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ABSTRACT

The objective of this work was to develop good 
quality protein-enriched food products from combinations of 
sesame meal with pinto beans or chickpea. Three food prod
ucts were developed. Two of them were prepared by an 
extrusion cooking process: (1) reconstitutable refried
beans made from pinto beans:solvent extracted sesame meal 
(SSM) (65:35) combination (BSEP); and (2) a chickpea:SSM 
(70:30) snack food (CSEP). The third product was a deep- 
fried African-style food made from a (65:35) pinto beans: 
SSM combination (DEBS). The three foods were found to be 
nutritionally superior to similar products formulated from 
conventional materials. An untrained panel found the BSEP 
and CSEP to have acceptable sensory properties. An infor
mal panel of trained observers made a similar sensory 
evaluation of the DEBS.



INTRODUCTION

The shortage of good quality protein is one of the 
most serious dietary problems in. both underdeveloped and 
developing countries (Pearson and Greenwell 1980). The ma
jority of the population in those countries has a daily 
dietary regimen based mainly on two staple foods, which are 
usually a cereal such as rice, and a legume represented by 
beans. Populations having inadequate diets portray all the 
deficiencies associated with poor protein intake such that 
development of the country becomes even more difficult.

One solution to this problem is to conduct more re
search on the nutritional improvement of the staple foods 
or the introduction of new, economic, and better quality 
protein foods. The purpose of this work was to investigate 
one approach to solving that problem. Three vegetable pro
tein sources were chosen, namely sesame seed, beans, and 
chickpea. Each of these have unique, important character
istics as possible inputs to the solution of the dietary 
protein problem.

According to FAO statistical studies, Mexico is the 
sixth largest producer of sesame seed. This crop is gain
ing in importance due to the fact that it requires minimum 
water. The main use of this seed is for its extracted oil.



The defatted paste or meal is generally used for livestock 
feed. Some of the white variety is exported to the United 
States where it is used directly for decoration of bakery 
products. Sesame seed producers and processors are very 
interested in finding uses for the defatted meal in human 
food products. Since this crop is also important in some 
Middle East countries, any use found for the seed would 
have broad potential benefit in those and other countries.

Pinto beans are traditionally consumed as a staple 
food in many Central and South American countries. Improve
ments in their overall nutritional value would benefit large 
populations of the malnourished world.

Chickpea is another crop being produced in increas
ing amounts in Mexico, but it is exported almost entirely 
to Spain. Chickpea producers are also interested in find
ing a domestic use for this legume.

Sesame seed protein is high in sulfur-amino acids 
but relatively poor in lysine. On the other hand, beans as 
well as chickpea, are very adequate in lysine but deficient 
in methionine (or sulfur-amino acids).

This work involves the development, of three food 
products: (1) refried beans enriched with sesame meal,
(2) African fritters prepared with pinto beans and sesame 
meal (Akara) and, (3) . a new., non-conventional snack food 
product formulated from sesame meal and chickpea.



LITERATURE REVIEW

Sesame Seed (Sesamum indicum)

General Characteristics of Sesame 
Seed and the Sesame Seed Plant

Sesame seed is an important crop in many areas of 
the world. It has been grown in India, for example, for 
several thousand years. It is grown in many tropical and 
subtropical countries of Asia, Africa, and Central and 
South America (Carter and Cirino 1961). Some of the coun
tries with the highest production of sesame seed are India, 
China, Sudan, Mexico, Venezuela, and Burma (Winkelmann 
1974). The cultivation of sesame in the United States has 
been retarded by expensive crop harvesting. The major 
reason for this excessive cost is the tendency of the pod 
to shatter with a resultant seed loss. Research has been 
directed toward development of varieties with semi- 
shattering and nonshattering characteristics (Lyon 1972). 
Otherwise this crop is very economical since it requires 
comparatively small amounts of water and fertilizers (Weiss 
1971). The most logical region of the United States where 
this crop might be grown is the Southern and Western Region 
where crops such as cotton are grown and are more demanding 
in their needs for water and fertilizer (Lyon 1972).



The sesame seed plant is normally from 0.5 to 2 
meters tall, but it may grow as high as 3 meters. It has a 
bushy-type root system, quadrangular erect stem, and its 
leaves are opposite below and alternate above. The flowers 
are pale or pink, solitary, occasionally growing two or 
three together on the upper stem or branches (Weiss 1971).

The sesame seed is about 3 mm. long and is pear 
shaped, black, white, yellow, reddish, brown or grey depend
ing upon the variety. The weight of 1000 seeds varies from 
2 to 4 grams (Weiss 1971; Carter and Cirino 1961). The out
er layer of cells has a large amount of calcium oxalate cry
stals which is eliminated by decortication of the seeds 
(Villegas, Gonzales and Calderon 1978; Carter and Cirino 
1961) .

Current Common Uses
The most common use for sesame seed is as a source 

of oil. In India, sesame seed has been called "the queen 
of the oilseed crops" because of the quality of its oil and 
meal. The oil content of sesame seed varies from 45 to 63% 
with an average of 54% making the yield 4s an oilseed very 
attractive (Lyon 1972). The oil of sesame seed is very 
stable as compared to other vegetable oils. This is due to 
the presence of natural antioxidants: sesame! and sesamolin
(Weiss 1971). It has a light color and a very pleasant odor



attributed in part to acetyl pyhazine. Straight chain 
aldehydes of 5 to 9 carbons have also been identified and 
could also possibly contribute to the odor, as well as some 
sulfhydric acid (Lyon 1972). The main uses for sesame seed 
oil are; cooking oil, shortening and margarine production, 
soap manufacture, and as a synergist for insecticides.

The meal left after the extraction, of oil is used 
mainly for animal feed (Awais, Shaikh and Ali 1968). The 
reason that sesame meal is not generally used for human 
food products is its high oxalic acid and fiber contents 
which make the product bitter and not very digestible.
These components can be eliminated to a large extent with 
decortication of the seed prior to oil extraction (Villegas 
et al. 1978, Weiss 1971). The bitter principle of the non
decorticated meal can be extracted by solvent making the 
meal fairly acceptable to the consumer (Weiss 1971). Sesame 
meal is used in some Middle Eastern countries when there is 
a shortage of other food. For example, in Burma, it is 
added to rice and in India it may be mixed with spices and 
consumed as a side dish (Weiss 1971). Another possible lim
itation in the consumption of sesame meal as a human food 
is the generally poor,.’hygienic conditions under which it is 
commonly produced and handled in countries such as Pakistan 
(Shaikh et al. 1969), The first step to make the meal more



suitable for human consumption, therefore, would be to 
enforce stricter regulations for oil extraction conditions.

Another common use of the white decorticated seed 
is as an ornament or spice in bakery products or in the 
production of certain candies.

Characteristics of the Sesame 
Meal and Sesame Flour

Sesame meal and flour are by-products of oil extrac
tion of the seed. Sesame meal composition and appearance 
will vary according to whether it is from whole or decorti
cated seed; the product from decorticated seed being more 
desirable.

Sesame meal appearance will also depend on the . 
method and conditions of oil extraction. When the oil is 
extracted by pressure, the meal has a flaky appearance and 
the color will depend on the seed variety. If it is ground, 
and if it comes from white, decorticated seed, it will have 
a malt powder appearance with a slightly lighter color.
When the sesame meal is further solvent extracted, it ap
pears as a lightly colored, fluffy powder,

Sesame flour is a specific portion of this solvent 
extracted meal which is classified by a specific mesh size. 
Its color will also depend on the,variety of the seed. It 
has a low package density depending on the mesh size 
(Carter and Cirino 1961; Ali 1971).



Both the meal and the flour have a pleasant odor 
similar to that of the whole seed; its flavor is also mild 
and pleasant.

Composition of Sesame Seed,
Heal, and Flour

The composition of sesame seed will vary depending 
on the variety, conditions of crop production, etc. The 
composition of sesame meal will vary also with the method
ology and conditions employed for the oil extraction.

Various literature values (Carter and Cirino 1961; 
Weiss 1971; Lyon 1972) report the proximate composition of 
sesame seed (Table 1),

Proximate composition values of sesame meal and 
flour are also reported in the .literature (Villegas et al. 
1978; Carter and Cirino 1961; Pomeranz, Shogren and Finney
1969) (Tables 2 and 3),

• The amino acid profile of sesame seed (Meksongsee 
and Swatditat 1974; Evans and Bandemer 1967; Winkelmann 
1974), meal (Ashur et al. 1973; Yermanos et al. 1971), and 
flour (Rooney et al. 1972) protein has been reported.

Some of the amino acids undergo small losses be
cause of the heat treatment received during the oil extrac
tion (Rooney et al. 1972). Lysine loss is of special in
terest because it is the limiting amino acid in the seed.



Table 1. Proximate Composition of Sesame Seed
8

Component % by Weight

Fat 45.00-63.00Protein 17.00-32.00
Carbohydrates 9.06-15.87
Water 4.37- 5.09
Ash 3.02- 3.99
Fiber 1.30- 1.40

Table 2. Proximate Composition, of Sesame Meal

Component 7o by Weight

Protein 41.3
Carbohydrates 29.39
Water 5.58- 7.35
Ash 4.8
Fiber 3.1
Fat 2.76- 8.49

On Water and
Fat-Free Basis:

Protein 50.5 -56.25
Ash 11.52-13
Fiber 5.29- 6.88
Carbohydrates 4.03- 4.29
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Table 3. Proximate Composition of Sesame Flour

Component % by Weight

Protein 46.7
Carbohydrates 34.54
Water 8.36-10.03
Ash 5.2
Fiber 3.2
Fat 0.59- ,0.89

On Water and
Fat-Free Basis;

Protein 60.12-80.12
Ash 10.45-13.17
Fiber 2.69- 3.1
Carbohydrates 1.55- 6.23 i

V
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The amino acid profile of sesame meal and flour, therefore, 
usually shows a slightly lower level of lysine.

There are slight differences in various literature 
reports of the amino acid profile. This can be due to the 
variety of the seed, production conditions for the crop, 
and differing analysis methods.

The amino acid balance of sesame seed (Evans and 
Bandemer 1967), meal (Ashur et al. 1973), and flour 
(Rooney et al. 1972) is of interest when compared to the 
FAO standard protein (TAble 4).

Nutritional Characteristics of 
Sesame Seed, Heal, and Flour

Many studies have been reported on the nutritional 
characteristics of sesame seed protein (Villegas et al.
1978; Hanafy,. Seddik and Kareff. 1968; Ashur et al. 1973; 
Devadas. et al. 1978; Evans and Bandemer 1967).

As stated before, the limiting amino acid of sesame 
seed protein is lysine. Because lysine is at a low percen
tage, the chemical score of sesame seed protein is report
ed to be 42, the PER as 1.77 and the NPU as 53.4 (FAO
1970). Nevertheless, the protein of sesame seed is very 
valuable because it has a good balance of the other amino 
acids, and it is particularly high in sulfur-amino acids 
(e.g., methionine) which are the limiting amino acids of 
legumes.
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Table 4. Amino 

Flour
Acid Profile of 
Compared to FAO

Sesame Seed , Meal, and

Amino Acid FAO Meal Flour

Lysine 5.44 2.80 2.43 2.21
Isoleucine 4.00 3.60 3.76 3.58
Leucine 7.04 6.90 7.01 6.52
Aromatic A.A. 6.08 4.5* 8.45 7 .87
Sulfur-A.A. 3.42 4.5 4.63. 2.71**
Threonine 4.00 3.4 2.82 3.33
Tryptophan 0.96 2.4 3.52
Valine 4.96 4.44 4.58 4.54

*This value is for Phenylalanine only.
**This value is for Methionine only.
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When complemented or supplemented with other 

protein sources, the overall nutritional value of sesame 
seed is considerably improved (Meksongsee and Swatditat 
1974; Ashur et al. 1973; Lyon 1972; Devadas. et al. 1978).'
For example, studies have been made on sesame seed protein 
concentrate supplemented with fish protein concentrate 
(FPC) or skim milk powder (SMP) 1:1. FPC increased the NPU 
and PER from 42 and 1.2 to 90 and 2.8, respectively. The 
corresponding values following SMP supplementation were 
78.1 and 2.6, respectively (Shaikh et al. 1969). A study 
of special interest is one in which sesame seed was used 
in a mixture with peanut and chickpea. This mixture was 
used as the only food for the. cure of kwashiorkor in young 
children. The results were as successful as those obtained 
when milk was the only food supplied to the children 
(Hanafy et al. 1968). Another interesting study was done 
with adult men and women in which the digestibility and ni-- 
trogen balance of diets were tested. In one of the diets,
80% of’the nitrogen was provided by cereals (white wheat 
flour, bulgur, and rice) and 20% by either non-fat dry milk 
(NFDM) or demineralized, delactosed whey. In the other 
diet, 60% of the nitrogen was provided by the same cereals 
and 20% each from chickpea and sesame seed. Individual 
nitrogen balances ranged from 0.79 to 1.1, but did not 
differ significantly among the diets. The digestibility
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for the diet with vegetable ingredients was 78.7±3.3% 
whereas that for the animal food supplemented diet ranged 
from 82.1 to 82.7% (Ashur et al. 1973),

Other mixtures of sesame seed, meal or flour have 
been reported. Some of these mixtures have very good nu
tritional qualities. A mixture of cashews, African locust 
bean, and sesame meal in a proportion of 2 :1 :1 , respective
ly , has been reported to have a PER of 3.6, a NPU of 72, 
a BV of 75 and a digestibility of 95.5% (Ekpenyong, Fetuga 
and Oyewga 1977). Improvement in weight gain in rats has 
been reported when sesame meal was mixed with soybean ,in a 
proportion of 6.7:13.3 as compared to diets consisting of 
sesame meal or soybean alone (Almquist and Grau 1944).

It is important to note that since lysine is the 
limiting amino acid, its bioavailability should be consider
ed. Various oil extraction processes affect the avail
ability of lysine (Villegas et al. 1978; Lyon 1972). Lysine 
availability decreases because%)'f the Maillard reaction in
volving the E'^amino group of lysine with a free carbonyl 
group of a reducing sugar during heat treatment. The aver
age literature value for available lysine is 2.75 g/16 g 
nitrogen. Available lysine in sesame meals, pre-pressed 
and then solvent extracted is 1.08 g/16 g nitrogen; in meals 
extracted by a high temperature expeller, the available
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lysine is 0.8 g/16 g nitrogen; and in meals that were 
pre-pressed, extracted and heated with 50% water, the 
available .lysine is 1.04 g/16 g nitrogen (Lyon 1972).

Sesame seed also contains other nutrients of impor
tance. In India, for example, vitamin A deficiencies in • 
children disappeared when their common foods, tapioca flour 
and jaggery, were supplemented with sesame meal and leaf 
(Devadas et al. 1978). However, in this study, it is not 
clear whether the vitamin A came from the sesame meal or 
the leaf material.

Other nutrients of importance are the minerals 
phosphorus and calcium which are reported to occur at lev
els of 1.5% and 3%, respectively (Carter and Cirino 1961). 
The phosphorus is present as phytic acid, however, which 
binds zinc. This has produced zinc deficiency symptoms in 
chicks such as leg deformities and poor growth, when they 
are fed the sesame meal. This problem can be solved by 
autoelaving the meal for 4 hours (Lyon 1972). In a study 
made on various components of the seed, the phytin was 
found in a greater percentage in the flour fraction ob
tained after a solvent extraction.and screening through a 
60 mesh screen. The seed coat fraction contained smaller 
percentages of this component (Carter and Cirino 1961).
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Beans (Phaseolus vulgaris)

General Characteristics of Beans
Beans are the most important legume cultivated in 

Latin America. In 1970, bean crops accounted for 89.2% of 
the cultivated area devoted to legumes, and 88.3% of the 
production of legumes came from beans. This crop has been 
cultivated in Latin America for centuries. Radiocarbon 
studies reveal the presence of this plant as early as 7000 
years ago (Milner 1972). Beans have been cultivated for 
centuries in the Old World also. Literature records the 
cultivation of beans in the Nile Valley as early as 2000 
years B.C. (Hardenburg 1927).

Beans, together with other legumes, provide the 
only high protein component of the usual diet in India 
(Milner 1972).

Beans are seeds of leguminous plants. They grow 
in pods and have a more or less flat-seeded shape. The 
stems of the bean plant are herbaceous and have large tri
foliate leaves. Their flowers grow in groups and are white 
or purplish in color. The plant can be dwarf or as high 
as 2 meters (Bumgarner 1947; Hardenburg 1927).

Being a legume, beans can grow almost anywhere, 
although they prefer warm climates for germination (Bum
garner 1947). They do not require nitrogen fertilizer
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(Milner 1972). Once they are harvested, the plant residues 
can be plowed back into the soil as green manure. Most 
beans are bush varieties and they can be planted 7.5 to 
10 cm apart from one another in rows 0.6 meters apart 
(Bumgarner 1947). It is widely recognized that it is im
portant to promote and improve bean cultivation because of 
the benefits that legumes contribute to crop rotation 
(Milner 1972).

Current Common Uses
Phasedlus vulgaris varieties of beans are widely 

consumed in Central and South America. Together with corn, 
wheat and tubers, they comprise the bulk of the diet for 
the low-income population in these countries. Beans pro
vide from 20 to 30% of the protein in the diet of the rural 
communities in most Central American countries (Bressani, 
Elias and Navarrete" 1961) . This legume is also consumed 
daily, as a traditional dish, by the middle and upper 
classes of the Latin-American countries.

Most of the beans consumed are cooked and prepared 
at home. Nevertheless, with the advance in processing 
technology and with the housewife becoming a larger part 
of the working population, canned or dried, ready-to- 
reconstitute refried beans are being consumed more common
ly. As a result, research is being done to find the
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optimal conditions for processing and canning (Zaragosa, 
Rockland and Guadagri 1977; Quenzer, Huffman and Burns 
1978; Powers, Pratt and Joiner 1961). Research has also 
been directed toward improvement of the quality of the 
dry, raw legume by optimizing the storage conditions 
(Molina, de la Puente and Bressani 1975; Molina et al.
1976).

Since the consumption of beans as a staple food is 
such a strong tradition, little research has. been done on 
methods to utilize the legume in other food forms. Among 
these few studies, one involved bean powder to be utilized 
as a food ingredient produced by two methods. Both methods 
proved to give a powder easily reconstitutable with hot 
water (Ron, Wagner and Booth 1974). Another problem in 
using this legume, is its strong beany flavor which must 
be.hidden or eliminated by special treatments when certain 
food combinations are considered.

Composition of Beans
The composition of beans varies with variety.

There are slight differences between black beans, navy 
beans, red kidney beans, great northern beans, and pinto 
beans (Bressani et al. 1961; Meiners et al. 1976). Com
position varies, as in any other crop, with the soil, 
climate, fertilizers, etc. The moisture content is
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affected by atmospheric humidity at harvest and during 
storage (Meiners et al. 1976). Composition of varieties 
has been reported in the literature (Bressani, Valiente 
and Tejada 1962; Moraes and Angelucci 1971; Molina et al.
1976).

The proximate composition of the twelve most com
mon Brazilian varieties of Phaseolus vulgaris has been 
reported and is in good agreement with similar values re
ported elsewhere (Moraes and Angelucci 1971)(Table 5).

Since this study is to involve a pinto bean vari
ety, its proximate composition is given (Rockland, Miller 
and Hahn 1977; Moraes and Angelucci 1971)(Table 6).

The amino acid profile of the protein of different 
varieties of Phaseolus vulgaris has been reported (Hojjati 
1976; Bressani, Elias and Valente 1963; Lyman, Kuillen and 
Hale 1956; Tandon et al. 1957). Of special interest are 
the essential amino acids lysine and methionine. Methio
nine is the limiting amino acid in this legume and lysine 
is present at about twice that in the FAO pattern. This 
makes this legume potentially very valuable in improving 
the quality of protein in the diet when they are eaten 
together with cereals. A study of Central American beans 
gave the average methionine and lysine values of 1.03 and 
8.24 g/16 gN, respectively. Methionine was in a range of 
0.8 to 1.39 g/16 gN and lysine in one of 7.22 to
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Table 5. Proximate Composition, of Twelve 

Varieties of Phaseolus vulgaris.
Brazilian

Component Average (% weight) Range (% weight)

Protein 25 . 0 2 1 . 0 - 2 8 . 0
Water 11 . 0 1 0 . 4 - 1 1 . 7Fiber 4 . 0 3 . 5 -  5 . 0
Ash 3 . 5 3 . 5 -  5 . 0
Fat r . o 0 . 4 -  2 . 0

Carbohydrates:
Starch 40 . 0 3 4 . 0 - 4 4 . 0
Pentosans 7 . 0 5 . 6 - 1 2 . 7
Sugar 6 . 5 5 . 3 -  7 . 0

Total carbohydrates 53 . 3 4 4 . 9 - 6 3 . 7

Table 6 . Proximate Composition of Pinto Bean.

Component Range (% weight)

Carbohydrates 58.48
Protein 22.30-26.10
Water 8.39-10.70
Fiber 4.29- 5.00
Ash 1.25- 3.23
Fat' 1.25- 1.60
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9.18 g/16 gN (Tandon et al. 1957). A typical essential 
amino acid profile of pinto beans is of interest (Lyman 
et al. 1956)(Table 7).

Nutritional Characteristics of Beans
Since beans are such an important source of pro

tein for people in most Latin American countries, the qual
ity of this nutrient in the legume becomes very important 
(Kon et al. 1974; Bressani et al. 1963; Russell et al.
1946). The limiting amino acids of bean protein are the 
sulfur-containing amino acids and the chemical score has 
been reported to be as low as 32 (Bressani et al. 1961).

Biological assays of protein quality are usually 
made on cooked beans. It is known that rats die when fed 
raw beans (Bressani et al. 1963). This is due to the anti
nutrients which are partially or totally destroyed by heat 
treatment (Kakade and Evans 1966; Evans et al. 1974;
Seidl, Jaffe and Jaffe 1969). One of these anti-nutrients, 
which is also commonly present in other legumes is trypsin 
inhibitor (Evans et al. 1974; Belew, Porath and Sundberg 
1975). There are other anti-nutrients reported such as 
the hemagglutinins and possibly other not identified 
(Kakade and Evans 1966). Also, a globulin fraction has 
been reported which is resistant to seven proteases (tryp
sin, chymotrypsin, papain, ficin, hurain, and subtilisin).
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Table.7. Essential Amino Acids in Mexican Pinto Beans 

(22.58% Protein).

Essential Amino Acid g/100 g Protein

Isoleucine 5.05
Leucine 4.92
Lysine 7.08
Methionine 1.15
Phenilalanine 5.31 - • -
Threonine 4.82
Tryptophan 1.42
Valine 5.54
Arginine* 6.85
Histidine** 2.83

^Essential for rats.
**Considered essential for children.
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It inhibited the activity of such enzymes on their 
respective substrates. This globulin fraction is much 
less potent than trypsin inhibitor but its concentration 
is about fifteen times greater than that inhibitor (Seidl 
et al. 1969). Some workers have found that presoaking 
eliminates or reduces toxicity in beans. This is probably 
because the trypsin inhibitor is dissolved and removed in 
the soaking water (Kakade and Evans 1966).

Biological assays on the protein quality of beans 
have supported the fact that the limiting amino acid is 
methionine (Russell et al. 1946; Kon et al. 1974; Bressani 
et al. 1963). In a study on the growth response of rats 
with five varieties of Phaseolus vulgaris, the reported 
PER was from 0 to 0.2. When the diet was supplemented 
with 0.1% methionine, the PER increased to a range of 0.9 
to 2.0; when 0.6% methionine was.added to the diet the PER 
was raised to a range of 1.9 to 2.8 (Russell et al. 1946).
It is important to note that, in this study, the 10% pro^ 
tein in the diets Was from raw, dry, ground legumes. It 
is possible that the PER would have been higher with cooked 
beans. Another study reports the effect of supplementing 
the diet with methionine when cooked beans were used as 
the protein source. The PER was improved from 1.2 for the 
unsupplemented beans to 2.44 when supplemented with 0.3% 
methionine. The intermediate PER values were 1.85, 1.96,
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and 2.22 for a supplementation of 0 .1 , 0.15, and 0.20% 
DL-methionine, respectively (Bressani et al. 1963). In 
the same study, the optimum heat treatment to obtain max
imum protein quality was established. Cooking was in a

opressure cooker at 1.13 kg/cm pressure (121°C). The op
timum time was found to be between 10 and 30 minutes. The 
PER was 1.31, 1.35, and 1.29 for a cooking time of 10, 20, 
and 30 minutes, respectively.

The PER of cooked beans has been reported elsewhere 
as 1.39 and 2.45 for those unsupplemented and supplemented 
with 0.6% DL methionine, respectively (Ron et al. 1974).
In this study, the PER for bean powder was 1.44 and 2.51 
for the unsupplemented and supplemented bean powder, re-. 
spectively. The higher PER value for bean powder versus 
cooked, whole beans is probably due to the more drastic 
heat treatment received by the protein in the former mate
rial. The bean powder was produced by drum-drying slur
ried, cooked beans. The extra heat seems to further 
destroy the inhibitors and anti-nutrients in beans render
ing their protein more available,

There are other nutrients in beans which are very 
important; namely, minerals and some B complex vitamins. 
These nutrients are lost to a significant extent in cook
ing. Some of them are dissolved and lost in the cooking
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water, while some vitamins are destroyed by heat (Meiners 
et, al. 1976; Miller, Guadagni and Kon 1973; Tand on et al. 
1957).

The reported content of some important minerals in 
cooked and raw pinto beans and in cooking water is given 
(Meiners et al. 1976)(Table 8).

Beans have been considered to be a very good source 
of thiamin, pyridoxin, niacin, and folacin (Rockland et al.
1977). The effect of various heat treatments on vitamin 
loss has been investigated (Kon et al. 1974). A very in
teresting study was reported on the loss of vitamins in 
canning versus drum drying. It was established that there 
was no significant difference in the nutritional value of 
canned or powdered beans. Some of the results of this 
study are given (Miller et al. 1973)(Table 9).

These values compare well with other studies (Kon 
et al. 1974; Tandon et al. 1957).

In conclusion, it can be said that beans are a 
nutritionally valuable food. They are a good source of 
protein, especially if they are supplemented with methio
nine or complemented with another protein source rich in 
this amino acid. They are also very valuable as a source 
of vitamins and minerals. It should not be overlooked that 
they are also a very important source of energy since
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Table 8. Mineral Content in Pinto Beans.

Mineral Raw Beans Cooked Beans Cooking Water
. ..Ulg/ J-UU g -r

Calcium 111.70 . 48.00 22.30
Copper 0.67 . 0.25 0.19
Iron 7.04 3.28 3.35Magnesium 170.80 54.60 61.20
Manganesium 1.52 9.65 0.36
Phosphorus. 510.00 163.00 138.00
Potassium 1156.20 472.70 496.00
Sodium 2.51 2.12 1.43
Zinc 2.21 1.30 0.71

Table 9. Content of Vitamins in Beans.

Thiamin Pyridoxine Niacin Folacin
------- mg/100 g---------

Raw beans 0.86 0.61 1.74 0.28
Cooked

(2 hours) 0.54 0.40 0.97 0.19
Drum Dried 0.56 0.57 1.119 0.11
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about 50% of their dry weight is carbohydrates (Rockland 
et al. 1977; Moraes and Angelucci 1971).

Chickpea (Cicer arietinum)

General Characteristics of Chickpea
Garbanzo peas, also called chickpeas or bengal 

gram, have been an important food item in the diet of peo
ple in India, Spain, and Portugal. They are also consumed 
to some extent in Latin America. The main producing coun
try is India, followed by Spain and Portugal. The decreas
ing production of chickpea in the two latter countries has 
led to an increased production of this legume in Mexico and 
the coastal area of California in the United States (Little 
1973).

This crop is planted during the winter and har
vested in the late spring and early summer. The yield is 
about 2000 kg/hectare. Since the chickpea is a legume, it 
does not require nitrogen fertilizer but it is important 
that the plant be inoculated with the appropriate nitrogen 
fixing bacteria. This plant grows as high as 0.5 meters.
The shape of its leaves varies with variety. The flowers 
are generally white. The Spanish seed classification ex
tends from "extra," 38 to 40 seeds/30 g to No. 4 with 68 
to 72 seeds/30 g (Little 1973; Diaz de la Vega 1973).



Current Common Uses
Chickpeas are prepared in various ways in the 

consuming countries. In India and Sri Lanka, for example, 
they are prepared as a breakfast dish with chili and 
spices. In Spain and Portugal, they are an ingredient in 
many of the typical dishes prepared with beef, pork, sau
sages or other vegetables. In Pakistan, they are prepared 
in a typical food called Maroonda which consists of the 
toasted gram and gur (brown sugar) (Khalid and -Chaudry 
1971).

Chickpeas are a very good source of protein (24 to 
28%)(Narayanarao and Eolalrao 1975). Its amino acid pro
file is also fairly acceptable except for a deficiency in 
sulfur-containing amino acids (methionine). As a result, 
there is some research being done on the utilization of 
chickpea in vegetable protein mixtures (Ali 1971; McLaren 
et al. 1967; Devadas et al. 1977; Khalid and Chaudry 1971) 
The purpose of these mixtures is to combine two or more 
vegetable proteins which are complementary and to provide, 
in that way, a food with a protein of good quality.

Composition of Chickpea
The proximate composition of chickpea has been 

reported in the literature (Narayanarao and Eolalrao 1975; 
Tiwari, Charma and Ram 1977; Clark and Woodward 1966) 
(Table 10) .
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Table 10. Proximate Composition of Chickpea.

Component Range (% weight)-

Carbohydrates 61.20
Protein 24.00-28.00
Water 8.34-29.80
Fat 5.00- 6.70
Fiber 4.00- 4.70
Ash 1.90- 3.50
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The water content depends on the relative humidity 

during harvesting, on the variety, on temperature, etc.
The essential amino acids content in chickpea pro

tein compared to FAO standard protein are given (Ashur et 
al. 1973)(Table 11). According to this report, the amino 
acid profile of chickpeas is almost nutritionally ideal. 
Nevertheless, it has been reported elsewhere to be defi
cient in sulfur-containing amino acids (Russell et al.
1946; Devadas et al. 1977). Apparently, again this depends 
on several factors such as variety, soil, fertilizers, etc.

Nutritional Characteristics of Chickpea
Compositional data lead to the conclusion that 

chickpeas can be considered,a good source of protein not 
only quantitatively but also qualitatively.

A very interesting study involved 4 normal infants 
aged 2 to 3 months. In this study, the only food they con
sumed was a beverage prepared from chickpeas. All the pro
tein in the beverage was from chickpeas. Additional 
ingredients supplied other essential nutrients only. The 
infants accepted the beverage without gastrointestinal dis
turbances . Their weight and height development were very 
good. One contracted bronchalpneumonia, but even under the 
stress of that disease, he accepted the food very well 
(Banja et al. 1974).



Table 11. Essential Amino Acids in Chickpea
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Chickpea FAO
Amino Acid g/100 g Protein g/100 g Protein

Isoleucine 4.37 4.00
Leucine 8.19 7.04
Lysine 7.-87 5.44
Cysteine 1.63 ” «=>
Methionine 1.92
Total Sulfur-A.A . 3.55 3.52
Phenilalanine 6.11 — > —

Tyrosine 3.44 - “
Total Anon-A.A. . 9.55 6.08
Threonine 4.41 . 4.00
Tryptophan 1.60 0.91
Valine 4.43 4.96
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Various combinations of chickpeas with other 

vegetable protein sources have been made in order to ob
tain foods with improved nutritional value as compared to 
the individual vegetable components (Tannous et al. 1965;
Ali 1971; McLaren et al. 1967; Devadas et al. 1977).

Some interesting mixtures are the ones referred to 
as "Laubina Mixtures." Of these mixtures the most suitable 
are Laubina 104 and 105 (Tannous et al. 1965)(Table 12).

The calculated PER for these two mixtures are 2.28 
for Laubina 104 and 2.25 for Laubina 105 (McLaren et al.
1967). It is evident that the small difference of 0.03 
PER units does not justify the increased cost of skim milk 
addition (104 vs 105).

Another mixture was tested with a growth response 
in children. It consisted of sunflower meal, maize, 
roasted Bengal gram flour and sesame meal (65:15:10:10). 
Growth response as well as hemoglobin levels were signifi
cantly better in children fed this mixture than in those 
fed the control diet (Devadas et al. 1977).

In another study, the nutritional value of guar 
was improved from a NPUgt of 51.1 to a NPUg^ of 67.2 when 
the guar was complemented with chickpea in a proportion 1:1 
(Ali 1 9 7 1 ) . . .
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Laubina 104 Laubina 105 
Ingredients (% weight) (% weight)

Parboiled Wheat
(burghul) 60 70

Chickpea Flour 28 28
Dried Skim Milk 10 —  f
Bone Ash 1 1
Sucrose 1 1
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Other mixtures of chickpea, sesame seed, and dried 

skim milk or fish protein concentrate have been reported 
with NPUst of 78.5 and 86.3, respectively (Awais et al.
1968).

As is the case in other legumes, the nutritional 
value of chickpea is also lowered by trypsin and chymo- 
trypsin inhibitors. This makes heat treatment of this 
legume essential (Belew et al. 1975).

Heat treatment has the disadvantage that it tends 
to destroy or makes unavailable the essential amino acid 
lysine. When chickpeas or its crude protein are autoclaved 
at 121°C for one hour, up to 15% lysine is destroyed 
(Gonzales del Cuepto, Martinez and Frampton 1960).

Since methionine is the limiting amino acid in 
chickpea, it has been shown that its availability is great
ly involved in PER characteristics (Russell et al. 1946).

Chickpeas also contain some minerals in nutrition
ally significant amounts. The amounts of copper, iron, 
calcium, magnesium, sodium, and potassium have been re
ported (Tiwari et al. 1977)(Table 13).

Extrusion Cooking
Extrusion cooking is a relatively new technology. 

About 40 years ago, pasta was first produced by this tech
nique . After that, some puffed cereal products were devel
oped in the mid 19401s (Jansen and Harper 1980).
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Table 13. Mineral Composition in Chickpea.

Range
Mineral (mg/100 g)

Potassium 759.30-1028.40
Calcium 155.20- 233.03
Magnesium 140.21- 167.70
Sodium 9.76- 150.13
Iron 4.61- 8.00
Copper 850.20-1066.30
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This technology has been improved and its use 

expanded considerably in recent years. It has been shown 
to be economic and convenient for the preparation of many 
food products for feeding programmes in developing coun
tries. Various food products have been developed in both 
small and large scale units in Costa Rica, Guayana, Sri 
Lanka, Tanzania, Guatemala, Honduras, India, Indonesia, 
Korea, Philippines, and Thailand (Jansen and Harper 1980).

Description of. Extrusion Cooking 
Process

During extrusion, the food, which must be ground 
to a fine powder is slowly fed into a long, jacketed cyl
inder. In the first stage of extrusion, some moisture is 
introduced to the food to produce a dough-like consistency. 
Inside the cylinder, a screw compresses this dough into a 
more constricted, narrow passage. This causes the pressure 
inside the extruder to rise as high as 40 to 60 atmospheres 
(Harper 1978). At the same time, heat is applied to the 
food by means of a steam jacket. Additional heat is de
veloped by the friction and pressure. The temperature 
rises as high as 120 to 180°C, but the residence time is 
only seconds (from a few seconds to 270)(Jansen and Harper 
1980; Harper 1978). The food mixture is finally forced 
through a small orifice. The sudden drop in pressure and 
temperature as the food leaves the extruder, causes the



36
dough to puff, as a. portion of the water escapes. In this 
way the product is cooked and becomes semi-dry as it leaves 
the extruder. In low-cost extrusion cooking (LEG)(water %
_< 20%; fat % <_ 5%) , the product is completely dry after ex
trusion and does not need further drying (Jansen and Harper 
1980). In high moisture extrusion systems (water % ^ 28%), 
a drying step follows extrusion.

Extrusion Cooking Advantages
Extrusion cooking has several advantages. It cooks 

and forms the food product in one step. In this way, the 
process is more effective and less costly. Extrusion cook
ing has a wide versatility. Changes in composition of the 
food powder, moisture, temperature, pressure, and residence 
time result in a wide variety of possible products. The 
high-temperature, short-time treatment accomplishes.several 
things: it denatures enzymes, destroys anti-nutrients,
pasteurizes the product, increases digestibility by hydro
lyzing starch and protein, and the loss of lysine is mini
mized (Jansen and Harper 1980; Harper 1978).

Nutritional Studies on Extruded Products
Various studies have been conducted on the effect 

of extrusion on the nutritional value of food products. In 
a study made on. corn-soy and corn-cottonseed blends, the 
loss of vitamins was as low as 10% except for vitamin C
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which had a loss of 20 to 30% (Jansen, Harper and O'Deer
1978). In this same study, it was found that when glanded 
cottonseed was used in the blend, the PER was significantly 
lower at higher temperature. But when the glandless cot
tonseed was used, no significant change in PER was noticed 
at different temperatures. This is probably due to a de
crease of available lysine caused by a reaction of gossypol 
with the e-amino group of this amino acid.

Another PER study was made in which various pro
cesses were applied to pinto beans (Phaseolus vulgaris) and 
on a mixture of pinto beans and cowpeas (Vigna sinensis) .
The process involved soaking, heat treatment in an auto
clave, grinding, and drying. All of these steps were per
formed in different sequences. The last treatment merely 
involved cleaning, drying and extruding the beans. The 
highest PER was found in the case of extruded beans 
(Bressani et al. 1977).

Deep-Fried Foods Prepared from Legumes
Deep-frying is another way of preparing legumes for 

consumption. For example, a popular African dish, which is. 
made fronv.cowpeas , is' a fritter generally referred 
to as beignets by French-speaking countries, Some 
native tribes refer to the food as "akara" or "cossd," 
depending on the dialect. The usual process followed to
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prepare .this food is: soaking and dehulling the cowpeas;
making the soaked and dehulled peas into a paste by mixing 
them with water, chopped onion, pepper, and salt; beating 
this paste to incorporate air; and finally, deep^fat frying 
small portions of the resulting dough. This food is pre
pared either at home or by street vendors. Typically, 
children will buy it at school or take it from their homes 
to eat during the break periods. The Mussulmans in these 
African countries eat these fritters accompanied by a ce- - 
real gruel, as a snack to interrupt their rituals of fast
ing.

Food scientists in the United States have developed 
an interest in this food since it represents an interesting 
potential as a snack food or bread-like food (McWatters and 
Flora 1980). Since snack food consumption is becoming more 
and more popular in the United States (Collins and Sanders 
1973) as well as in other countries, the high percentage in 
protein of this food makes it nutritionally attractive.

Some current research is focusing on optimizing the 
process of this African food. New varieties of cowpea, 
which do not require dehulling have been used with very 
satisfactory results (McWatters and Brantley 1981). In ad
dition, there has been some interest in the investigation 
of the use of cowpea flour instead of the whole pea. In 
one particular study, panelists described the prepared food
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as "well balanced,v "delicate," "unique," and "very 
pleasing" (McWatters and Flora 1980) . This study supports 
the flour as a good potential for preparing the fritters.

Collins and Sanders (1973) have reported another 
deep-fried snack food prepared from onions and soybean. 
Panelists scored this food ranging from "slightly inferior" 
(score 4.0) to "much better" (score 7.8). Similar to the 
African food, this food is high in protein and thus, very' 
attractive as a snack food.

Other research has been conducted on frying legumes. 
However, the legumes, Lima beans (Phaseolus limensis) , and 
peas (Pisum sativum) , were prepared by simply frying the 
green or dry seed. The results of the sensory evaluation 
is reported (Kelley and Baum 1955). .



MATERIALS AND METHODS 

Materials
The sesame seed used in this work was the Eva 

cultivar from Valle del Yaqui and Alamos Region in Sonora, 
Mexico.

The pinto beans were cultivar No. Ill referred to 
as garrapata from"the coastal area of Hermosillo, Sonora, 
Mexico.

Chickpeas of the Zurutato cultivar from the coastal 
area of Hermosillo, Sonora, Mexico were used.

Morton iodized salt; Morton Salt Division of 
Morton-Norwich Products, Inc. Chicago, Illinois (granulated 
and pulverised by the U/D Cyclone Sample Mill).

Burst ’o' Lemon, lemon juice powder; McCormicck &
Co. Inc. Baltimore, M D .

Durkee Onion Power; Durkee Famous Foods SCM Corpor
ation. Cleveland, Ohio.

FM garlic powder; Distributed by FedMart Corp., 
General Offices San Diego, California.

Mazola 100% Pure 0 Corn Oil; Best Foods,CPC 
International Inc., General Offices, Englewood Cliffs, NJ.

Chili Ancho; Especies Aviles, Villa de Seris, 
Hermosillo, Sonora, Mexico.

,0



Clabber Girl--The Double Acting Baking Powder;
MFD by Human & Company. Terre Haute, IN.

Equipment
Handen expeller.
Wiley Mill, std. Model No. 3, Arthur H. Thomas Co. 

Philadelphia, U.S.A.
Solvent extractor, MFD by Brighton Copper Works, • 

Inc. Cincinnati, Ohio.
Electric drying oven> catalog No. 702 MFD by 

Chicago Surgical and Electrical Co. Chicago, Illinois, 
division of Labline Inc.

Kjeldahl..ApparatuslNo. 23.41, MFD by Laboratory 
Construction Company. Kansas City, Missouri.

Soxhlet Apparatus No. 30001, MFD by Laboratory 
Construction Company, Kansas City, Missouri.

Muffle furnace No. F1730, MFD by Thermolyne Cor
poration, Dubuque, Iowa.

Vacuum oven Model No. 5831. National Appliance 
Company, Portland, Oregon.

Dessicator, MED by Bockel. Philadephia, Pennsyl
vania .

Beckman Model 121 Automatic Amino Acid Analizer. 
Beckman Instruments, Inc., Spiaco Division. Palo Alto, 
California.
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Gilford Instrument Spectrophotometer 2400, Gilford 

Instrument Laboratories, Inc., Oberlin, Ohio.
Dura-Dry Corrosion Resistant freeze-dryer, MFD by 

FTS Systems, Inc., Ridge Stone, New York.
Presto Pressure Cooker, Model-40, National Pressure 

Cooker Co., Eau Claire, Wisconsin.
Waring Commercial Blender Model 31BL79, Catalog 

CB-6 , Waring Products Division Dynamics Co. of America,
New Hartford, Connecticut.

Disc Mill, F4385 Model 148 Size 8 , MFD by Bauer 
Bros. Co., a subsidiary of Combustion Engineering, Inc. 
Springfield, Ohio.

Alpine Augsburg pin mill type 160z from Wenger 
Manufacturing, Sabetha, Kansas.

Extrusion cooker, Wenger x-5, MFD, Sabetha, Kansas. 
Fisher Accumet pH meter, Model No. 220 with a glass 

electrode.
U/D Cyclone Sample Mill 60hz No. 3010-030, U/D 

Corporation, Boulder, Colorado.
Sunbeam Cooker and Deep Fryer Model CF-5,, Sunbeam 

Corporation, Chicago, U.S.A.
Montgomery Ward 1.5 Microwave Oven Model 8241.

U.S.A.



Oil Extraction of Sesame Seed 
Sesame seed (SS) was oil extracted in two stages:

1) Expeller extraction
2) Solvent extraction

Expeller Extraction
This extraction was accomplished in the Handen 

expeller. Decorticated ss was fed directly into the ex
peller without the normal precooking applied in the case 
of other materials. The temperature in the expeller was

949°C and the pressure was from 1500 to 2300 kg/cm . The 
extracted material exited the expeller in a sheet 2 mm 
thick. This meal was then ground to 1 mm in the Wiley 
mill using a 427 5 - C grinding .head...

Solvent Extraction
Half of the ground expeller material was solvent 

extracted with hexane. The extraction was carried out for 
24 hours at room temperature and atmospheric pressure.
Part of the residual solvent was eliminated by dripping. 
The extracted meal was placed in a 1 cm layer on trays in 
the electric drying oven with the heat control off. The 
fan was turned on and the meal was allowed to dry at room 
temperature for 40 hours, until no solvent odor could be 
detected.



44
Both the expeHer meal (ESM) and the solvent 

extracted meal (SSM) were stored in separate, air-tight 
containers at 4°C until used for further experiments.

Analysis of Raw Materials

Proximate Analysis
Protein was determined by the Kjeldahl method, 

moisture by drying the sample overnight in a vacuum oven 
at 65°C, fat by extraction with ethyl ether for 6 hours 
in the Soxhlet apparatus, ash by heating the sample in a 
muffle overnight at 500°G, and fiber by the acid detergent 
method (AOAC 1980). Carbohydrates were determined by 
difference.

Amino Acid Profile and ' . '
Protein Quality Determination

Amino acids were determined according to the
method of Reid (Reid, unpublished data). Duplicates of
the sample weighing 0.100 g each are digested for 16 to
18 hours with 25 ml of 6 N HC1 at a temperature of 121°C

2and 0.9 kg/cm (13 PSI.) of pressure. One sample contained 
sodium thyoglycolate while the other did not. This com
pound protects methionine but destroys cysteine. Both 
digested samples were anlysed on the Beckman amino acid 
analyzer. Methionine concentration is taken from the so
dium thyogylcolate-containing sample. Cysteine
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concentration is taken from the sample without sodium 
thyoglycolate. The other amino acids concentrations are 
taken as the average of the duplicates.

The chemical score and the essential amino acid 
index were calculated as described elsewhere (Crampton/ 
Harris . 1969),.. The chemical score is the ratio of the 
most limiting amino acid to its corresponding FAO standard 
concentration expressed as a percentage. The essential 
amino acid index (EAT) is calculated as follows: The
ratio of the concentration of each essential amino acid 
to its corresponding FAO standard concentration is calcu
lated as a percent. The logarithm of each percent is ob
tained, with 2 being the highest possible value assigned 
although the percentage may be above 100. These loga
rithms are then summed and the average is obtained. The 
anti-logarithm of this average is the EAI. EAT gives an 
expression of the overall profile of essential amino acids.

Trypsin Inhibitor
Trypsin inhibitor activity was determined accord

ing to the method of Bergmeyer (Bergmeyer 1974). In 
this method the trypsin inhibitor activity is expressed in 
lU/g sample. The reactant used in N-benzoylarginlne-p-
nitroaniline which reacts with trypsin to give the colored

2compound p-nitroaniline (-e405 = 9.95 cm /uM) . Each 1U
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equals a difference in delta A/minute between the blank 
and the sample of 3.32 at 405 nm in 3 ml assay mixture.' 
Trypsin inhibitor was extracted from samples according 
to the method of Filho (Fllho 1973).

Preparation of Refried Beans, Blended
with Sesame Seed Meals —

In order to investigate the basic feasibility of 
this product, the following initial trial was made: a
150 g sample of pinto beans was washed and soaked over
night in 150 g of tap water at 4°C. The soaked beans were
then cooked in a pressure cooker for 18 minutes at 1.05
kg/cm (15 psi) pressure in 1 liter of tap water, The 
cooked beans were blended in a Waring blender after dis
carding 459 ml of the cooking water. This slurry was . 
dried in the freeze-dryer for about 65 hours and stored 
at 4°C. Half of the bean powder was then mixed with ESM. 
The other half was mixed with SSM. Each mixture was at 
a 65:35 bean:sesame meal proportion. This blend had been 
calculated to provide a nutritionally adequate amino acid 
balance. These mixtures were re-hydrated with an equal 
volume of boiling water. A control (bean powder) was pre
pared in the same way. They were then fried in a pan 
with the usual amounts of vegetable oil, onion powder, and'" 
salt. They were compared to a similar commercial
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reconstitutable bean product by an informal panel of 
trained observers.

Production of Chickpea-Sesame Meal Snack and of 
Beans-Sesame Meal Reconstitutable Beans by 

the Use of an Extruder
Both beans and chickpeas were cooked separately

in a pressure cooker for 30 minutes at 121°C and 1.05 kg/
2cm (15 psi) of pressure.. Care was taken to avoid a 

direct contact with water by placing the legumes on a tray 
above water level in the pressure cooker. The cooked 
legumes were ground in a Waring blender with dry ice.
Two mixtures were prepared: (1) BeanrESM at a proportion
of 65:35 and (2) Chickpea:ESM at a 60:40 proportion.
Both mixtures which weighed approximately 1.5 kg each, 
were then extruded in the Wenger X-5 machine.

The moisture content of these products was deter
mined by drying two 2 g duplicates of each product at 
100°C for 2 hours in a vacuum oven.

Production of Extruded Chickpea-SSM Snack 
Food and of Beans-SSM for Refrying

The raw legumes were cleaned by washing with
running, cold tap water. They were dried by absorbing the
free water on a paper covered table and then placing them
in an oven at 71°C. The beans were dried in the oven for
15 minutes while the chickpeas were dried for one hour,



The dry legumes were ground in the disc mill with plates 
No. 8114,

Eight kg batches each of beans:SSM (65:35) and 
chickpea:SSM (70:30) mixtures were prepared. One percent 
of salt was added, each mixture placed in separate cylin
drical air tight containers (35 cm diameter, 57 cm height) 
and the containers rolled on the floor for about 15 min
utes until thorough mixing was accomplished. These mix
tures were further ground in the Alpine Augsburg pin mill 
to approximately 200 mesh. They were then extruded in 
the Wenger X-5 machine. The conditions of the extruder 
varied slightly during the production due to the fact that 
a certain degree of instability was inevitable.

The steam water control valves settings were: 
Position of valves--! through 8 :
Valves at positions 1 through 5--co.ld tap water,
Valves at positions 6 and 7--variable steam or water 

as required,
Valve 8--cold tap water.

Other controls:
Feed rate— 17 r.p.m.
Extruder speed--3.8 (equal 700 r.p.m.).
Water feed--varied from 0.1 to 0.5.

The extruded products were then dried in the con
tinuous belt dryer at 160° for 15 minutes.
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Analysis of Extruded Products 

Proximate analysis, amino acid profile, protein 
quality, and trypsin inhibitor were determined in the 
same way as for raw materials.

Specific Volume
. Specific Volume was determined by weighing 100 ml 

of the products or powders in a calibrated beaker. The 
beaker was calibrated with a graduated cylinder.

pH Determination
pH was determined according to Bain's method 

(Bain 1980.) . In this method 20 g of sample and 120 ml 
of water are blended in a Waring blender for 30 seconds 
and the measurement is made with the Fisher Accumet pH 
meter.

Moisture of Reconstituted Refried Beans
The moisture of the reconstituted refried beans 

was determined by drying two duplicates in a vacuum oven 
at 100°C for 2 hours.

Sensory Evaluation
Preparation of the samples. The extruded products 

were flavored and prepared before the sensory evaluation.
1) Refried Beans Preparation--3 40 g of beans:SSM 

extruded product (.BSEP) were ground in a Waring blender
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(to approximately 2 mm particle size) and re-hydrated in 
700 ml of boiling tap water. This re-hydrated mixture was 
stored in a refrigerator at 4°C over the weekend. The 
seasonings were added as follows: 15.03 g salt, 1.5 g
onion powder, 0.44 g garlic powder, and 5 g of chili.
While the mixture was hot, and still being heated, 95.2 
g of vegetable (corn) oil were added and mixed to fry the . 
beans. The refried beans were kept in the refrigerator 
at 4°C overnight and reheated to about 45°C the next day 
for the sensory evaluation, adding water as needed.

2) Chickpea:SSM Snack Preparation--A suitable mixture 
of pulverized salt, chili and lemon juice powder were 
added to the chickpea:SSM extruded product (CSEP). It con
tained 51.1% chili, 32.6% salt and 16.3% lemon juice pow
der . In order to make this powdered mixture adhere to 
CSEP, 730 g of the latter that had been sorted by size and 
shape, were heated to 71°C and mixed with an excess of 
this mixture while hot. It was then stored at 4° after it 
had attained room temperature. The next day the snack 
was separated from the excess powder by sifting and pre
sented to the evaluating panel.

Two different methods were used in the sensory 
evaluation:

1) A hedonic scale (ASTM, 1968);.
2) FACT score (Schutz 1965) .
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A panel of 24 Latin Americans, comprised of 13 

women and 11 men were randomly, selected as judges. They
ranged in age from 21 to 35 years. Samples of the two
evaluating sheets, in Spanish and English are presented 
(Figures 1, 2, 3, and 4).

For beans evaluation, two identical samples 
differently labeled with non-descriptive symbols were 
given to each judge at a single session on one day.

For the snack food, the sample was presented in 
duplicate on two other consecutive days-. The samples 
were identified by non-descriptive symbols.

The instructions were given to the panel on the
first day only, since the procedure was the same on each
day of the three days. Panel instructions were: "You are
going to evaluate 2 food products whose flavor you are 
familiar with. Today you will evaluate refried beans 
and, on two following days, a snack food. On each day 
you will be given two different samples, each having 
different identification symbols. On the table you will 
find 3 evaluating sheets, One corresponds to the FACT 
score where you will choose the statement that most close
ly agrees with how you feel about the- food. The other two 
sheets correspond to- the hedonic scale rating for each 
sample. On the hedonic scale there is a line extending 
from "unacceptable" to "excellent." Place a slash mark



Nombre Juez #
Fecha

Symbol
Favor de calificar este alimento con el siguiente criterio. Trace una linea 
cortando la linea horizon al en el punto donde considere que corresponde a cada 
atributo. Gracias.

Inaceptable Excelente
Color_____________________ ________________________________________ _____________ _

Olor ________________________________________________________ ___
Apariencia
General I__________  ' . _____ ________________

Textura (o 
consistencia al
paladar) ”   ■______ _____________ ________________

Sab or

Sabor

Comentarios:

Figure 1. Escala Hedonica



Name Judge #
Date

Symbol
Please rate this food on the following criteria. Draw a vertical slash (/) through 
the horizonatal line at the. point you feel this food rates on each criteria oh the 
following scale. Thank you.

Unacceptable Excellent
Color________________________________ ___________________________________ _________

Aroma ___________________________________________________________
General
Appearance I_______ .______________________  '

Texture  ;______   .__________ ;________ ;_____________ •

Mouthfeel ________________ ___________________________________________

Flavor  ’____________________________ _
Overall
Acceptability_________ | _ _ _ ______       , ■_______  ■

Comments:

Figure 2. Hedonic Scale



Nombre ____________________

Favor de marcar con una palomita (/) la oracidn que se acerque 
sobre cada muestra.
Muestra Symbol
Comeria esto en cada oportunidad que se ______
presentara
Comeria esto con mucha frecuencia ______
Comeria esto con frecuencia ______
Me gusta esto y lo comeria de vez en cuando  ____
Comeria esto si lo tuviera a la mano pero______ ______
no haria un esfuerzo extra para obtenerlo
No me gusta, pero lo comeria ocasionalmente  ____
Dudo que comiera esto alguna vez '
Comeria esto si no hubiera ninguna otra cosa ______
que comer
Comeria esto solamente a la fuerza

Juez #______
Fecha _______

mas a su opinidn

Symbol

Figure 3. FACT Score



Name Judge #
Date

Please check (/) the one statement which most closely matches the way you feel 
about each sample. Check only one statement per sample, but be sure to check a 
statement for each sample.
Sample Symbol Symbol
I would eat this every opportunity I had.______ _____ _ ______
I would eat this very often. ______  ______
I would frequently eat this. ______  ______
I like this and would eat it now and,then._____ ______  _______
I would eat this if available but would 
not go out of my way.
I don't like it but would eat it on 
occasion.
I would hardly ever eat this.___________________ ______  ______
I would eat this only if there were no other  ____  _______
food choice.
I would eat this if I were forced to.

Figure 4. • FACT Score
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on this line at a point which corresponds to how you feel 
about the food's attribute. There is a glass of water 
on the table so that you can rinse your mouth between each 
sample. Thank you very much for your cooperation."

•The panelists were seated in individual, white 
booths where the two samples, the evaluating sheets and 
a glass of water were found.

Descriptive statistics and analysis of variance 
were calculated from the results of the evaluation.

Analysis of Commercial Products 
The composition and properties of the experimental 

products were compared to two comparable commercial pro
ducts. The proximate analysis, trypsin inhibitor, pH, 
and specific gravity were determined with the same 
methodology as previously described.

Preparation of the Deep-Fried Bean:SSM Product (.DFBS)
DFBS is based on the African food made from cow- 

peas (McWatter and Flora 1980;- McWatters and Brantley 
1981). Two DFBS were developed. They differed from each 
other in that one had only seasoning and the other had 
seasoning and baking powder. In addition, the amount and 
type of seasoning differed between the two samples.

1) DFBS Prepared without Baking Powder--A list of 
the ingredients is given (Table 14) and the process is as
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Table 14. Ingredients of DFBS (Without Baking Powder)

Ingredient Amount (g)

Water 300
Beans:SSM (65:35) powdered, 
mixture* 200
Salt 3
Pepper 1
Onion powder 1

*The same powdered mixture used for extrusion.
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follows: all the ingredients, except the oil were mixed
in a Waring blender for 90 seconds. Small portions (ca.
10 g) of the resulting dough were dropped in the deep 
fryer and Were deep-fried for 10 to 13 minutes, The tem
perature of the oil was 190°G as recommended elsewhere 
(Williams and Zoaka 1976). . The fried, small bread-like 
DFBS were placed On absorbent paper to remove the excess 
oil. The DFBS were given to a panel of trained observers. 
Some of the DFBS were stored at 4°C for further observa
tion and analysis. Subsequently, these were tasted by 
African students after re-heating in a microwave oven.

2) DFBS Prepared with Baking Powder--A list of ingre
dients is given (Table 15). The process was similar to 
that of the DFBS without baking powder except the mixing 
time in the Waring blender was 120 seconds and the frying 
time was 8 to 10 minutes. They also were stored at 4°C, 
re-heated in a microwave oven and tasted by the same . 
African students.

DFBS Analysis ___
\ .Water and fat were determined by the same method

ology used for the raw materials. Ash, protein and fiber 
were calculated considering that the powdered beans; SSN 
mixture with which DFBS were prepared was the same mixture 
used for BSEP production. Trypsin inhibitor activity was 
determined as described earlier for the raw materials.
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Table 15. Ingredients of DFBS (With Baking Powder)

Ingredient Amount (g)

Water 300
Beans:SSM (65:35) powdered 200
mixture*
Salt 10
Onion powder 3.7
Garlic powder 1.0
Baking powder 25 (2% teaspoons)

*The same powdered mixture used for extrusion.



RESULTS AND DISCUSSION

Oil Extraction of. Sesame Seed

Expeller Extraction.
The fat content of the sesame meal after expeller 

(screw-pressed) extraction was 32.31%. This is somewhat 
higher than the values reported in the literature (Carter . 
and Cirino 1961). This was probably due to the omission 
of preliminary seed conditioning. The usual preliminary 
treatment liquifies the oil and adjusts the moisture con
tent to about 3% and, as a result, the extraction efficien
cy is improved. The initial moisture content of the SS 
was 3% but apparently pre-heating of the seed was also 
necessary to achieve a more efficient oil^extraction.

Solvent Extraction
The SSM had a fat content of 0.77% which was close 

to the values reported in the literature for similar pro
ducts (Carter and Cirinio 1961; Lyon 1972). The appear
ance of the SSM was a dry, fluffy and very light colored 
powder.

60
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Analysis of Raw Materials

Proximate Composition
. The proximate composition of SS, ESM, SSM, pinto 

beans, and chickpea is summarized (Table 16).
The proximate composition values of SS compare

closely with those reported in the literature (Carter and 
Cirino 1961; Lyon 1972; Pomeranz, et al. 1969). The 
proximate composition of SSM can be compared to that of 
sesame flour reported by Carter and Cirino (1961) because 
of the low fat percentage of SSM. It was expected that 
the composition reported for screw-pressed sesame meals, 
however, would be somewhat different from the ESM in this 
work (Pomeranz, et al. 1969). This is due to the higher 
fat content of the latter which in turn affects the per
centage proportions of the other components.

The proximate composition reported for pinto beans
(Bressani et al. 1961; Moraes and Angelucci 1971) as well
as -for chickpea (Narayanarao and Eolalrao 1975; Ferndndez 
de Tone11a 1980) is very close to the values determined 
for each of those.legumes in the current work.

Amino Acid Profile and 
Protein Quality Determination

The amino acid profile for SS, ESM, SSM, pinto 
beans, and chickpea are presented (Table 17).
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Table 16. Proximate Composition of Raw Materials

Components Z-
N % 1 rt

Material Water Fat Protein Fiber Ash Carbo
hydrates

SS 3.27 58.89 25.27 2.26 2.94 7.37
ESM 4.88 32.31 40.21 3.48 4.68 14.44
SSM 7.32 ' 0.77 62.88 5.07 6.62 17.34
Pinto 8.60 0.72 24.30 6.06 4.25 56.07

Beans
Chickpea 9.99 5.29 21.34 3.66 2.93 56.79



Table 17. Amino Acid Profile of Raw Materials

 % -----------
SS _____   ESM_____   SSM Pinto Beans Chickpea

Amino Acid Sample Protein Sample Protein Sample Protein Sample Protein Sample Protein

Lysine 0.72 2.85 1.16 2.88 1.64 2.60 1.77 7.24 1.41 6.63
Hystidine 0.66 2.63 1.03 2.55 1.47 2.34 0.79 3.24 0.50 2.35
Ammonia 0.60 2.38 0.51 1.28 0.75 1.20 0.52 2.12 0.18 0.85
Arginine 3.44 13.64 5.30 13.19 7.84 12.46 0.85 7.56 2.50 11.71
Aspartic 2.29 9.07 3.79 9,43 5.25 8.35 2.90 11.87 2.31 10.80
Threonine 0.95 3.76 1.51 3.76 2.06 3.28 0.92 3.79 0.71 3.34
Senine 1.14 4.52 1.75 . 4.35 2.42 3.85 1.31 5.36 0.95 4.45
Glutamic 5.20 20.52 8.37 20.81 12.07 19.20 4.23 17.34 3.36 15.75
Proline 0.86 3.39 1.23 3,07 1.79 2.85 0.94 3.87 0.77 3.62
Glycine 1.33 5.26 2.12 5.27 3.02 4.80 0.94 3.85 0.82 3.85
Alanine 1.18 4.68 1.82 4.53 2.53 4.02 0.91 3.71 0.81 3.82
Cysteine 0.53 2.11 0.40 0.99 0.13 0.21 0.06 0.26 0.15 0.69
Valine 1.31 5.19 2.09 5.20 2.87 4.57 1.31 5.38 1.00 4.68
Methionine 0.73 2.87 1.26 3.13 2.15 3.42 0.32 1.31 0.29 1.35
Isoleucine 1.06 4.18 1.81 4.51 2.89 4.59 1.14 4.66 0.96 4.50
Leucine 1.81 7.18 2.56 6.36 4.27 6.78 1.94 7.93 1/52 7.11'
Tyrosine 0.70 2.76 1.17 2.92 1.59 2.53 0.68 2,81 0.47 2.21
Phenylalanine 1.21 4.78 1.89 4.71 2.64 4.20 1.37 5.63 1.22 5.72

o\w
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The determined amino acid profile for beans (Moraes 

and Angelucci 1971; Hojjati 1976), as well as for chickpea 
(Susulski, Chakrahorty and Humbert 1978; Fernandez de 
Tone11a 1980) follows the typical pattern reported by other 
workers. The slight differences found in some of the amino 
acids can be attributed to factors such as differences in 
varieties, soil, weather, or analytical techniques.

The same observation is true for the amino acid 
profiles of SS and its products as reported in the litera
ture (Carter and Cirino 1961; Lyon 1972; Winkelmann 1974) 
when compared with the ones determined in this work.

Protein quality as related to chemical score (CS) 
and essential amino acid index (EAT) is summarized for 
each of.the raw materials (Tables 18 to 22).

The limiting amino acid of SS, as well as that of 
its meals was lysine, as was expected from the reports in 
the literature. Nevertheless, the chemical score is 
slightly higher than that reported by FAQ (48 vs. 52)
(FAO 1970). According to these results the second limiting 
amino acid of SS and its meals is threonine. Other than 
the limiting ones, the determined EAT reveals a. fairly 
good balance of the other essential amino acids.

The limiting amino acid of beans and chickpea are 
the sulfur-amino acids with chemical scores of 47 and 57.9, 
respectively. These values are close to those given in
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Table 18. Protein Quality of Sesame Seed

Amino Acid

FAO/WHO (1973) 
Std. Protein 
g A.A./100 g 
Protein

SS.Protein 
g A.A./100 g % of std. 

Protein A.A. conc.
log 

(% std)

Isoleucine . 4 4.18 104 2
Leucine 7.04 7.18 102 2
Sulfur— A. A. 3.52 4.98 141 2
Aromatic A.A. 6.08 7.54 124 2
Threonine 4 3.76 94 1.97313
Tryptophan 0.96 2.0-2.4* 208-250 2
Valine 4.96 4.19 105 2
Lysine 5.44 2.85 52 1.716

• Z log = 15.68913
CS = 52 X log = 1.9611412

EAI = 91.4 antilog = 91,4

*Carter and Ciriiro 1961.
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Table 19. Protein Quality of PSM.

FAO/WHO (1973)
Std. Protein ESM Protein
g A.A./100 g g A.A./100 g % of std. log

Amino Acid protein protein A.A. cone. (% std)

Isoleucine 4.00 4.51 113 2
Leucine 7.04 6.36 90.3 1.956
Sulfur-A. A. 3.52 4.12 117 2
Aromatic A.A. 6.08 7.63 126 2
Threonine 4.00 3.76 94 1.973
Tryptophan 0.96 2.0-2.4* 208-250 2
Valine 4.96 5.20 105 2
Lysine 5.44 2.88 52.9 1.723

Z log = 15.65279
CS =52.9 X log = 1.956598
EAI =90.5 antilog = 90.5

*Lyon, 1972.
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Table 20. Protein Quality of SSM.

Amino Acid

FAO/WHO (1973) 
Std. Protein 
g A.A./100 g 
Protein

SSM Protein 
g A.A./100 g 
Protein

% of std. 
A.A. Cone.

log
(% std)

Isoleucine 4.00 4.59 . 114 2
Leucine 7.04 6.78 96 1.98
Sulfur-A.A. 3.52 3.63 103 2
Aromatic A.A. 6.08 6.73 111 2
Threonine 4.00 3.28 82 1.914
Tryptophan 0.96 2.0—2.4* 208-250 2
Valine 4.96 4.57 92 1.964
Lysine 5.44 2.60 48 1.637

Z log - 15.537
CS = 48 X log = 1.942
EAI =87.5 antilog = 87.5

*Lyon 1972.
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Table 21. Protein Quality of Pinto Beans

Amino Acid

FAO/WHO (1973) 
Std. Protein 
g A.A./100 g 
Protein

Pinto Bean 
‘ Protein 
g A.A./100 g 
Protein

% of std. 
AiA. Cone.

log
(.% std)

Isoleucine 4.00 4.66 116 2
Leucine 7.04 7.93 113 2
Sulfur-A.A. 3.52 1.57 47 1.6721
Aromatic A.A. 6.08 8.44 139 2
Threonine 4.00 3.79 95 1.9772
Tryptophan 0.96 1.18-1.42* 123-148 2
Valine 4.96 5.38 108 2
Lysine 5.44 7.24 133 2

Z log = 15.2145
CS =47 ' X log = 1.95623
EAI = 90.4 antilog = 90.4

*Hojjati, 1976; Lyman, et al., 1956.



Table 22. Protein Quality of Chickpea.
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FAO/WHO (.1973) Chickpea
S.td. Protein Protein
g A.A./100 g g A.A.7100 % of std. log

Amino Acid Protein Protein. A.A. Cone (.% std)

Isoleucine 4.00 4.50 112.5 2
Leucine 7.04 7.11 101 2
Sulfur-A.A. 3.52 2.04 57.9 1.79309
Aromatic A.A. 6.08 7.99 131 2
Threonine 4.00 3.34 83.5 1.92169
Tryptophan 0.96 0.864* 90 1.95424
Valine 4.96 ' 4.68 94.4 1.97476
Lysine 5.44 6.63 122 2

Z log = 15.61378
CS = 57.9 X log = 1.951722
EAI = 89.5 antilog = 89.5

*FAO, 1970.
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the literature. Beans' chemical score is exactly the same 
as reported by FAO (FAO 1970) and the similar value for 
chickpea is 53 which is very close to the 57.9 determined 
in this material.

The EAI of both legumes reveals that, except for
the limiting ones, the essential amino acids present a
good balance in these materials.

It is interesting to note that the total sulfur-
amino acids percentage of FAO standard protein in SS and
meals is above 100%, while the lysine percentage of the 
FAO standard protein in both legumes, bean and chickpea, 
is also above 100% (Table 23).

From these results it can be seen that the protein 
of SS and its meals complements the protein of pinto beans 
and chickpea.

Since this work was to develop food products iri-
"x

volving blends of sesame meals and legumes, the complemen
tary aspect of the respective materials was very satisfac
tory .

Trypsin Inhibitor
The trypsin inhibitor activity in raw legumes was 

5.93 lU/g and 6.36 lU/g for the beans and chickpea, re
spectively. The trypsin inhibitor in chickpea was not
only at a higher concentration than that in beans, but it

I ■
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Table 23. A Summary of Protein Quality Properties of 

Raw Materials.

Property SS ESM SSM P . Beans Chickpea

Limiting 
Ao A.e lysine lysine . lysine sulfur-A.A. surfurjrA.A.

% Lysine 
of std. 
FAO 52 52.9 48.0 133.0 122.0

% Sulfur- 
A.A. of 
std. FAO 141 117 103 47.0 57.9

CS 52 52.9 48 47.0 57.9
EAI 91.4 90.5 87.5 90.4 89.5 •
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was apparently more difficult to destroy as mentioned in a . 
subsequent section of this work.

Preparation of Refried Beans, Blended 
with Sesame Seed Meals

The freeze dried beans prepared from an autoclaved 
slurry had a fluffy, light appearance. When mixed with 
either ESM or SSM, a uniform mixture was obtained. Each 
of these mixtures (beans:ESM; and beans:SSM), as well as 
the control rehydrated instantly when mixed with an equal 
volume of boiling water. Each of the three were found 
to be somewhat different from the commercial product in 
texture and color. This was probably due to the different 
amount of heat applied in the commercial process compared 
to the procedure followed herein. The commercial beans 
had been extruded, and probably had also undergone addi
tional cooking prior to extrusion. The commercial beans 
had a more pronounced beany flavor and a drier texture.
The beany flavor in the experimental product could pro
bably be enhanced by a more drastic heat treatment, or by 
further frying. The texture of both beans:sesame meal 
mixtures, as well as that of the control was found to be 
somewhat soft, probably because of the fluffly, light con
sistency of the freeze-dry product. The commercial pro
duct, on the other hand, was shaped as extruded elongated/
1 cm particles.
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Nevertheless, the (beans:sesame meal) refried 

mixtures were evaluated as being pleasant and acceptable 
by the informal panel of 7 trained observers. ^

Production of Chickpea-ESM Snack and of 
Beans-ESM Reconstitutible Beans by 

the use of an Extruder
; Once the (beans:sesame meal) reconstituted refried 

beans were found acceptable, an extrusion process was 
planned. A second product, a chickpea-ESM snack food was 
proposed by use of the same technology.

The first trial of the extruded products elabora
tion gave some clues for succeeding experiments. The 
first products were not completely cooked nor dry.

It.was suggested that this was caused by too high 
fat and moisture contents. When the fat content of the 
raw, powdered material is too high, the fat liquifies and 
lubricates the product preventing it from achieving com
plete cooking during extrusion. A too high moisture con
tent will also contribute to this effect and, in addition, 
will make drying of the product more difficult,

The chickpea-ESM and beans-ESM products had a 
moisture content of 20.7% and 19.0%,respectively. The 
fat content was calculated from the analysis of the raw 
materials (legumes and ESM) and the proportions used in

Vthe mixtures. It was determined to be 13,86 and 10.22%



for the chickpea-ESM product and the beans-ESM product, 
respectively. These values were considered to be too 
high, and so, preparation of lower moisture and fat mix
tures were planned to obtain more acceptable extruded 
products.

Since it was suggested that the denaturation of the 
proteins prevented the extruded products from puffing, the 
pressure-cooking step was eliminated in the succeeding 
trials. The use of raw legumes would significantly de
crease the moisture content of the starting materials.
The fat content of the mixtures would be decreased by using 
SSM instead of ESM.

Production of Extruded Chickpea-SSM Snack 
Food and of Beans-SSM for Refrying

This experiment used the same conditions as in a 
previous trial where the raw legumes and SSM were used 
to prepare powdered mixtures, and which gave very satis
factory products.

The products obtained in this experiment had a 
cooked odor and appearance, They were puffed and were 
almost completely dry when they exited the extruder. They 
were completely dried in the continuous belt dryer.

The only problem noted was that the products were 
somewhat nonuniform. This was because the Wenger X-5 is 
an experimental machine planned to operate about 30 minutes
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at any given time. In this experiment, it had about a 
4 hour run. The products could easily be made more uniform 
by using the Wenger X-25 or similar machine.

Analysis of Extruded Products 
The extruded products were analyzed and some of 

their characteristics compared to similar commercial pro
ducts. These were a commercial extruded instant bean 
product (CEIB) and an extruded, fried snack.(EFCS) similar 
in shape to the experimental product in this work but 
based on corn meal.

Proximate Composition
The proximate composition and caloric values of 

the extruded products were compared to the proximate 
composition of the similar commercial counterparts (Table 
24). The proximate composition of the extruded products 
was close to expected values'from the proportions of the 
raw materials used in the mixtures.

As can be seen, the protein contents of the pro
ducts elaborated in this work were significantly higher 
than those of their commercial counterparts, The BSEP was 
66% higher in protein than CIEB, while the CSEP was almost 
4 times higher in protein than EFCS (399%).

On the other hand, the carbohydrate and fat con
tents were lower in the newly developed products, than in



Table 24. Proximate Composition of Extruded Products and of Similar Commercial 
Counterparts.

% by weight % by weight
Component BSEP* CEIB % difference CSEP** EFCS % difference

Water 6.86 4.66 +47 9.03 1.54 +486
Fat 0.38 0.71 -46 2.15 28.78 - 92
Protein 39.16 23,46 +66 33.76 6.76 +399
Fiber 7.48 13.56 -44 5.44 3.89 + 39
Ash 6.04 6.51 — 7 o 2 5.05 3.63 + 39
Carbohydrates 40,08 51.1 -21.7 35.54 55; 40 - 19.9
Calories/100 g 320.38 304.63 + 5.1 296.55 507.66 — 41,6

*BSEP = Beans-SSM extruded product.
**CSEP = Chickpea-SSM extruded product.
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the commercial products. The carbohydrate percentage of 
BSEP was 21.7% lower than that of the CIEB and the similar 
value of CSEP was 19.9% lower than that of the EFCS.

The fat percentage of BSEP was 40% lower than that 
in CEIB, but this is not very significant since the fat 
percentage in both was quite low and part of the .differ-. 
ence could be due to analytical error. On the other hand, 
the difference in fat content of CSEP as compared to EFCS 
is very significant, 2.15% vs 28.78% or. a 92% difference.

The fiber percentage of BSEP was 44% lower than 
that in CEIB. The latter had a considerably higher value 
for beans than reported elsewhere (Bressani et al. 1961; 
Moraes and Angelucci 1971). The fiber percentage of CSEP 
was 39% higher than that of EFCS.

The water percentage of the experimental products 
was somewhat higher than in the commercial counterparts; 
namely, 47% higher in BSEP than in CEIB and 486% higher in 
CSEP than in EFCS.

The ash content of BSEP was 7.2% lower than that of 
CEIB. The ash percentage of CSEP was 39% higher than that 
of EFCS.

The caloric content of BSEP was only sightly lower 
than that of CEIB (5%). On the other hand, the similar 
value of CSEP was significantly lower than that of EFCS 
(41.6%).
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Another way of looking at the difference between 

the composition of the commercial products and the products 
in this, work is to consider the caloric contribution of 
each component to the total amount of calories (Table 25).

The percentage of calories provided by proteins in 
BSEP is significantly higher "than that provided by the same 
constituent in CEIB (48.9% vs 30.8%). On the other hand, 
the proportion of calories provided by carbohydrates in 
BSEP is significantly lower than that derived from the 
similar component in CEIB (50.5% vs 67.1%). This means 
that, on an isocaloric basis, more protein (58.7% more) and 
less carbohydrate (2.54% less) are provided by BSEP. An 
appropriate diet for an adolescent should derive at least 
15% of its total calories from protein (Andrews 1975).
BSEP would be a significantly superior food in this regard. 
The fat contribution to the total calories is very small 
for both BSEP and CEIB (1.1% and 2.1%).

On the contrary, the contribution of fat to the 
total calories is high in EFCS (51.0%) as compared to that 
in CSEP (6.5%). On the other hand, the protein contribu
tion to total calories is high for CSEP (45.5%) and low for 
EFCS (5.3%,). Carbohydrate contribution to total calories 
is very similar in both CSEP and EFCS (47.9% and 43.6%).
On an isocaloric basis, therefore, a much higher amount of 
protein (754.4% more) and a significantly lower amount of
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Table 25. Caloric* Distribution by Component of the 

Extruded Products and its Commercial Coun
terparts .

Components
Product Fat Protein Carbohydrates

------ 7o of total calories--------

BSEP 1.1 48.9 50.0
CEIB 2.1 30.8 67.1
CSEP 6.5 45.5 47.9
EFCS 51.0 5.3 43.6

*Caloric values determined by calculation.
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fat (87. 2% less) is provided by C S E P T h i s  fact makes it 
much more nutritionally attractive, especially for people 
in countries where there is a protein deficiency.

Amino Acid Profile and 
Protein Quality

The higher amount of protein in the experimental 
products as compared to the commercial material is not

I
their only advantage. The superior quality of their pro
tein is also very important. The amino acid profile was 
determined in order to evaluate the protein quality 
(Table 26). The protein quality calculations are summa
rized (Tables 27 and 28). The protein quality of the ex
truded products, as evaluated by CS and EAI, was very 
satisfactory and much higher than that of the raw mate
rials or the commercial products (Table 29).

As can be seen, the CS and EAI of BSEP and CSEP 
were significantly higher than those of the raw materials. 
Furthermore, they are close to the protein quality of meat 
and higher than that of milk as expressed by CS. They are 
significantly superior in protein quality when compared to 
the commercial products. It is recognized that this is 
not an ultimate evaluation, however, since the CS and EAI, 
as measurements of protein quality have certain limita
tions. They are based on amino acid analysis but do not 
consider the digestibility or bioavailability of these
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Table 26. Amino Acid Profile of Extruded Products.

BSEP CSEP
sample protein sample. protein 

Amino Acid    %---- ----------------

Lysine 1.76
Hystidine 1.02
Ammonia 0,80
Arginine 4.36
Aspartic 3.80
Threonine 1.35
Serine 1.84
Glutamic 6.98
Proline 1.35
Glycine 1.76
Alanine 1.60
Cysteine 0.40
Valine 1.93
Methionine 0.75
Isoleucine 1.58
Leucine 2.85
Tyrosine 1.13
Phenilaline 1.88

4.49 1.46 4.31
2.61 0.76 2.25
2.04 0.62 1.84

11.13 4.16 . 12.32
9.70 3.18 9.42
3.46 1.06 3.15
4.71 1.42 4.20

17.84 5.92 17.52
3.45 1.10 3.26
4.49 1.48 4.40
4.08 1.35 4.01
1.02 1.41 1.21
4.94 1.52 4.50
1.90 0.63 1.88
4.04 1.29 3.83
7.27 2.27 6.72
2.88 0.80 2.38
4.79 1.58 4.67
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Table 27. Protein Quality of BSEP.

Amino Acid

FAO/WHO (.1973) 
std. Protein 
g A.A./10Q g 
Protein

BSEP 
Protein 

g A.A./100 g % of std. 
Protein A.A Cone.

log
C% std)

Isoleucine 4.00 4.04 101 2
Leucine 7.04 7.27 103-2 2
Sulfur-A.A. ' 3.52 2.92 82.9 1.91855
Aromatic A.A. 6.08 7.67 126.1 2
Threonine 4.00 3.46 86.5 1.93702
Tryptophan. 0.96 **"" 2
Valine 4.96 4.94 99.6 1.99826
Lysine 5.44 4.49 82.5 1.91645

Z log = 15.77028
CS = 82.5 X log = 1.971285
EAI = 93.6 antilog = 93.6

J



Table 28. Protein Quality of CSEP.
83

Amino Acid

FAO/WHO (1973) 
std. Protein 
g A.A./100g 

Protein

CSEP 
Protein 

g A.A./100 g % of std. 
Protein A.A. Cone.

log 
(% std)

I s o l e u c i n e 4.00 3.83 95.75 1.98114
L e u c i n e 7.04" 6.72 95.45 1.9798
S u l f u r — A .  A . 3.52' 3.09 87.78 1.94342
A r o m a t i c a  A . A . 6.08 7.05 115.95 2
T h r e o n i n e 4.00 3.15 78.78 1.8963
T r y p t o p h a n 0.96 — — 2
L y s i n e 5.44 4.67 85.84 1.9337
V a l i n e 4.96 4.50 90.73 1.9577

Z l o g  = 15.69209
C S  = 78.8 X  l o g  = 1.96151
E A I  =91.5 a n t i l o g  = 91.5
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Table 29. A Summary of Protein Quality of Raw Materials, 

Extruded Products, and Other Foods.

Food Limiting Amino Acid C.S. EAI

SS lysine 52 91.44
ESM lysine 52.9 90; 49
SSM lysine 48 87.5
Pinto bean sulfur-A.A. 47 90.4
Chickpea sulfur-A.A. 57.9 89.47
BSEP lysine 82.5 93.6
CSEP threonine 78.8 91.52
CEIB* sulfur-A.A. 47 —  —

EFCS* lysine 55 —  —
Pasteurized

milk sulfur-A.A. 55 — > —

Egg* - - 100 ---

Beef meat* valine 80

*FAO, 1970.



nutrients. Biological studies should be conducted to 
determine PER, NPU, and digestibility for a more complete 
protein quality evaluation. Nevertheless, according to 
Bressani (Bressani et al. 1977), it is appropriate to as
sume. that extrusion treatment would render the protein 
(amino acids) available and digestible to a great extent.
He found that, of several treatments applied to cowpea- 
pinto bean mixtures, extrusion processing produced a food 
with the highest PER as determined in rat feeding experi
ments .

Even though BSEP protein quality is superior to 
that in normal beans, a possible controversy arises. In 
countries where corn is the staple cereal, there is a defi
ciency of lysine in the overall diet. Lysine in Phaseolus 
vulgaris counteracts this deficiency to some extent. It 
would be recommended then, that any nutritional improve
ment in this staple legume would increase the lysine con
tent (Bressani 1972). BSEP limiting amino acid is lysine 
with a CS of 82.5. Even if this is a high CS, refried 
beans in this work are a somewhat lysine-deficient food, 
instead of a rich source of lysine as are normal beans.

However, the significant increase in protein con
tent (from 23.46/o to 39.16%) in the prepared beans because 
of sesame meal addition should not be overlooked. Further
more, the economic advantage of utilizing a by-product
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(sesame meal) that is normally fed to livestock is 
significant. When the protein content in the overall diet 
is above the protein requirements, the protein quality is 
of lesser importance. As a result, to arrive to a valid 
conclusion, the overall positive and negative aspects of 
sesame meal use should be studied in greater detail.

Trypsin Inhibitor Activity
The trypsin inhibitor activity of the extruded 

products was determined and compared to that of the raw 
materials (Table 30 and Figure 5).

As can be seen, the extrusion process inactivated 
the trypsin inhibitor to a certain extent. The % inacti
vation was 98.48% for BSEP and 78.88% for CSEP. The 
extrusion: process.. iu this work inactivated a. higher per
centage of trypsin inhibitor than that reported by Bressani 
in a similar process (21 to 46%)(Bressani et al. 1978).
The CEIB showed a trypsin inhibitor activity of 0, probably 
because the heat treatment given to this product is more 
drastic. Since the EFCS is made from corn, no trypsin 
inhibition activity was determined on this. Corn has not 
been reported to contain such an anti-nutrient.

Specific Volume Determination
The specific volume of the beans:SSM (65:35) 

ground, raw mixture, of the extruded products (BSEP and



Table 30. Trypsin Inhibitor Activity of Raw Legumes and 
Extruded Products.

Sample AA/min I.U./g % inactivation

Raw Pinto Beans 0.0105 5.93 0
BSEP 0.168 0.09 98.48
CEIB . 0.171 0 100
Raw Chickpea 0.005 6.36 0
CSEP 0.127 1.47 76.88
blank 0.171 —  — *=» —
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CSEP), and that of the commercial products (CEIB and EFCS) 
is given (Table 31).

BSEP specific volume was more than 3 times greater 
than that of the beans :.SSM (65:35) raw, ground mixture.
This means that there was a significant expansion during 
extrusion. However, when BSEP was ground in a Waring 
blender (to approximately 2 mm particle size), the specific 
volume of the ground product was 1.33 ml/g, which is even 
lower than that of the raw mixture (1.82 ml/g). The cause 
of this difference probably was the' denaturation of pro
teins and the difference in mesh size of both ground mate
rials. CEIB specific volume (1.92) was closer to that of 
ground BSEP (1.33), than to the specific volume of intact 
BSEP (6.25).

It was not possible to determine the specific 
volume of chickpea:SSM (70:30) raw, ground mixture. How
ever, it can be assumed that this value was close to that 
determined for the beans:SSM (65:35) raw, ground mixture. 
Based on this assumption, CSEP specific volume would be 
2 times greater than that of the raw material (4.00 vs 
1.82 ml/g). CSEP specific volume was close to that of 
EFSC (4.00 ml/g vs 3.33 ml/g).

pH Determination
The pH of CSEP as. seasoned and prepared for the 

sensory evaluation was 6.1. The pH of EFCS was 5.5. It
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Table 31. Specific Volume of Beans: SSM (65:35) Ground,
Raw Mixture, of Extruded Products, and of 
Commercial Products.

Sample Specific. Volume (ml/g)

BSEP 6.25
CSEP . 4.00
EFSC 3.33
CEIB 1.92
Beans : SSM (65 :35) ground,.

raw mixture 1.82
Ground BSEP 1.33 .



seems that more lemon, a different kind of chili (with a 
lower pH), or any other acid used as a preservative were 
added to EFCS. However, the pH could also be influenced 
by the pH of the protein or of other constituents in the 
extruded material per se (corn vs chickpea:SSM).

Moisture of the Reconstituted 
Refried Beans

Reconstituted refried beans moisture content was 
71.9%. This means that approximately 2.5 g of water per 
gram of solids were gained during reconstitution of the 
product, or that the reconstituted product increased in 
weight 3.5 times above the dry material. This yield is 
typical in similar commercial products.

Sensory Evaluation

Refried Beans Preparation. When the ground BSEP 
was re-hydrated, a pronounced burnt odor and flavor could 
be perceived. However, this burnt odor and flavor de
creased significantly after storing the re-hydrated mixture 
at 4°C over the weekend, and it was further decreased by 
the masking effect of the seasonings. The burnt odor and 
flavor could be eliminated by more closely controlling the 
extrusion conditions. The re-hydrated mixture had a grey
ish color, which improved significantly with the addition 
of chili powder. Frying the mixture improved the overall
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flavor, odor, and texture. It was similar to other refried 
bean products.

CSEP Snack Preparation. The sorted CSEP were about 
3 cm long and 0.5 cm in diameter. Without the seasonings, 
they had a mild flavor and odor in which the individual 
constituents could be detected. They were golden yellow. 
Their texture was not as uniform as desired, but generally' 
they were dry and crunchy. The chili-salt-lemon juice pow
dered mixture adhered to CSEP to certain extent, however, 
a more elaborate method would be necessary to attain a com
pletely satisfactory adhesion.

Statistics of the Sensory Evaluation. Descriptive 
statistics for refried beans and for CSEP snack were cal
culated. Only one day of the evaluation was. considered for 
the descriptive statistics of CSEP snack.

a) Descriptive Statistics for Refried Beans. As can 
be seen (Table 32) the mean values of the sensory 
characteristics varied from 5.4 (odor) to 6.8 (tex
ture) . It is probable that some of the burnt odor 
and flavor was still present in the prepared beans 
and that it influenced the scores toward a low 
grade for these characteristics (5.4 and 5.7, re
spectively). Panelists liked the beans' texture 
and the mean value for this characteristic was 6.8.



Table.32. Descriptive Statistics of Refried Beans.

Characteristic Mean Median Maximum . Minimum Range Ql* q3**
Standard
Deviation

Color 6,0 5,9 7,9 1.6 6,3 5.2 7,6 2.2
Odor 5.4 5.4 9.2 1.0 8.2 4.0 6.8 2.3
Appearance 6.0 5.6 9.1 3.5 5.6 5.2 7.0 2.2
Texture 6.8 7,1 9.9 3,0 6.9 5.4 8.0 2,5
Taste 5.7 6.2 9.0 0.6 8.4. 4,8 6.9 2.6
Overall acceptability 6.1 6.0 8.9 1.2 7.7 5.5 7.2 2.4
FACT Score 5.6 5.8 8.5 3.0 5.5 4.5 6.5 2,2

*Ql = First Quartile» 
**^2 = Third Quartile.

voU>
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Appearance and color were given the mean value of
6.0. The overall acceptability had a mean value of
6.1. Since the characteristics of this product 
could be improved considerably by controlling ex
trusion conditions, this is considered to be a 
satisfactory score. The FACT score mean was 5.6 
which is very good if it is considered that this 
score ranges from 1 to 9.

The distribution of the evaluation for each 
sensory characteristics and for FACT, score are 
given (Table 32 and Figure 6). FACT score presents 
a nearly normal distribution, Most of the sensory 
characteristics presented some kind of skewness in 
their distribution. Odor was the only characteris
tic which presented a nearly normal distribution, 
which had a minimum of 1.0 and a maximum of 9.2. 
Color, texture, taste and overall acceptability 
presented distributions that were skewed toward the 
left. This means that most of the judges (75%) 
graded these refried beans characteristics within 
a higher range (from 4.8 to 9.9), and a.few of them 
(25%) graded such characteristics very low (from 
0.6 to 4.8). Appearance distribution, on the 
other hand, was skewed toward, the right. This is 
because 75%.of the judges graded this characteristic
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in a 3.5 to 7.00 range, and 25% of them graded it 
above 7.00, but below 9.1.

According to the above statements, there were 
judges that extremely disliked the product, those 
whose grading was around the median, and those that 
gave very high grades to the beans' characteristics. 
In conclusion, the judges grading varied from one 
characteristic to another, giving some clues on 
what should be taken into account when trying to 
improve this product.

b) Descriptive Statistics for CSEP Snack. The mean 
values for the sensory characteristics varied from 
5.9 (appearance) to 6.8 (odor)(Table 33). Since 
the chili-salt-lemon juice powdered mixture did 
not adhere properly to the CSEP, the color of the 
snack could be made more attractive as previously 
suggested. Besides, the size and shape of the CSEP 
snack was not familiar to the panelists. As a re
sult, the lowest grades were given to color and 
appearance (6.2 and 5.9). The comments made by the 
judges on these characteristics support the above 
statement. Texture and taste had a mean value of 
6.4 and 6.6, respectively. The highest grade was 
given to odor (6.8). This is understandable since 
the chili odor is familiar to and liked by the



Table’ 33. Descriptive Statistics of GSEP Snack.

Characteristic Mean Median Maximum Minimum Range V q3**
Standard
Deviation

Color 6.2 6.9 9.2 1,5 7.7 5.1 7.5 1.6
Odor 6.8 7.3 9.4 0.8 8.6 5.5 8.9 2.0
Appearance 5.9 6.4 9.0 1.6 7,4 4.3 7.4 1.6
Texture 6,4 7.4 9.1 1,2 7,9 4.7 8.3 2.0
Taste 6.6 7.6 9.9 0.6 9.3 4.5 8.6 2.1
Overall acceptability 6.5 6,9 9,6 0,9 8,7 4,9 8,5 1.9
FACT Score 5,8 6.0 8,0 2.5 . 5,5 5,0 ’ 6,5 1.5

*Q- = First Quartile.
**Qg = Third Quartile.



panelists and it was.the most strongly perceived 
odor. The overall acceptability mean was 6.5. 
Considering that the CSEP snack can be improved 
considerably by controlling the extrusion condi
tions and by finding a more efficient method for 
the adhesion of the chili-salt-lemon juice powdered 
mixture, this is considered to be a satisfactory 
rating under the conditions of this work. The FACT 
score mean value of 5.8 is also considered accept
able on a 1 to 9 scale.

The evaluation distribution of the sensory 
characteristics and of the FACT score are given 
(Table 33 and Figure 7). It is interesting to note 
that all the sensory characteristics and the FACT 
score distributions were skewed toward the left. 
This means that a few of the judges (25%) extremely 
disliked the CSEP snack and gave grades in approxi
mately a range of 0.6 to 4.3 for all characteris
tics and of 2.5 to 5.0 for the FACT score. In inost 
cases, this 25% was represented by the game per
sons. The other 75% of the panelists graded the 
CSEP snack characteristics within a range of 4.3 
to 9.9 and gave a FACT score within a range of 5.0 
to 8.0. Here again, it can be said that some 
judges disliked this product extremely, others
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graded it around the median, and the rest liked it 
very much.1

An intraclass correlation from.an analysis of 
variance was estimated on both products in order to 
evaluate the reliability of the judges and to see 
how their evaluations changed from one day to an
other in the case of the CSEP snack. The intra- 
class correlation for one day evaluation by the 
same judge was calculated for refried beans and 
CSEP snack. Intraclass correlation for the eval
uation of the same judge in any of two different 
days was evaluated for CSEP snack,

c) Intraclass Correlation of Refried Beans. The
intraclass correlation (one day) for each of the 
sensory characteristics and for the FACT score is 
given (Table 34).

Most of the differences in the evaluation of 
the two identical samples comes from the inexperi
ence of the judges. Since all the ingredients were 
mixed thoroughly, and the samples were taken from 
the same container, it is improbable that this dif
ference is due to a non homogeneous product. It is 
interesting to note that the highest correlation 
was for texture (0.901) and that this characteris
tic had the highest mean hedonic value (6.8)
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Table 34. Intraclass Correlation of Refried Beans.

Characteristic one day

Color 0.80
Odor 0.786
Appearance 0.720
Texture 0.901
Taste 0.690
Overall Acceptability 0.811
FACT Score 0.387
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(Table 32) . It seems that the judges, liked the 
texture and were certain about their evaluation.
On the other hand, they were not as constant when 
evaluating characteristics that they perceived as 
being less satisfactory. The correlation was very 
low for the FACT score. This is probably due to 
the way in which the evaluation is presented to 
the judge in this method. It seems to be even 
more difficult to be constant in an evaluation that 
implies an action decision,

d) Intraclass Correlation of CSEP Snack. The intra-
X

class correlation for one day evaluation by one 
judge, and the evaluation of the same judge on any 
of two days is given (Table 35).

It is interesting to note that the correlation 
for the evaluation of one day was higher than that 
found in the refried beans. This is contrary to 
what was expected, considering that the CSEP snack 
samples were somewhat less homogeneous than the 
refried bean samples. The intraclass correlation 
for. one day evaluation was higher than that for the 
intraclass correlation for two days evaluation.
This means that the judges did change slightly on 
their grading decisions from one day to another. 
However, the two days evaluation intraclass
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Table 35. Intraelass Correlation of CSEP Snack.

Characteristic
i

same day any day

Color 0.938 0.866
Odor 0.920 0.790
Appearance 0.920 (5.875
Texture 0.846 0.646
Taste 0.803 0.601
Overall Acceptability 0.896 0.711
FACT Score 0.677 0.178
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correlation was still very good. In this 
analysis, the lowest correlations (for one day or 
two days evaluation) were found in those charac
teristics which were least homogeneous, namely, 
texture and taste. Texture was not homogeneous 
because of the previously described extrusion con
ditions and taste was not homogeneous because of 
the chili-salt-lemon juice powdered mixture dis
tribution. However, most of the difference in the 
evaluation probably came from the inexperience of 
the judges.

The FACT score correlation for one day evalua
tion was much higher in CSEP snack than in the re
fried beans (0.677 vs 0.387). Nevertheless, it was 
found that the FACT score correlated the least when 
compared to the sensory characteristics. The in
traclass correlation for the two days evaluation 
was very low for the FACT score (0.178). The low 
correlation for FACT score is probably due to the 
method itself as was discussed in the previous, sec
tion.

Preparation of the Deep-Fried 
Beans:SSM Product

The prepared DFBS (with or without baking powder)
had a bread-like appearance and a spiced, beany odor and
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flavor. They were found to be acceptable and pleasant by 
an informal panel of trained observers. The DFBS with bak
ing powder had an increased volume and softer consistency, 
making them more acceptable than those without that ingre
dient. Nevertheless when African students tasted the DFBS, 
they found those without baking powder more authentic (sim
ilar to their cowpea deep-fried food) and preferred them 
over DFBS without the additive. . Other methods of producing 
increased dough volume are available which could supplant 
baking powder use.

Analysis of DFBS

Proximate Composition
Only fat and moisture content were determined.

Since DFBS were prepared with the same bean:SSM (65:35) 
powdered mixture used for BSEP, the other constituents' 
concentrations were calculated from the analysis made on 
BSEP. The proximate analysis of DFBS (with or without 
baking powder) is given (Table 36).

The moisture content of the DFBS was 27.46% and 
29.45% for the DFBS without baking powder and DFBS with 
this ingredient, respectively. The DFBS not only, in
creased in volume with the use of baking powder, but it 
also increased slightly in moisture content.



Table 36. Proximate Composition of DFBS.
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DFBS with DFBS without
baking powder baking powder

Component  ;----% by weight---- ----- —

Water 27.46 29.45
Carbohydrates 25.30 20.80
Protein 24.71 20.33
Fat i. 13.99 22.40
Fiber 4.72 3.88
Ash 3.82 3.14
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The same observation can be made when looking at 

the fat content of both DFBS products . DFBS without baking 
powder had a fat content of 13.99%,. while DFBS that con
tained this additive had a fat content of 22.4%.

As a result, the protein content of DFBS without 
baking powder is higher (24.71%) than that of the DFBS with 
this ingredient (20.33%).

The fiber, ash, and carbohydrate contents of DFBS 
without baking powder (4.72%, 3.82%, and 25.3%) were also 
higher than the corresponding values of the other DFBS 
product (3.88%, 3.14%, and 20.80%).

Both DFBS were higher in protein and lower in fat 
than a soybean-onion deep-fried product, and an "Akara" 
(cowpea deep-fried food), product reported in the literature.. 
The fat content of these products is 28.3% for the soybean 
product and 24.5% for the "Akara" food. The corresponding 
protein contents are 11.7% and 18.8%, respectively (Collins 
and Sanders 1973; McWatters and Flora 1980).

In conclusion, DFBS appears to be nutritionally 
superior to other previously reported deep-fried foods.

Trypsin Inhibitor Activity'
The trypsin inhibitor activity was determined for 

both DFBS products (Table 37).
As can be seen, the trypsin inhibitor was more ef

ficiently denatured in the DFBS without baking powder
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Table 37. Trypsin Inhibitor Activity of DFBS.

Sample DA/min I.V./g % inactivation

Raw Pinto beans* 0.0105 5.93 0
blank* 0.171 «= -=

DFBS; without baking
powder 0.170 0.322 94.57

DFBS with baking
powder 0.164 0.568 90.42

blank 0.178

*From Table 30.
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(94.57%) than in the DFBS that contained this ingredient 
(90.42%). It appears that the volume and moisture increase 
of the latter somehow protected this anti-nutrient.

The trypsin inhibitor was inactivated to a much 
greater extent in the DFBS products than in the soybean- 
onion deep-fried product (94.57% and 90.42% vs 36.7%). 
However, some of the difference in this case could be at
tributed to a different extraction method (Collins and 
Sanders 1973).



CONCLUSIONS

Since sesame meal in this work was from 
decorticated seed, no bitterness was detected. Another 
problem that was avoided by using this kind, of meal was 
a tendency for a too high fiber content. The sesame meal 
was incorporated into human food products without needing 
any previous treatment.

The proximate composition determined for the 
legumes, sesame seed, and sesame meal was typical of 
these materials. The legumes' amino acid profile was 
complementary to that of sesame seed and sesame meal.
This, aspect of the raw materials was expected from the 
literature review and supported the objectives of this 
work.

Preliminary trials gave clues on the developing 
of legumes:sesame meal products. The extruded products 
analysis was satisfactory. Considering the existent 
protein deficiency in developing countries, the proximate 
composition of the extruded products was superior to that 
of similar commercial products. Extruded products' 
protein quality, determined as CS and EAI, was signi
ficantly superior to that of the raw materials and to that

110
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of similar commercial products. It was close to beef 
protein quality and superior to pasteurized milk protein 
quality. However, when comparing the extruded products 
protein quality with animal protein quality, factors such 
as digestibility and amino acids availability should be 
considered. Otherwise, non-valid conclusions could result 
from this comparison.

On one hand, BSEP lysine deficiency may raise a 
question about the food's use in countries with a lysine 
deficient population (corn-consuming countries). On the 
other hand, however, the higher protein content in BSEP 
and certain possible economic advantages of SSM utiliza
tion should be considered to adequately evaluate this 
food's complete potential.

Although trypsin inhibitor activity was not 
totally eliminated by the extrusion process, it decreased 
to a significant extent (98.48% in BSEP and 76.88% in 
CSEP). Since the attained trypsin inhibitor inactivation 
in this work was above that of other reported extruded 
products (Bressani, et al,, 1978), these products could 
be considered nutritionally suitable from this standpoint.

Physical and chemical characteristics of the 
extruded products (pH and specific volume) were comparable
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to those of similar commercial products. Reconstituted 
refried beans moisture content revealed that BSEP yield 
was similar to the corresponding commercial product.

' Sensory evaluation of the extruded products gave 
some suggestions on what factors should be considered when 
trying to improve these foods. According.to this, BSEP 
extrusion conditions should be controlled to avoid a burnt 
odor and flavor in the reconstituted product. The 
addition of brown coloring would probably further improve 
the color and appearance of the food product. In order to 
obtain a uniform product, CSEP extrusion conditions should 
also be more closely controlled. A constant, crunchy 
texture would be preferred. A more efficient method for 
the chili-salt lemon juice powdered mixture incorporation 
should be developed. This would improve the taste and 
appearance of CSEP snack. . Considering all the. improve
ments that could easily be made on these products, the 
mean values of the overall acceptability (6.05 for refried 
beans and 6.4 for CSEP snack) were considered to be very 
satisfactory.

DFBS production was simple and successful. These 
deep-fried products were found to be unique and appealing 
by an informal panel of trained observers. African 
students related DFBS to their familiar cowpea deep-fried



food product, and they preferred the product without 
baking powder. They preferred DFBS without baking powder 
over that with this ingredient, because it seemed more 
authentic to them (similar to their cowpea deep-fried 
product). On the other hand, non-African people preferred 
the DFBS with baking powder. The use of baking powder or 
other dough volume-increasing methods should be considered 
depending on the consumer population. Analysis of DFBS 
gave a proximate composition that was nutritionally 
superior to other deep-fried legximes-based products, if 
protein content is considered an important factor.
Trypsin inhibitor activity decreased to a large extent 
(above 90%) in both DFBS products. This anti-nutrient was 
more efficiently inactivated than in a reported soybean- 
based fried product (Collins and Sanders, 1973). As a 
result, DFBS could be considered nutritionally suitable.

In conclusion, nutritionally suitable, food 
products that were acceptable to a group of panelists 
were developed from blends of legumes and sesame meal.
The technology employed was simple and economic. It is 
expected that further improvements which could easily be 
made on these foods, would significantly improve their 
physical properties and sensory acceptability.



Similar food products prepared by comparatively 
simple technology using vegetable sources should be 
promoted by the food industry in developing countries. 
This could be expected to improve food protein quality 
and, at the same time, to benefit farm product producers 
and commercial interests in those countries.
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