3 4.5 4.3 4.1 4.8 4.4 4.3 0.1 
Glycine 4.3 4.2 3.9 3.8 3.9 4.0 4.1 3.9 4.0 0.3 
Alanine 4.5 4.6 4.3 4.5 4.4 4.3 4.5 4.5 4.5 0.2 
Valine 4.9 4.4 4.9 4.7 4.8 5.0 5.0 5.2 5.0 0.1 5.0 
Half-Cystine 1 . 1 0.8 1 .0 0.7 1. 2 0.8 0.7 0.7 0.7 0.3 3.5c N 
Methionine 1.5 1.9 1. 6 1 . 7 1 .4 1. 3 1 . 3 1. 4 1. 4 0.3 0 

Isoleucine 4.0 4.2 4.2 3.9 4.1 4.1 4.3 4.3 4.2 0.2 4.0 
leucine 7.6 7.4 7.8 7.7 7.5 7.9 8.1 8.0 7.9 0.2 7.0 
Tyrosine 2.9 3.2 3.1 3.2 3.4 3.2 3.4 3.5 3.4 0.2 6.0d Phenylalanine 5.4 5.8 5.6 5.6 5.8 5.4 4.9 5.8 5.5 0.3 
lysine 6.8 7.0 7.0 7.1 7.5 6.3 6.4 6.3 5.5 0.1 5.5 
Histidine 3.1 3.2 3.2 3.1 3.1 3.5 3.0 3.0 2.9 0.1 
Arginine 7.2 7.4 7.5 6.8 6.6 7.1 6.5 7.1 6.2 0.2 
Tryptophan a 1 . 1 1 . 1 1 . 1 1 . 1 1 . 1 1 . 1 1 .1 1 . 1 1 . 1 1.0 
Ammonia 1.8 1 .5 1.8 2.0 1 . 7 3.1 2.3 2.2 2.2 0.1 
Total 100 100 100 100 100 100 100 100 100 
% Recovery 95.4 89.9 91.6 91.4 96.6 97.9 105.6 113.3 101.6 
Protein content % 

(N x 6.25) 26.8 27.5 52.0 57.8 56.3 27.5 27.6 55.8 60.0 

a Source: FAO (1972). 
b SE = standard error, n = 18. 
c Methionine + cystine. 
d Tyrosine+ phenylalanine. 
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limiting but sulfur amino acids are in excess. Lysine is, however, 

very vulnerable to loss. Consequently, available lysine determination 

yields more critical nutritional information than total lysine. 

Table 4.15 shows that, before storage, most of the lysine in the 

products was available (94.4 to 98.5%). The lysine of OP was the least 

available before storage. The greatest loss in total and available 

lysine during storage was found in OP, where lysine decreased by 22.5 to 

26% and onlY 83% of the remainder was available (Table 4.15). A slight 

decrease occurred in the available lysine of the other stored cowpea 

products. 

4.6 Functional properties, color and sensory evaluation of cowpea 
products 

4.6.1 Functional properties 

4.6.1 .1 Nitrogen solubility profile 

The nitrogen solubility of protein foods is a property that is 

related to several functional properties, such as emulsification and 

foaming (Kinsella, 1976). Nitrogen solubility is, therefore, the first 

property to study in systematic investigations of functional properties. 

The flour and AP were highly soluble over most of the pH range before 

storage (Fig. 4.15 and 4.16). The point of minimum solubility or the 

isoelectric point (IP) was found at pH 4.5 and nitrogen solubility 

increased at more acid or alkaline pH values. 

Flour and AP stored at 64% ERH for 6 months showed only a small 

reduction in nitrogen solubility. After storage at 79% ERH,the flour 

was less than 50% soluble from pH 2.0 to pH 9.0 and the AP to pH 8.5. 

The control DP was less than 30% soluble between pH 2.0 to pH 8.0 and 

became even less soluble during storage at 64% ERH and 79% ERH (Fig. 4.17). 



Table 4.15 Avai.lable lysine of cowpea products before and after 6 months of storaqe at 79% EnH 
(gaa/16g Sample N) 

0 tvlonths 
% Protein Total 

Product (dry basis) ltsine 

Seed 26.8 6.8 

Flour 27.5 7.1 

AP 52.0 7. l 

DP 57.8 7.2 

FP 56.3 7.5 

a SE = Standard error, n = 4. 
b NM = Not measured. 

Available 
l~sine 

6.7 

6.9 

6.9 

6.8 

7.2 

6 Months 

SEa 
% % Protein Total Available 

Available (dry basis) lysine ltsine 

0.3 98.5 27.5 6.3 5.9 

0.2 97.2 27.6 6.1 5.8 

0.1 97.2 55.8 6.4 6.0 

0. l . 94.4 60.0 5.3 4.4 

0.1 96.0 NMb N~1 NM 

% 
SE Available 

0.4 93.7 

0.2 95.1 

0.1 93.8 
--' 

0.1 83.0 N 
N 

NM NM 
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Fig. 4.15. Influence· of storage on the nitrogen solubility profiles 

of cowpea flour. 
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Fig. 4.16. Influence of storage on the nitrogen solubility profiles 

of AP. 
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Fig. 4.17. Influence of storage on the nitrogen solubility profiles 

of DP. 
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4 .• 6.1.2 Water hydration capacity (HHC) 

The ability of many high protein foods to bind water is generally 

important in achieving the desired texture and mouth feel. Therefore, 

when replacing conventional proteins, substitute proteins must often,in 

addition to other properties, possess suitable \~HC. 

Table 4.16 shows that the OP control had the highest WHC (2.04 ml/g) 

of all the cowpea products. The WHC of OP also compared quite favorably 

with the values of Soyafluff 200W (2.31 ml/g). Storage caused little or 

no change in the WHC of the products. 

4.6.1 .3 Oil absorption 

Absorption of specific levels of oil by many food products improves 

mouth feel and flavor retention. The oil absorption of the cowpea 

products was similar to that of the soy products and there were no marked 

effects due to the storage conditions employed in this study (Table 4.16 ). 

4.6.1 .4 Oil emulsification 

Emulsification properties play a significant role in many food 

systems including meat products, batters, doughs and salad dressings. 

Good emulsifiers have hydrophilic and hydrophobic properties which enable 

the formation and stabilization of emulsions. 

Except for OP, the cowpea products showed much higher oil 

emulsifying stability than the soy products (Table 4.16). The ability to 

stabilize oil emulsions decreased in all of the products stored at 79% ERH, 

while storage at 64% ERH seemed to increase the emulsifying stability of 

AP. 



Table 4.16 Functional properties of cowpea products stored for 6 months 

\4ater 
Protein hydrati og Oil Foaming a 
content Nitrogen capacity Oil emulsificationa capacity 

(N x 6.25) solubilitya (HHC) absorption (pH 6.8) (pH 6 .8) 
Product ERH% (%) (pH 6. 8) (m1/g} (ml/g) (%) (%} 

Flour Control 27.5 + 0.5. 78.0 + 0.5 0.90 + 0.06 1.4 + 0.1 32.2 + 1'.4 155 + 08 

64 27.5 + 0. 6 72.5 + 0.6 0. 94 + 0.07 1.3+0.1 33.0 + 0.6 445 + 16 

79 27.6 + 0.6 18.0 + 0.5 
- b 

0.89 + 0.06 1.6 + 0.1 16.2 + 1.3 163 + 10 
...... 
w 

AP Control 52.0 + 0.4 80.0 + 0.5 1.40 + 0.07 1.5 + 0.0 40.8 + 0.7 383 + 27 0 

64 52.0 + 0.5 70.0 + 0.4 1 .60 + 0.07 1.5 + 0.0 52.0 + 1.2 518 + 06 

79 55.8 + 0.7 25.0 + 0.3 
- b 

1.67 + 0.08 2.0 + 0.1 41.0 + 0.9 250 + 06 

DP Control 57.8 + 0.4 23.0 + 0.0 2.04 + 0.07 1.9 + 0.0 8.2 + 2.0 258 + 14 

64 57.8 + 0.7 12.5 + 0.4 1.74 + 0.07 1.8 + 0.0 1 .4 + 0.0 155 + 04 

79 60.0 + 0.4 11.0 + 0.2 
- b 

1.88 + 0.08 1.7 + 0.0 0.8 + 0.2 0 

Soyafluff 
200W -- 54.7 + 0.8 76.5 + 0.1 2 .;n ~ o.o6 1.2 + 0.1 12.1 + 2.1 248 + 02 

Promosoy 
100 -- 70.2 + 0. 7 8.2 + 0.1 2.69 + 0.07 1.5+0.0 10.7 + 1.4 98 + 03 

Egg albumin 492 + 02C -

a ~1ean ~ standard error n = 2. 

b Storage period= 4 months. 

c Natural pH .. 
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4.6.1.5 Foaming properties 

Foaming capacity and foaming stability are useful in food systems, 

which require aeration for textural, aesthetic and leavening properties. 

The foaming capacity measured at l min was higher for the AP and DP 

control samples than for the soy products (Table 4.16). Storage at 64% 

ERH increased foaming in the flour and AP to the capacity of egg a 1 bumi n. 

The high initial foaming capacity of DP was reduced substantially by 

storage at 64% ERH. Storage at 79~ ERH decreased foaming capacity of the 

flour and AP and completely destroyed the foaming capacity of DP. 

The foam stability of the flour and AP control samples compared 

quite favorably with the egg albumin (Fig. 4.18). The foam stability of 

the flour and AP control samples was considerably better than that of the 

soy products. The DP control exhibited the poorest foam stability of all 

the products, dropping sharply within a short period of standing. 

The flour and AP sti 11 produced stab 1 e foams after 6 months of 

storage at 64 and 79% ERH. However, the foaming abi 1 i ty of DP was 

destroyed in the stored samples (Fig. 4.18). 

4.6.2 Coior 

Before storage, the appearance of DP was an attractive cream color, 

compared to the flour and AP, which were off-white (Fig. 4.19). The 

freshly ground whole seed was a little darker than the flour and the AP. 

This was due to the presence of hulls in the seed sample. The Hunterl ab 

color values were determined for all the cowpea products (Fig. 4.20). 

The seed, flour and AP stored at 64% ERH only darkened slightly, 

as indicated by appearance and the relatively constant L-values (Fig. 

4.19 and 4.20). However, DP darkened under 64% ERH storage. DP also 
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Fig. 4.19. Changes in the color of covrpea P,roducts stored for 6 months:. 

1 - ground seed; 2 - flour; 3 -AP; 4 - DP; A - control; 

B - 64% ERH; C - 79% ERH. 
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tended to redden during storage as shown by the increase in the +a values 

(Fig. 4.20). The yellowness (+b) also increased in DP stored at 64% ERH. 

Products stored at 79% ERH generally darkened,as denoted by 

appearance (Fig. 4.19) and a decrease in L values (Fig. 4.20). The 

products also became increasingly red (+a) and yellow (+b) during storage. 

The greatest color change appeared in DP. The color values of the control 

samples stored at -20°C for 6 months were identical to the values 

obtained for the cowpea products prior to storage. 

4.6.3 Flavor evaluation of cowpea products after 6 months of storage at 
64% ERH 

A taste panel was carried out by 22 panelists to reveal whether 

there were flavor changes in the cowpea products as a result of storage. 

By means of a triangle test for flavor evaluation, significant differences 

were detected between the cowpea products stored at 64% ERH for 6 months 

and the1r control samples (Table 4.17). The differences were 

significant at P< 0.01 for the flour and P< 0.001 for AP and DP. 

Products stored at 79% ERH were not evaluated as they developed mold 

during storage·. 

The dominant flavors in the control products were legume and 

bitter for the flour and AP, while cereal, sweet, cooked and toasted 

predominated in DP (Table 4.18). Although deteriorative flavors were not 

detected in the control products by most of the panelists, 1 to 3 

panelists found traces of stale, musty, fishy and earthy flavors. No 

rancidity or sourness was detected in any of the control products. 

The 1 egume flavor decreased and the bitterness increased in the 

flour and AP stored at 64% ERH for 6 months (Table 4.19). Rancidity was 

reported in the stored flour and AP but not in DP. Sourness was detected 
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Table 4.17 Flavor comparison of cowpea control samples and the products 
stored at 64% ERH for 6 months 

Product 

Flour 

AP 

DP 

Number of 
panelists 

22 

22 

22 

Level of significance **P<O.Ol, ***P<O.OOl. 

Number of 
correct responses 

14** 

15*** 

16*** 
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Table 4.18 Flavor evaluation of control cowpea products 

Flavor Flour AP OP 

Positive Flavor Positive Flavor Positive Flavor 
responses- score responses score responses score 

n=22 n=22 n=22 

Legume 11 1 .30 14 1 .86 3 0.18 

Nutty 3 0.14 3 0.14 3 0.32 

Cereal 0 0.00 1 0.05 9 0.68 

Bitter 5 0.45 4 0.41 2 0.18 

Sweet 2 0.09 3 0.14 7 0.64 

Sour 0 0.00 0 0.00 0 0.00 

Cooked 4 0.23 2 0.14 9 0.64 

Toasted 0.14 0 0.00 6 0.54 

Stale 0.09 0 0.00 3 0.18 

Rancid 0 0.00 0 0.00 0 0.00 

Musty 2 0.13 1 0.09 2 0.18 

Fishy 0 0.00 0 0.00 0.09 

Earthy 0.18 1 0.14 0.09 

Astringent 0 0.00 0 0.00 0 0.00 

Flavor Score: 1 = weak, 2 = moderate, 3 = strong. 
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Table 4.19 Flavor evaluation of cowpea ·products after 6 months of 
storage at 64% ERH 

Flavor Flour AP DP 
Positive Flavor Positive Flavor Positive Flavor 
responses score r~sponses score r.esponses score 

n=22 n=22 n=22 

Legume 11 1 .00 7 0.59 2 0.14 

Nutty 2 0.14 2 0.14 7 0.50 

Cereal 0 0.00 2 0.18 4 0.32 

Bitter 9 0.91 8 0.73 2 0.27 

Sweet 0 0.00 2 0.09 5 0.36 

Sour 2 0.14 3 0.32 3 0.27 

Cooked 3 0.32 2 0.14 4 0.45 

Toasted 1 0.14 0.05 6 0.68 

Stale 3 0.18 2 0.14 2 0.18 

Rancid 2 0.23 2 0.14 0 0.00 

Musty 3 0.32 3 0.18 5 0.32 

Fishy 0 0.00 0 0.00 2 0.09 

Earthy 1 0.09 0 0.00 2 0.23 

Astringent 1 0.09 0 0.00 0 0.00 

Flavor Score: 1 = weak, 2 = moderate, 3 = strong. 
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in all the cowpea products. Mustiness was scored slightly higher in the 

stored products (Table 4.19) than in the control samples (Table 4.18). 



5. DISCUSSION 

5.1 Properties of cowpea products before storage 

5.1.1 Physical and chemical characteristics 

5.1 .1 .1 Physical characteristics 

The photomicrographs in Figures 4.1 and 4. 2 show that the dry

processed flour, AP and starch fractions contained protein and/or starch 

particles, which were similar in shape and appearance to the ones 

observed i~ air-classified field peas (Reichert and Youngs, 1978). These 

workers showed field pea starch granules with rough surfaces as was also 

evident for cowpea starch in this study (Fig. 4.2-A). Figure 4.2-B 

shows some evidence of mechanical damage to the starch as was reported 

in air-classified starches (Vase, 1977). The author found 40% damage in 

pea starch granules. Corn starch granules which were _smaller resulted 

in only 8% damage after the four passes through the pin mill. The cowpea 

flour was pin milled twice in the present study, and starch damage 

appeared to be less than 10%. 

While the dry-processed products contained visible cellular 

stuctures, DP occurred as thick flakes and none of the original 

structures were evident. According to Martinez (1979), protein 

concentrates produced by heat denaturation lack any recognizable 

structures. 

5.1.1 .2 Chemical characteristics 

Cowpeas contain a relatively high protein content, in excess of 20%, 

which was one of the reasons for recommending urgent research attention to 

this product (PAG, 1973). The cowpea seeds processed for this study 

contained 26.8% protein (Table 4.1), but lower values of 22.1% (Molina et 
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a1 .~1976) and higher contents in excess of 30% (Bliss, 1915) have been 

reported. Genetic diversity and environmental factors account for the 

variation (Bliss, 1975). Dry processing of cowpeas into flour by 

dehulling and pin milling increased the protein content slightly from 

26.80% to 27.50% (Table 4.1). The hull fraction contained 26.43% protein 

in this study (Table 4.1). However, Reichert (1977) reported 13.70% and 

18.73% protein in cowpea hulls while Singh et al. (1968) found 10.7% 

protein in the hulls of Indian cowpeas. Thus, the high protein content of 

the hulls in the present investigation reflects the separation of the 

seed embryo and part of the cotyledon into the hull fraction. The dry

processed fine fraction or protein-rich product (AP) contained 51.96% 

protein (Table 4.1). Vase et al. (1976) determined 53.13% and 61.88% 

protein in air-classified, protein-rich fractions of field pea and 

fababean, respectively. Also, Sosulski and Youngs {1979) obtained fine 

fractions that contained 47.7 to 66.6% protein after a single pass air 

classification of several low-lipid grain legumes. The authors also 

reported 12.2 to 15.6% residual protein in the coarse or starch-rich 

fractions. In the present study, starch was remilled and air classified, 

thus the lower protein content (9.93%) found in the starch-rich fraction 

would be expected. By remilling and air classification, Vase et al. 

(1976) reduced the protein content in dehulled field pea and fababean 

starch fractions to less than 5%. 

Vase et al. (1976) and Sosulski and Youngs (1979) observed that 

during air classification most of the lipid and ash segregated with the 

fine protein-rich fraction as was a 1 so evident in the present 

investigation (Table 4.1). The concentration of the lipid into the AP 

implies that this product would be susceptible to lipid deterioration. 



Wet processing of the flour produced the protein-rich fraction DP 

that contained a higher protein content (57.80%) than the dry-processed 

AP (51.96%) (Table 4.1). The ash content of OP was also higher than 

that of AP due to the addition of lime for facilitating protein 

dispersion. The DP, however, contained less ether-extractable lipids 

and crude fiber than the AP. Field peas processed by similar wet and 

dry procedures (Anonymous,l974) contained more lipid and fiber in AP 

and higher ash in OP. 

5.1.2 Microflora 

r4ost of the microorganisms on freshly harvested grains are removed 

with the seed coat during milling (Christensen, 1951; Frazier, 1967; 

Bothast et al., 1974). Contamination usually occurs during subsequent 

processing as was evident in this study (Tables 4.2, 4.3 and 4.4). The 

differences between the microbial counts of the products at 0 months 

occurred during sample preparation prior to storage. 

Taking the products at 64% ERH as an example, the initial microbial 

counts of the seed (6.2 x 105 APC, 4.1 x 105 yeast and mold) and AP 

(1 .0 x 106 APC, 5.5 x 105 yeast and mold) were typical of commercial 

and primary seed material. Similar microbial counts of 1.8 x 106 bacteria, 

plus yeast and mold were reported in wheat (Vojnovich and Pfeifer, 1967). 

The higher APC (6.2 x 106) and yeast and mold (4.4 x 106) in the flour 

than in the seed were ·attributed to contamination and possible growth by 

microorganisms during processing and moisture equilibrattan before storage. 

The pilot plant facilities employed for preparing the cowpea products are 

not designed speci fica 11 y for commercia 1 production of foods. Also, no 

specific quality control measures were taken before or during processing in 

order to simulate conditions in developing countries. The considerably hi~her 
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microbial counts in the flour as compared to the AP (1 .1 x 106 APC, 

5.5 X 105 yeast and mold) were probably due to growth Of microorganisms 

in the flour during preparation for storage. The flour required a longer 

time ( 10 to 12 hr) to humidity to the desired moisture compared to 5 to 

6 hr for AP. Microorganisms also possibly multiplied during the 

processing of .DP, since the APC of 6.0 x 106 in thts product was 

comparable·to that of the flour (6.2 x 106). The microbial counts showed 

that yeast and molds predominated in the dry process products, while 

bacterial spores were highest in the wet processed DP. 

Accardi ng to Tro 11 er ( 1980), the types of organisms found in a food 

product depend on the aw or unbound water of the food. Water activity is 

related to ERH by the expression ERH = aw x 100 (deMan, 1976) and the 

two terms are used interchangeably when describing water relations in 

foods. Mossel and Ingram (1955) reported that a minimum of 0.91 aw or 

91% ERH is required for bacterial growth, at least 0.~8 aw or 88% ERH is 

necessary for the growth of yeast and a minimum of 0.80 aw or 80% ERH is 

essential for mold growth. Over 0.65 aw or 65% ERH is required for the 

growth of xerophilic molds. Thus, the dominance of molds in dry-processed 

products would have been predicted. During wet processing to produce DP, 

there might have been time for bacterial growth and sporulation. The 

bacteria isolated from DP belonged to the genera Bacillus and some 

Bacillus species have a generation time of 25.8 min under optimum 

conditions (Stanier et al., 1976). In the present study, over 5 to 8 hr 

were required to complete the centrifugation at room temperature followed 

by drying of the extracts at 121 °C for about 15 sec. 
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5.1.3 Crude lipid content and fatty acid composition 

The widespread use of legumes makes this food group an important 

source of lipid and FA for human nutrition (Exler et al., 1977). However, 

there is a general lack of information about the lipids of legumes where 

lipids represent only 1 to 3% of the grain weight (Korytnyk and Metzler, 

1963; Takayama et al ., 1965; Exler et al ., 1977). Although the data 

available is limited, Korytnyk and Metzler (1963) showed wide variations 

in the FA composition of different legume species, and within the same 

species at two stages of maturity. Cowpeas were similar in FA composition 

to lima beans but differed substantially from the distribution in kidney, 

pinto and california small white beans. 

The free lipids {ether-extractable) from the cowpeas used in this 

study amounted to 1. 35% (Table 4. l ) . A comparab 1 e ether extract of l . 5% 

from cowpeas was reported by Korytnyk and r~etzler (1963). The higher 

lipids in the flour (1 .52%) than in the seed was due to hull removal. 

The flour lipids were concentrated with the protein-rich fraction to 2.84% 

by air classification. Wet processing of the flour caused a decrease, 

as indicated by the low lipid contents of 0.84% in DP and 0.67% in the 

FP (Table 4.1). Betschart et al. (1975) obtained higher lipids in the 

freeze-dried product than in the drum-dried sample. Since both the 

freeze-dried and drum-dried cowpea products contained low ether-extractable 

lipids, the heating effect on the lipids that was reported by Betschart 

et al. (1975) was not apparent in this study. 

However, Table 4.5 shows that extracting the ether-extracted residues 

with a polar solvent of chloroform/methanol removed substantial bound lipids 

from the flour (2.62%), the AP (4.47%) and DP (4.82%). The higher amounts 

of lipid in AP than in the flour was due to concentration of the lipids 
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with AP during air classification. The corresponding concentration of 

bound lipids in DP,as in AP, implies that wet pr·ocessing caused no 

reduction in the bound lipid fraction. 

Another measure of total 1 i pi ds in the free ( ether-extractab 1 e) 

and bound (chloroform/methanol extractable) fonn was obtained from the 

total FA determination on each fraction (Table 4.6). The free lipid 

extracts contained 1.17, 2.26 and 0.86 g/100 g sample of total FA in the 

fiour, AP and DP, respectively. These values generally confirmed the 

original ether-soluble lipid levels (Table 4.5), including the 

concentration by the dry process and loss of free lipids ·during wet 

processing. The low recovery of total FA in the bound lipid fractions of 

the flour and AP reflects the high proportion of polar to triglyceride 

lipids in these products, as was observed in wheat products by Burkwall 

and Glass (1965). However, DP contained a much greater quantity of total 

FA in the bound fraction (2.58 g/lOOg sample) than the AP (1 .33 g/100 g 

sample), where the tota 1 bound 1 i pi d was essenti a 11 y the same. 

Apparentl~ the wet processing procedure resulted in a high proportion of 

the triglyceride being incorporated in the bound lipid of DP. According 

to Burkwall and Glass (1965), lipid fractions that contain a great 

proportion of FA are essentially triglycerides. 

The FA composition of the original cowpea products (Fig. 4.6) was 

qua 1 i tati ve 1 y similar to 1 i terature va 1 ues ( Korytnyk and Metzler, 1963; 

Exler et al.,, 1977; Mahadevappa and Raina, 1978). The major FA in 

decreasing order were linoleic, palmitic, linolenic, oleic and stearic 

acids. The two polyenoic acids represented over 60% of the total FA but, 

more important, the linolenic acid was over 20%, strongly suggesting that 

cowpea lipids would be very susceptible to oxidation and production of 

off-flavors. The minor FA indicated in the cowpea products were 
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neptadecanoic, arachidic and behenic acids. Traces of these FA were also 

reported in cowpeas by Korytnyk and Metzler (1963), Rhee and Watts 

(1966a) and Exler et al. (1977). 

The di stri buti on of the tota 1 FA in the ori gina 1 samples between the 

free and bound lipid differed markedly. A greater proportion of the FA of 

the flour and AP was found in the free lipid fraction than in the bound 

lipid, especially wi.th respect to linolenic acid (Table 4.6). Thus, the 

free lipid fraction would be very susceptible to oxidative deterioration 

while the bound fraction should be more stable. In contrast, the free 

lipid fraction of DP was comparatively lower in total linoleic and 

linolenic acids, especially compared to AP. However, the level of 

polyunsaturated FA in the bound fraction \'las essentially double that of 

AP. The storage stability of DP would, therefore, be very dependent on t~e 

susceptibility of the bound polyunsaturated FA to oxidative conditions 

during storage. 

Most of the FFA of the flour and AP were extracted in the free lipid 

(Table 4.7) as was also reported in several legumes by Mahadevappa and 

Raina (1978). However, th~ FFA of DP were apparently lost or bound during 

wet processing and by the harsh heat treatment used for drying. 

5.1 .4 Amino acid composition 

Before storage, the amino acid compositions of all the cowpea 

products were similar (Table 4.14) and consistent with literature 

eva 1 ua ti ons ( Onayemi and Potter, 19 76; Okaka and Potter, 1979b; Evans and 

Soul ter, 1974). As with many other leglJTles, Tab 1 e 4.14 shows that in the 

control products,methionine plus cystine were the first limiting amino 

acids, compared to the FAO reference protein ( FAO/WHO, 1973). Lysine was 
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in excess of the FAO value and the other essential amino acids ranged 

from slightly low to adequate. Since lysine is highly susceptible to 

destruction by heat (Jokinen et a 1., 1976), it is not surprising that the 

drum-dried product (OP) had a slightly lower lysine content than that 

found in freeze-dried FP (Table 4.14). 

Table 4.15 shows that the available lysine of the cowpea products 

(94.4 to 98.4%) was in agreement with literature reports of 97.3 to 97.4% 

(Onayemi and Potter, 1976) and 97.0 to 98.5% (Okaka and Potter, 1979b) . 

. While the FP product showed the highest total and available lysine among 

the cowpea products, the percent available (96.0%) was lower than those of 

t,e flour and AP (97 .2%) and the seed (98.5%). The lower availability of 

lysine in DP (94.4%) reflects the adverse effects of drum drying on the 

free epsilon amino groups in the protein. 

Similar to lysine, FP showed the highest cystine and cysteine and 

a substantial reduction occurred in the OP product. The low value for 

cystine in the flour was presumed to be due to the presence of carbohydrate, 

which was reported to destroy cystine and cysteine during acid hydrolysis 

(Owusu-Demfeh et al ., 1970). The overall essential amino acids of OP 

were only slightly inferior to the other products as the differences were 

small and would be hardly significant. 

5.1 .5 Functional properties 

Nitrogen solubility of protein-rich foods gives information useful 

in the optimization of processing procedures, and in determining. the heat 

treatments which might affect actual and potential applications (Kinsella, 

1976). Nitrogen solubility profile over a range of pH values is being 

used increasingly as a guide to protein functionality, since this property 
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usually correlates with many important properties such as emulsification 

and foaming capacity (Kinsella, 1976). 

Figures 4.15 and 4.16 show that before storage the dry-processed 

cowpea products exhibited a characteristic pH-solubility curve similar to 

that shown in Figure 2.1 and those reported by severa 1 researchers (Fan 

and Sosulski, 1974; Betschart et al., 1979). ~1inimum solubility was found 

at pH 4.5. Sefa-Dedeh (1978) reported the IP of cowpea flour at pH 4.4 

and Okaka and Potter (1979a) found minimum solubility at pH 4.0. The 

characteristic pH-solubility curve may be explained from basic protein 

chemistry. On the alkaline side of the IP, the proteins have a negative 

charge and repulsive forces cause an increase in solubility. At the IP 

the net charge is zero, the molecules, therefore, come closer together 

and attractive forces dominate causing a minimal solubility. On the acid 

side of the IP the net positive charge causes solubility to increase. 

Protein products which have been heat-processed are reported to 

exhibit low nitrogen solubilities (lin et al., 1974; Betschart, 1974). 

This was found to be true for the control sample of DP in this study 

(Figure 4 .·17). The pH of the extracting medi urn had to be adjusted to pH 

9 before more than 30% of the nitrogen in DP could be solubilized. 

Despite the low nitrogen solubility, DP showed substantially higher 

HHC and oil absorption than the flour and AP, but it had markedly lower oil 

emulsification (8.2%) than the AP (40.8%) and the flour (32.2%). The -~inverse 

relationship of nitrogen solubility with WHC and oil absorption and the 

positive correlation with emulsification have been noted by several 

workers (lin et al ., 1974; Wu and Inglett, 1974). 

The foaming capacity of the control samples of the flour and AP 

were proporti ona 1 to the protein contents of the products (Tab 1 e 4.16) . 
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Despite the poor nitrogen solubilit~ DP was also initially capable of a 

reasonable foaming capacity (Table 4.16) although the foam was unstable 

(Fig~ 4.18). Yasumatsu et al. (1972) and Puski (1975) found poor foaming 

stability in heat-treated soy products despite their high foaming 

capacities. This was attributed to the denaturation of the large protein 

components that generally stabilize the foam. 

5.2 Effects of storage on the properties of cowoea products 

5.2.1 Effect of storage on the microflora 

5.2.1 .1 Changes in microbial populations 

It is now generally accepted that the ERH or aw is a determining 

factor in whether or not microorganisms will grow in stored foods 

(Christian, 1963; Troller, 1980). During the present study the APC 

(Table 4:2), yeast and mold (Table 4.3) and bacterial spores {Table 4.4) 

decreased in all the cowpea products stored at 64% ERH, indicating that 

64% ERH was too low to support microbial growth or even to maintain 

viability of the initial microflora. Other workers (Sumner et al., 1979; 

Vojnovich and Pfeifer, 1967) found that' the reduction in microbial population 

was enhanced by lowering the ERH and increasing the storage temperature. 

Using 37°C in this study, storage of the seed at 79% ERH for 2 

months significantly (P<0.05) increased the APC from 5.4 x 105/g to 

1.3 x 106/g andthe yeastandrrold countfrom 1.2 x 105;g to 1.7 x 106/g. 

Christensen (1951) and Semeniuk (1954) reported that whole grain products 

contained more varied microflora than dehulled products or products 

processed to remove the pericarp. Similarl~ in this study, part of the 

microbial growth on the seed was initiated by xerophilic molds that were 

probably present in large numbers on the seed~ but were few or absent in 

the milled products. Among molds~only xerophiles flourish below 80% ERH 
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(Christensen and Kaufmann, 1974). 

Figures 4.4 and 4.5 show that the overall moisture and ERH of the 

seed were too low for bacterial qrowth. However, the increase in the APC 

of the seed durinq storaqe was attributed to localized increase in moisture 

and ERH by mo 1 ds to levels that permitted bacteria 1 growth ( Chris tens en and 

Kaufmann, 1972; Mossel and Shennan, 1976). Temperature variation within 

the sample also results in movement of water vapor from the warm zones to 

the cool areas thereby increasing the local ERH (Christensen, 1970; 

Mossel, 1975). Since standard plate agar medium used for APC determination 

is not selective for bacteria, yeasts and molds that grow at 32°C 

contributed to the APC of the seed. Bacterial spores were a minor 

proportion of the seed mi croflora and storage- at 79% ERH reduced this 

pooulation further. 

figure 5.1 illustrates the changes in the microbial populations of 

AP stored at 79% ERH. The flour also showed similar trends in the APC, 

yeast and mold and bacterial spore counts. The decrease in all microbial 

populations of the flour and AP stored for 2 to 4 months indicated that 

79% ERH was originally unfavorable for microbial growth and maintenance 

of the initial microflora (Fiq. 5.1). The observed increase in yeast and 

mold after 4 to 6 months in storage (Fig. 5.1) corresponded with the rapid 

i ncreas.e in the moisture contents of the flour and AP and the rise in ERH 

(Fig. 4.4 and 4.5). Localized increase in moisture and ERH beyond the 

minimum required for bacterial growth would explain the increase in APC 

and bacterial spores after extended storage (Fig. 5.1). 

Figure 5.1 also shows that all the microbial populations of DP 

decreased throughout storage at 79% ERH, despite an increase in moisture 

(Fig. 4.4) and ERH (Fig. 4.5). Yeasts and molds grow best under acid 
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Fig. 5.1. Comparison of the changes in the microbial populations 

of AP and DP during storage at 79% ERH. 
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conditions while bacteria thrive around neutral pH (Frazier, 1967}. Thus 

inhibition of microbial growth in DP was partly due to the alkaline pH 

(8.8 to 7.0) during storage. Although microbial numbers declined 

throughout storage of DP, the presence of mold mycelium in this product 

after 6 months of storage indicated that .some mold growth had occurred. 

The mold growth probably contributed to the increase in the moisture of 

DP and the rise in ERH (Fig. 4.4 and 4.5). Milner and Geddes (1946, 1954) 

suggested that mold mycelium and some decomposition products may be 

considerably more hygroscopic than the products at the same RH. 

Figure 5.1 shows that microbial numbers were highest in DP during 

storage. However, these microorganisms caused no changes in the lipid 

contents of DP (Tab 1 es 4. 9 and 4. 1.1 ) . The stored flour and AP, which 

contained less viable microorganisms than DP (Fig. 5.1), showed a loss 

in saturated FA that was partly attributed to mold me~abolism (Table 4.9 

and 4.11). 

5.2.1 .2 Microbial identification 

Among bacteria, some Bacillus species require a minimum of about 

90% ERH for growth (Scott, 1957; Christian, 1963). Bacilli are also 

capable of forming spores under favorable conditions such as reduced 

ERH. The spores survive adverse conditions which would kill vegetative 

cells. All the bacteria isolated from the stored cowpea products during 

this study belonged to the genus Bacillus on the basis of shape, 

presence of spores, Gram reaction, glucose oxidation and fermentation, 

acid production and catalase test. The presence of Bacillus was in 

agreement with the observation by Mossel and Shennan (1976) that spore

forming bacteria are the most common contaminants of dried foods. 
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Deterioration caused _by bacteria is rare 1 y encountered during 

prolonged storage of grains and flours (Barton-Wright, 1938; Frazier,l967; 

~~ossel, 1975). However, storage fungi, capable of growth below 80% ERH, 

are of widespread concern because they cause heating in grains, reduce 

seed viability and result in overall deterioration of product constituents 

(Christensen and Kaufmann, 1974). Aspergillus and Penicillium species havebeen 

isolated from several grains stored below 80% ERH (Tuite and Christensen, 

1955; Christensen and Kaufmann, 1974; Swanson et al., 1977). During this 

investigation, the fungi isolated from cowpea products stored at 79% ERH 

belonged to the genus Aspergillus. The ability of some Aspergilli to grow 

at ERH levels as low as 62% ERH (Sno~ 1949; Scott, 1957) poses a major 

storage problem,especially in the tropics, where high RH is usually 

accompanied by elevated temperatures. In this stud~ the storage temperature 

of 37°C was also selective for Aspergillus species, which are reported to 

grow well at this temperature (Frazier, 1967). Temperature was also perhaps 

counterselective for yeasts which grow best at or near 25°C (Frazier, 1967). 

5.2.1.3 Aflatoxin production 

Molds not only cause spoilage, but sometimes produce toxins in grains 

if environmental conditions are conducive for their growth. 6_. flavus, in 

particular, has been of concern because it can produce aflatoxin. No 

aflatoxin was detected in this study. Thus, the molds on the cowpea products 

either were not aflatoxin producers or they were unable to produce detectable 

aflatoxin at 79% ERH. The fluorescent spots that were observed were probably 

due to some mold metabolites which are known to produce fluorescent spots 

with Rf values similar to those of aflatoxins (Cooks et al ., 1970). ~

flavus was not isolated from the cowpea products. The growth of~- flavus 

and production of aflatoxin are favored by conditions above 85% ERH 

(Christensen and Kaufmann, 1974). 
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5.2.2 Changes in the lipids during storage 

5.2.2.1 Free and total fatty acids 

The work reported here demonstrated that storage of the.dry~processed 

cowpea products at 64% ERH or 79% ERH resulted in deterioration of the 

1 i pi d fraction. The 1 i pi ds of the wet-processed DP remained re 1 ati ve ly 

stable at both storage conditions. 

During storage at 64% ERH, the FFA increased in the seed, flour and 
-~ 

AP (Table 4.10). This accumulation of FFA implies that lipases remained 

active after dry processing and during storage at 64% ERH. The rate of 

lipolysis was faster in the ground products than in the seed. The 

acceleration in lipolysis may be attributed to the disruption of the grain 

by milling, including spreading of the lipids, thereby facilitating access 

of substrates to endogenous lipases. Similar reports of increased FA 

hydrolysis after milling were given by Acker (1963) and Bell et al. 

(1979). The lipases of DP were inactivated or inhibited, since only 

minima 1 FFA were found through out storage (Tab 1 e 4.10). 

Storage at 79% ERH caused more extensive lipolysis in the dry 

process produc~s than 64% ER~,as demonstrated by the larger quantity of 

FFA accumulated at the end of 2 months in storage (Table 4.11). A faster 

rate of lipolytic activity would be expected at the higher ERH, since 

lipolysis is accelerated by increases in moisture (Cuendet et al, 1954; 

Fellers and Bean, 1977}. Additional lypolytic activity was 

provided by mold lipases (Daftary and Pomeranz, 1965; Oaftary et al ., 

1970; Pomeranz, 1974), since molds grew at 79% ERH (Table 4.3). Mold 

lipases may also remain active after the molds are dead (Acker, 1963). 

Figure 5.2 illustrates the increase in the FFA of AP up to 2 months of 

storage, followed by a pronounced decrease in all the FFA during extended 



158 

Fig. 5.2. Relative changes in the lipids of AP and DP during 

storage at 79% ERH. 
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storage at 79% ERH. The flour also showed a similar trend of increase 

in FFA followed by a decrease. The decrease in FFA was partly attributed 

to oxidation of polyenoic acids. Sowbhagya and Bhattacharya (1976) and 

Betschart and Kinsella (1975) reported that accelerated oxidation of FA 

could be due to natural antioxidant depletion and the end of the 

induction period. Another cause of FFA loss was possibly through 

metabolism by molds as reported by Clayton and r~orrison (1972). Hansen 

et al.- (1973) also reported that FFA released from lipid by mold lipases 

do not accumulate, but are further degraded. The rate of lipolysis in DP 

was mini rna 1 during the first 4 months of storage at 79% ERH (Fig. 5. 2) , 

possibly due to lack of lipase enzymes or inhibition of enzyme activity. 

The pronounced increase in the FFA of DP beyond 4 months of storage was 

mainly attributed to mold lipases produced by the mold mycelium that was 

present in· DP stored for 6 months. 

Lipid oxidation was not apparent from the FFA data of the seed and 

the flour stored at 64% ERH, since the polyenoic acids continued to rise 

throughout storage (Table 4.10). However, the decrease that occurred in 

total linoleic and linolenic acids of all the-three dry..processed products 

indicated that oxidation had taken place (Table 4.8). Decreases of the 

polyenoic acids during storage were also reported in wheat lipids (Bell 

et al., 1979),_ field peas (Sumner et al., 1979) and soybean leaf protein 

concentrate (Betschart and Kinsella, 1975). According to Axelrod (1974~ 

lipoxygenase is the enzyme primarily responsible for catalyzing the 

biochemical oxidation of unsaturated FA in grains. Apparently, 

lipoxygenase catalyzed the oxidation of the polyenoic acids in the seed, 

flour and AP in this study, s i nee these products contained high 

1 i poxygenase activity (Tab 1 e 4.12) . The DP, which was heat-treated 
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during processing, contained no detectable lipoxygenase activity 

(Table 4.12). The lack of enzyme activity most probably accounted for 

the remarkable stability of the FA of DP stored at 64% ERH (Table 4.8). 

Destruction of lipoxygenase possibly was not the only contributing 

factor to the lipid stability of DP during storage. Anderson et al. 

(1963), Shaheen et al. (1975) and Betschart et al. (1975) reported 

increased susceptibility to lipid oxidation in heat-treated grain 

products, a factor that was attributed to loss of natural antioxidants. 

However, Anderson et a 1. ( 1963) observed that products in which browning 

occurred during toasting at low moisture remained stable. These authors 

suggested the formation of new antioxidants through Mai 11 ard browning :as 

the cause of the observed stability. Similarly, formation of anti-

oxidants could have occurred during drum drying of DP. This product was 

darker than the other cowpea products {Fig. 4. 19 and 4. 20). Continued 

browninq, of DP during storage might have supplied additional antioxidants. 

Furthermore, the alkaline pH of DP possibly accelerated the rate of the 

Maillard reaction. Lea and Hannan (1949) showed that Maillard browning 

increased at alkaline pH. Another possible explanation for the stability 

of the FA of DP could be due to the fact that the FA were bound (Table 

4.6) and possibly less susceptible to oxidation. 

Storage at 79% ERH caused oxidation in the FA of the dry process 

products (Table 4.9). For the seed , the extent of oxidation appeared to be 

similar to that observed at 64% ERH {Table 4.8), possibly due to the 

restricted surface area exposed to oxygen and the limited accessibility 

of enzyme to substrate. However, extended storage of the flour and AP 

at 79% ERH resulted in significant decreases (P< 0.05) in ali total FA 

and FFA as illustrated for AP in Figure 5.2. Loss of FA from the flour 
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and AP, which exhibited the fastest increase in FFA,implied that the FA 

were lost mainly from the FFA fraction. Betschart et al. (1975) obtained 

similar decreases in all the FA of wheat protein concentrate (13% 

moisture) after storage at 35°C for 12 weeks. These authors also 

extracted less total lipid from the stored products than from the controls. 

They attributed the loss in FA to the diminished extractability of the 

total lipids, which could have applied to this study as well. Several 

other researchers reported loss of extractable lipids from stored grains 

(Black et al., 1969; Oaftary et al., 1970; Clayton and t4orrison, 1972). 

The loss of total lipids and FA was caused by several complex 

processes. Contributing factors include oxidation, degradation and loss 

of water-soluble parts of the lipid molecules (Clayton and ~torrison, 

1972; \~arwick e.t al. 1979), polymerization and association of the glyceride 

with the protein and carbohydrate (Black et al., 1969; Shaheen et al., 

1975). Metabo 1 ism of the FA by mo 1 d was reported by Clayton and Morrison 

(1972) and Hansen et a1. (1973). Some Aspergillus species have high 

1 ipolytic activity (Hansen et al., 1973; Heaton et al., 1978) and are 

able to further degrade lipid oxidation products (Smith and Alford, 

1968; Alford et a 1. , 1971). Aspergi 11 i were the mo 1 d species isola ted 

from the cowpea products during this study and the FA decrease in the 

flour and AP was attributed partially to activity of mold enzymes. 

The present study showed little evidence to support the hypothesis 

that part of the FA lost from the flour and AP accumulated as beta

oxidation intermediates. The analysis of the short chain FA in AP after 

storage (Fig. 4.9) revealed no marked increase in quantity over the 

short chain products found in the lipid of the control sample of AP 

(Fig. 4.8). The small increase in the short chains of the AP lipid 
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during storage was most probably due to other products of lipid 

oxidation that have similar retention times as the short chain FA 

(Baker, 1962; Hovart et al., 1968). 

The resistance of the FA of OP to oxidation and loss during 

storage at 79% ERH (Fig. 5.2) was possibly because the FA were bound 

and not readily susceptible to hydrolysis and oxidation. Production of 

antioxidants through Maillard browning ·caul d be another cause for 

stability of the FA of DP as suggested earlier in this section. 

5.2.2.2 Products of lipid deterioration 

Evaluation of changes in total FA and FFA provided valuable 

infonnation about the storage stability of lipids. However, comprehensive 

assessment required the determination of some of the products formed 

during lipid deterioration. Dugan (1976) suggested that a combined 

determination of the hydroperoxides, total carbonyls and acidity may 

provide the best indication of the state of lipid oxidation. 

5 .2.2.2.1 Peroxide value 

The peroxirle values of the cowpea products at the two ERHs remained 

low ( < 5.6 meq/kg lipid:) throughout the present study (Table 4.13). 

Bookwalter et al. (197la,b) obtained peroxide values ranging from 0.6 

to 6.9 meq/kg lipid during periodic evaluation of corn-soy-milk products 

stored up to 1 yr at 25° or 49°C. These values were regarded as 

satisfactory. Peroxide values of at least 75 to 125 meq/kg vegetable 

oil and 20 meq/kg animal fat are required to establish rancidity in 

commercial products (Hehlenbacher, 1960). Thus, the present low values 

were surprising, in view of the evidence of lipid oxidation obtained from 

the FA data (Tables 4.8 to 4.11 ). The peroxide value evaluation was 
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reported to lack sensitivity at low values (Gray, 1978). Insensitivity 

was probably the reason for the low values obtained in this study. Also, 

hydroperoxides are transitory products in the lipid oxidation process and 

decompose to form carbonyl and hydroxyl products (Gray, 1978). Thus, 

hydroperoxi des might have reached maximum accumulation between 0 and 2 

months of storage and declined thereafter. Furthermore, species of 

Aspergillus mold are capable of completely degrading hydroperoxides 

(Smith and Alford, 1968; Alford et al., 1971). Mold growth at 79% ERH 

may have prevented hydroperoxide accumulation. 

5.2.2.2.2 Thiobarbituric acid·value 

Assaying for the TBA-reactive substances in the stored cowpea 

products was used to estimate the secondary products of lipid oxidation, 

which are mostly carbonyls. The TBA assay (Fig. 4.10 and 4.11) was a 

more sensitive measure of lipid oxidation than the peroxide value. At 

both ERHs, the AP, which contained the most lipoxygenase activity (Table 

4.12), exhibited the highest TBA values (1 .5 mg malonaldehyde/kg sample), 

followed by the flour and seed, which were a little lower in lipoxygenase 

activity. The DP, which contained no lipoxygenase enzyme (Table 4.12), 

attained a maximum TBA value of only 0.2 mg malona1dehyde/kg sample. 

The low TBA values in DP (Fig. 5.2) strongly suggest that lipoxygenase 

was responsible for the higher concentration of carbonyl compounds in the 

dry•processed products (Fig. 5. 2). Sessa et a 1 . ( 1969) a 1 so found a 

reduced TBA value of 3.3 mg malonaldehyde/kg in defatted, toasted soybean 

fiakes as compared to 11.6 mg malonaldehyde/kg in raw flakes. The TBA 

values of raw and cooked blackeye peas were 0.28 and 0.14, respectively 

before storage at -lO~C (Rhee and Watts, 1966c). The TBA value of the 
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raw pea increased to 0.64 after 406 days of storage, but the value was 

0.13 in the stored cooked pea. 

With the exception of AP at 2 months of starage, the TBA values 

of the cowpea products used in this study were less than the threshold 

level of 1.0 for rancid odor in animal products (Rhee and Watts, 1966c). 

The TBA values of the products were also less than the 9.3 value which 

was considered to indicate extensive oxidation of raw peas (Wolf, 1975). 

The eventual decrease in TBA values with extended storage, as 

observed in this study, was partly attributed to conversion into 

noncarbonyl products such as organic acids. Reaction of carbonyl products 

with proteins and amino acids, as reported by Matsushita (1975), would be 

another possible reason for the decrease in TBA value. The faster 

decrease in TBA values of the flour and AP at the 79% ERH was due to the 

more extensive lipid deterioration at this ERH, as indicated by the 

tota·l FA and FFA results of AP (Fig. 5.2). Decomposition of the carbonyl 

compounds by molds cannot be ruled out (Smith and Alford, 1968; Alford et 

al., 1971). 

The decrease in TBA value after 2 months of storage pointed out the 

limitations of this method for assessing extensive lipid deterioration. 

Possibly, estimation of individual carbonyls such as hexanal (Fritsch and 

Gale, 1977) during advanced lipid deterioration would augment the TBA 

value determination. 
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5.2.2.2.3 Acidity 

The acids formed during grain deterioration include FFA, acid 

phosphates and amino acids, but during the early stages of deterioration, 

fat acidity increases at a much greater rate than the other two types 

(Daftary and Pomeranz, 1965). Fat acidity determination in grains is 

therefore, generally used as an index of deterioration. 

The fat acidity of the flour and AP rapidly increased during the 

first 2 months of storage at the two ERHs (Fig. 4.12 and 4.13). The 

higher levels of fat acidity at.79% ERH were consistent with reports that 

fat acidity increases as ERH rises (Fellers and Bean, 1977). ~blds possess 

high lipolytic activity (Pomeranz, 1974) and mold lipases possibly 

contributed to the fat acidity at 79% ERH. The increase in fat acidity 

was lower in the se~d than in the milled products. This sequence of increase 

in fat acidity of the dry

in FFA accumulation (Table 4.11) and was attributed to the same factot"S 

previously described. Due to the inactivation of lipases, DP contained 

residual levels of fat acidity compared with the dry-processed,~_,, 

(Fig. 5.2). The slight increase in fat acidity of DP at 79% ERH was 

attributed to mold lipases rather than seed lipases, since DP lipid was 

resistant to hydrolysis at 64% ERH (Table 4.10). 

The close relationship between fat acidity and the FFA levels (Fig. 

5.2) strongly supports the hypothesis that increase in the fat acidity 

of the stored products was mainly due to production of FFA. The eventual 

decrease in the fat acidity of the products during storage was attributed 

to oxidation of the FFA (Sowbhagya and Bhattacharya, 1976). The FFA were 

also possibly utilized by the mold that grew during storage at 79% ERH 

(Table 4.3). 

Increased fat acidity was responsible for the observed decrease 
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in pH of the products during storage (Fig. 4.14). Because of the buffer 

action of the proteins and other constituents , the decrease in the pH 

of the dry-processed products was slight at 64% ERH, suggesting that 

deterioration was not extensive under these conditions. However, a 

considerable decrease in pH occurred in the same products stared at 79% 

ERH for 2 to 4 months. This was a clear indication of the extensive 

deterioration, since ordinarily pH does not change markedly until 

deterioration is well advanced (Zeleny, 1954). The pH increased as the 

concentration of FFA and fat acidity decreased (Fig. 5.2). The dramatic 

change of the flour to a 1 ka 1 i ne pH after 4 months in storage (Fig. 4.14) 

could not be satisfactorily explained on the basis of fat acidity alone. 

The pH of DP continued to decrease throughout storage as FFA and fat 

acidity increased (Fig. 5.2). The loss of the basic amino acids as a 

result of nonenzymatic browning was another possible cause of the 

decrease in pH. Clark and Tannebaum (1970) also noted decreases in the 

pH of browning~reaction systems of nonfat dried milk stored 37 days 

at 36°C and casein-glucose stored 7 days at 55°C. 

5.2.3 Changes in protein content and quality during storage 

After 6 months of storage at 79% ERH, the AP and DP showed a 

small, apparent increase in protein content (Table 4.14). 
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5.2.3.1 Amino acid composition 

After storage at 79% ERH, a considerable decrease in the amino acid 

lysine was observed in all the cowpea products, particularly in DP (Table 

4.14). The greater loss of lysine in DP was probably due to the alkaline 

pH of this product as will be discussed later in section 5.2.3.2 The 

susceptibility of lysine to loss and destruction is due to participation 

into reactions such as nonenzymatic browning, which involve the free 

epsilon-amino group (Jokinen et al., 1976). In this study, the amino acids 

methionine and cystine also decreased during storage, possibl~ as a result of 

reactions such as oxidation-reduction and alkylation as reported by 

Friedman and Noma (1975), as well as destruction during ~-1aillard 

browning (Lea and Hannan, 1949). The 1 ass of ami no acids during storage 

was possibly also caused by the reaction of the amino acids with lipid 

hydroperoxides as reported by Karel et al. (1975). Methionine, cystine, 

lysine, histidine and tyrosine were reported to be most labile (Roubal 

and Tappel, 1966 a,b; Karel et al., 1975). Any losses in the already low 

levels of the sulfur amino acids would aggravate their deficiency and 

decrease the avera 11 protein nutritive va 1 ue of the products. 

5.2.3.2 Available lysine 

Several investigations have shown avail able lysine (lysine with 

free epsilon-amino groups) to be a reliable indicator of losses in 

protein quality due to Maillard browning (Carpenter, 1973; Jokinen et al., 

1976). The measurement of available lysine in foods processed or stored 

in the presence of reducing sugars is of more nutritional importance than 

total lysine (Peterson and ~~arthesen, 1979). 

After storage at 79% ERH, the decrease in the available lysine of 

the products was unmistakable (Table 4.15). The loss of lysine availability 
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was most pronounced. in the stored DP which contained only 64.7% of the 

available lysine found in the original sample. This loss in available 

lys·ine was possibly due to the alkaline pH of DP (Lea and Hannan, 1949). 

In a classic study of the reaction between sodium caseinate and glucose, 

Lea and Hannan (1949) found that loss in free amino nitrogen accelarated 

as the pH was increased to alkaline. This pH effect was observed at 

both 55% ERH and 70% ERH during 2 months of storage at 37°C. However, 

Jokinen et al. (1976) found that loss of the available lysine increased 

in soy protein model systems as the pH decreased. The authors suggested 

that the increased loss of available lysine at low pH was due to 

hydrolysis of sucrose into the reactive reducing sugars. This implies that 

different protein sources may show different trends in the loss of available 

lysine as pH changes. Thus, further research is necessary to confirm the 

effect of pH on the loss of available lysine in cowpea products. The loss 

of available lysine is accelerated by increasesin moisture, ERH and 

temperature, the greatest loss being reported at 15 to 76% ERH between 

temperatures of 37 to 90°C (Carpenter, 1973; Troller and Christian, 1978). 

The loss in available lysine during this study was comparable to the 

3.4% loss found by Onayemi and Potter (1976) after storing cowpea powders 

of 5.5% moisture for 6 months at 37°C. 

5.2.4 Changes in the functional properties during storage 

Storage at 64% ERH for 6 months had minimum effect on the nitrogen 

solubility of the dry process cowpea products (Fig. 4.15 and 4.16), but 

79% ERH was deleterious to the solubility of all the cowpea products 

(Fig. 4.15 to 4.17). Modification of the protein by nonenzymatic browning 

(Peterson and Warthesen, 1979) and through the formation of insoluble 
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lipid-protein complexes during lipid oxidation (Karel et al ., 1975) were 

the most probable causes of reduced nitrogen solubility. 

The emulsification and foaming properties of the flour and AP 

were apparently improved by storage at 64% ERH, while 1 ittle or no change 

occurred in the two properties under 79% ERH storage. The improved 

functionality at 64% ERH was possibly due to partial enzyme hydrolysis 

of the protein during storage as was observed by Pusk.·i (1975) in soy 

products. Puski (1975) suggested that the improvement in emulsion 

capacity after partial enzyme treatment of the soy products was due to the 

increased number of peptides, which expanded the surface area at the oil

water interface. An increase in water soluble peptides was the 

explanation given for increased foaming capacity. After storage of 

cowpea seeds at 85% RH and 29°C for 9 months, Sefa-Dedeh (1978) found 

changes in the ultracentrifuge pattern of the proteins. The author 

observed a decrease in the 7 to 85 peak and the formation of fractions 

with smaller sedimentation coefficients. These small peaks, which were 

also evident in gel filtration patterns, were attributed to proteolysis. 

These results suggest that proteolysis might have also taken place under 

the storage conditions of the present study. However, further studies 

are necessary to confirm this postulate. The lack of improvement in the 

emulsification and foaminq capacity of the flour and AP stored at 79% ERH 

was probably due to extensive protein denaturation including modification 

of the hydrolyzed peptides. 

The foams of the stored flour and AP were stable, indicating that 

the productscontained a fair proportion of native protein. Yasumatsu 

et al. (1972) observed that foaming stability was highly correlated with 

the amount of native protein. The poor emulsification and foaming properties 
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of DP (Table 4.16) corresponded with the lack of solubility in the 

product (Fig. 4.17). 

5.2.5 Changes in color during storage 

Nonenzymatic, Maillard browning is a serious problem in stored, dry 

foods (Eichner1975; Schwimmer, 1980). The browning process results in 

loss of protein quality, changes in color and flavor (Eichner, 1975). In 

addition to the reaction of free amino groups with reducing sugars, 

carbonyl products formed durinq lipid oxidation react with proteins to 

form brown pigments (Karel et al., 1975). 

During the present investigation, the color of the dry~processed 

products was essentially unchanged under storage at 64% ERH; but 

perceptible darkening occurred in DP (Fig. 4.19 and 4.20). All the 

products darkened, when stored at 79% ERH. Since nonenzymatic browning 

increases with increasing ERH until a maximum at 60 to 80% ERH (Troller 

and Christi an, 1978), the darker color of the products stored at the 

higher ERH was as expected. The faster rate of darkening in the DP was 

attributed to the alkaline pH as already explained in section 5.2.3.2. 

5.2.6 Flavor evaluation 

legume and bitter were the dominant flavors in the flour and AP 

(Table 4.18). These two flavors were also reported to predominate in 

maturing soybeans and commercially manufactured soy flours, concentrates 

and isolates (Rackis et al.,, 1972; Sessa, 1979). Rackis et al. (1972) 

reported that legume flavor in green soybeans ~vas initiated with only 

minimal oxidation of the unsaturated lipids by low levels of lipoxygenase. 

The drum drying of DP reduced the raw legume and bitter flavors, but 
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imparted cereal, cooked and toasted flavors. 

The taste panel distinguished the control samples of the flour and 

the AP from the stored products, possibly on the basis of the decrease in 

1 egume flavor and increase in bitterness, rancidity and sourness (Tab 1 e 

4.19). Rackis et al. (1972) found a correlation (r = 0.73), significant 

at the 1% level, between lipoxygenase activity and the increase in 

bitterness. Since the flour and AP contained high lipoxygenase activity 

(Table 4.12), increase in bitter, lipid oxidation products might have 

occurred during storage. Increase in sourness and rancidity would be 

expected, since lipid hydrolysis (Table 4.10) and oxidation (Table 4.8) 

occurred in the stored flour and AP. Changes in the concentration of 

the dominant flavors would also account for the difference noted between 

the· control and stored DP. Many of the adverse fl aver-producing 

compounds, resulting from lipid deterioration, are volatile (Sessa, 1979) 

and may not be detected after extended storage. Volatility of oxidation 

products might partly account for the 1 ow flavor scores in the stored 

products. 
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6. SUMMARY AND CONCLUSIONS 

One objective of this study was to prepare cowpea products by both 

a dry and wet method and assess the effect of processing on the physical 

characteristics, chemical properties, microbial populations and functional 

properties of the products. Another objective was to investigate the 

effects of storage on the microflora, lipids, amino acid composition, 

available lysine, functional properties , color and flavor of the products. 

The dry processing procedure involved dehulling and pin milling to 

produce a flour composed of 27.50% protein, followed by air classification 

of the flour to yield a protein-rich product AP with 51.96% protein and a 

starch-rich fraction with 9.93% protein. The lipid and ash constituents 

in the f1 our tended to segregate with the AP. The high proportion of 

protein in the hulls (26.43%) reflected the separation of the seed embryo 

and part of the cotyledon into the hull fraction. 

The wet process involved slurry centrifugation and drum drying to 

produce OP, which contained 57.80% protein. Wet processing resulted in a 

decrease in ether-sol ub 1 e 1 i pi ds in DP, but increased the ash con tent as 

a result of the lime added to facilitate protein dispersion. 

Microscopic examination of the dry-processed flour, AP and AS 

revealed the presence of protein particles and/or mainly undamaged starch 

granules. However, after drum drying, DP appeared as thick flakes with 

no visible morphological structures. 

The microflora of the cowpea products was evaluated by determination 

of the aerobic plate counts (APC), yeast and mold counts and bacterial 

spore counts. Before storage, the APC counts were highest in the flour and 

DP and lowest in the seed. The higher microbial populations in the 

processed products compared with the seed were likely due to contamination 
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by microorganisms from the environment and/or microbial growth during dry 

and wet processing. The dry process products contained substantially 

higher yeast and mold populations than the wet-processed DP, but bacterial 

spores appeared to dominate in the OP, probably due to the heat processing 

and high pH. 

Determination of the free lipids (diethyl ether-soluble) and bound 

lipids (chloroform/methanol-soluble) in the initial cowpea products showed 

that both lipio fractions concentrated with AP during dry processing. 

DP contained a relatively small fraction of free lipids compared to those 

of flour and AP, but the bound lipid fraction was similar in quantity to 

that of AP. 

The total FA compositions of the free and bound lipid fractions of 

the control samples (stored at -20°C after processing) suggested that 

triglycerides predominated in the free lipid fraction and polar lipids 

constituted the bound fraction. However, the bound lipids of DP were high 

in FA content ~ndicating some degree of triglyceride binding during 

processing. The proportion of linolenic acid was higher in the free 

lipids than in the bound lipids of the flour and AP, whereas polyunsaturated 

FA predominated in the bound lipids of OP. This suggests that the free 

lipids of the dry-processed products would be vulnerable to oxidative 

rancidity while deterioration of DP would depend on the susceptibility of 

the bound lipid to oxidative conditions. Most of the FFA of the flour and 

AP were present in the free lipid fraction, but OP contained essentially 

no FFA in either fraction. 

Before storage,the amino acid composition of the cowpea products 

was similar to that of many other legumes with a deficiency in methionine 

plus cystine, but containing high levels of lysine. DP contained slightly 

less total lysine than the other products because of heat-treatment during 
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processing. Most of the lysine was initially available (94.4 to 98.5%) 

in all of the cowpea products. 

Evaluation of the functional properties showed that before storage, 

nitrogen solubility and emulsification were high in the flour and AP, but 

low in DP. The dr~processed products also produced stable foams, but 

DP produced unstable foams. However, DP had the highest WHC and oil 

absorption among all of the cowpea products. 

During storage, at 64% ERH, the moisture content of the products and 

the ERH remained relatively stable; but moisture content and ERH increased 

under storage at 79% ERH. These increases were attributed to mold 

activity. 

Storage at 64% ERH reduced microbial numbers, indicating that 

growth of microorganisms was inhibited at this ERH. However, within the 

first 2 months of storage at 79% ERH, the APC and yeast and mold counts 

of the seed increased significantly, suggesting that the microflora on 

the seed flourished under this storage condition. Localized increases 

in moisture may also have promoted growth of bacteria which have a high 

moisture requirement. The APC, yeast and mold and the bacterial spore 

populations of the flour and AP decreased during the first 2 to 4 months 

of storage at 79% ERH then increased thereafter. As would be expected, 

the growth of microorganisms later in storage corresponded with the 

increase in moisture contents of the products and the rise in ERH. All 

microbial populations decreased in the DP throughout storage at 79% ERH, 

most probably due to the unfavorable alkaline pH. However, some yeast 

and mold growth· occurred in DP as evidenced by the presence of mold 

mycelium in this product. Yeast and molds were the dominant microorganisms 
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in the dry-processed products, wh i 1 e bacteria 1 spores accounted for a 

large proportion of the microflora found in DP. 

Bacteria isolated from the stored cowpea products were identified 

as Bacillus on the basis of Gram reaction, shape, presence of spores~ 

glucose oxidation and fermentation, acid production and catalase test. 

The molds found in the cowpea products belonged to the genus Aspergillus 

on the basis of their morphological characteristics. No A. flavus was 

isolated from the products. Aflatoxin was not detected in any of the 

stored products. 

The lipids of the cowpea seed, flour and AP were hydrolyzed during 

storage at 64% ERH as indicated by the increase in FFA. Lipid hydrolysis 

proceeded at a faster rate in the milled products (flour and AP) than in 

the seed, indicating that milling predisposed the lipids to attack by 

lipases. Since lipolysis increases with rising ERH (aw), the faster rate 

of FFA accumulation at 79% ERH was expected. The decrease in 

polyunsaturated FFA and fat acidity and increase in pH of the flour and 

AP reflected the losses due to oxidation of the polyunsaturated FA. 

Losses of the saturated FFA at 79% ERH were probably due to metabolism 

by molds. DP was remarkably stable to lipid hydrolysis as a result of 

the inactivation of lipases during drum drying. The increase in FFA of 

DP between 4 to 6 months of storage at 79% ERH was attributed to mold 

1 i pases. 

Lipid oxidation occurred in the seed~ flour and AP stored at 64% 

ERH as indicated by the decrease in polyenoic acids. Oxidation was 

attributed to catalyzation by lipoxygenase, since the activity of this 

enzyme was high in the dry process products and persisted throughout 

storage. The wet process product DP contained no lipoxygenase enzyme and 
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was stable to lipid oxidation during storage at 64% ERH. The stability 

of DP lipid to oxidation was attributed to inactivation of the 

lipoxygenase enzyme and possibly to the presence of lipid antioxidants 

from ~1a i 11 a rd browning reactions. 

Storage at 79% ERH also resulted in FA oxidation in the dry 

process products. After extended storage, marked decreases occurred in 

all FFA and total FA of the flour and AP. Probable causes for the loss 

in FA include increased oxidation due to natural antioxidant depletion, 

lipid binding and polymerization and possibly metabolism of FA by mol~s. 

Losses of the FA appeared to occur mainly in the FFA fraction of the 

fiour and AP. This might explain the resistance of mainly unhydrolyzed 

lipids of DP to oxidative reactions. Also, as previously stated, the 

lack of lipoxygenase and possible production of antioxidants accounted 

for most of the lipid stability of DP. 

Estimation of hydroperoxides was not a sensitive indicator of the 

state of lipid oxidation in the cowpea products. However, total 

carbonyls, as determined by the TBA method, increased in the dry process 

products during the first 2 months of storage. Beyond 2 months, total 

carbonyl s decreased as they were converted into nonca rbonyl compounds. 

Carbonyl production was minimal in DP. Excessive release of FFA in the 

flour and AP increased the acidity of the products as indicated by the 

increase in fat acidity and the decrease in pH. The decrease in the pH 

of DP was mainly attributed to losses in the basic amino acids during 

Maillard browning. 

After 6 months of storage at 79% ERH, a decrease in total lysine 

was apparent in all of the products, particularly in DP. Decreases in 

methionine, cystine, arginine and glutamic acid were observed in some 
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products. 

Storage at 79% ERH resulted in a decrease of the available lysine 

in the products and DP in particular. The available lysine in stored DP 

was only 64.7% of the available lysine determined in the control sample. 

The loss of available lysine was attributed mainly to Maillard browning. 

Literature reports indicate that Maillard browning is enhanced by 

alkaline pH. Thus, the greater loss of available lysine in DP compared 

to the other products was ascribed to the alka 1 i ne pH of DP. Wet 

processing appeared to result in an appreciable decrease in nutritive 

quality during storage, mainly due to loss of lysine and the sulfur 

amino acids. 

Storage at 64% ERH for 6 months resulted in apparent improvement 

of the oil emulsification and foaming properties of the flour and AP, and 

had little or no effect on nitrogen solubility, HHC or oil absorption. 

Storage at 79% ERH was detrimental to nitrogen solubility, oil emulsific

ation and foaming properties of the dry process products. Storage of DP 

at either ERH decreased the nitrogen solubility, WHC, oil emulsification, 

and foaming properties. 

The color of the dry-processed products remained relatively 

unchanged under storage at 64% ERH, but products stored at 79% ERH 

darkened. Browning was pronounced in OP at both ERH conditions. 

Significant flavor differences between the products stored at 

64% ERH for 6 months and the control samples were noted by the taste 

panel. The dominant flavors of the dry process products were bitter 

and legume. The major flavors of DP were toasted and nutty, attributable 

to the heat treatment. 

The present study showed that processing pro vi des means to expand 
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the variety of cowpea products. The products of the dry process differ 

from those of the wet method in physical and chemical characteristics, 

type of microflora present; nutritional quality, functional properties, 

color and flavor. While wet processing may be of some nutritional 

benefit by heat destruction of antinutritional factors, heating can also 

be detrimental, causing a loss of amino acids such as lysine and a 

decrease in its availability. The storage trials showed that water 

content with its resulting ERH (aw) is a major factor in the storage 

quality of cowpeas and their products. In general, cowpea products 

store safely for reasonable periods at 64% ERH. Under this condition, 

microbial growth is inhibited, microbial viability decreases and chemical 

and enzymatic changes of the lipids are minimal. At 79% ERH, serious and 

more extensive deterioration occurs, originating from microbial, 

enzymatic and chemical changes. 

This research has demonstrated the potential for wider use of 

cowpeas and their products as produced by suitable processes. Selection 

of processing method and storage conditions can have an important effect 

on minimizing post harvest loss and deterioration, especially under the 

conditions found in tropical developing countries. 
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APPENDIX A 

QUESTIONNAIRE FOR TASTE PANEL EVALUATION OF COWPEA PRODUCTS 

Name: Date: 

Product: 

Three samples are supplied for Evaluation. Two are duplicate, one is different. 
Taste the samples in the order indicated and identify the odd sample. To taste 
scoop up about 1/4 11 of sample on the end of the plastic stick. Then place the 
sample on the centre of your tongue. Rinse mouth thoroughly between samples. 

code check odd sample check the more 
intense flavor 

odd -----------
duplicate--------

Check appropriate terms below to describe sample. 

D 1. up 1cate samp e 0 d d 1 sampe 
Flavor slightly moderately very slightly moderately very 

Bland 

Legume 

Cereal 

Nutty 

Cooked 

Toasted 

Sweet 

Sour 

Salty 

Bitter 

Stale 
Musty 

Rancid 

Arrmonia 

Fishy 

Earthy 

Indicate other 

Corrments: 
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