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Hippocratesmaintained that the medical art was but

]
a refinement of the art of good nourishment.

b R.E. Hughes.
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ABSTRACT

A comprehensive review of the origin of Cprea)

(Vigna unguiculata) its place in the diet of the people

of West Africa and in particular Nigeria, its nutritive
value and the inherent anti-nutritional factors, together

with the biological mechanisms affecting protein

Y L

digestion is, givel L
-~ 1 —d e e

~mp—

The search revealed that there are about 39
varieties of- cowpea in circulation within -Wé‘-.st- Africa,
of which 4 (with average protein content of;26.7 per cent)
are major in the dieﬁ of the people. These.are either
eaten whole with Gari (fermented manioc), dodo (fried §
. .

plantain}, rice, ; . made into stew, or paste and then

either fried into Akara balls or steamed ihto moin-moin

cakes.

A scientific a?proach to the culinary preparation
of these dishes was undertaken, and the effect of these
processes on the inherent anti-nutritional factors
(polyphenols, trypsin inhibitor and lectins) and on
protein digestibil%ty was studied.biochemically.

A method suitable for the extraction of cowpea

~
polyphenols was developed. The polyphencl contents of

the cowpea extracts (raw and processed) were determined

using Folin-Denis redox method for the hydrolysable
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tannins and the improved Vanillin-hydrochloric acid
method of Price et al., (1978) for the condensed tannins.

These are expressed as tannic acid equivalent and

catechin eguivalent respectively.

Results show that the catechin eguivalents were

higher than the tannic acid equivalent values in the raw

',1

cowpea; this correlates with the intensity of pigmentation.
Processing however, reduced the extractable polyphenols
expressed either as tannic acid equivalent or as catechin

equivalent. The greater reductions in value being in the

catechin equivalent, indicating that these are either

structurally modified, chemically unassayable or bound in

a covalent manner to the cowpea macromolecules. The use

of immobilised protein in affinity chromatography
technigue revealed that between 72 and 97 per cent of the

extractable polyphenols are protein-binding, cooking

reduces this to between 9 and 42 per cent, depending on

the variety. '
I!
Trypsin inhibitory activity was determined using
improved Kakade et al., (1974) procedure. ?r0cessing

(pre soaking of beans, removal of testa and heat treatment

caused reduction in inhibitory levels. A strong

0.875} Qg;we?n catechin equivalent leve
-y

correlation (r =

and trypsin inhibitory unitpwas obtained indicating that

. 4
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]
|
1
}
!

1

!
{
i



the condensed tannins are partly responsible for the
lower digestibility of tannin protein complexes or

proteolytic enzyme inhibition by tannins.

A weak negative correlation (r = - 0.543)
between T.I;U. and cc?pea protein hydrolysis using
multienzymes technique was also obtained, indicating
that the polyphenol content is well correlated withrthe

diminished digestibility of the cowpea protein.

In vivo feeding trials ('food approach') reveals

]

differences in apparent digestibility of cowpea meal
witﬁ'varying nitrOgentcontent, indicating that the
apparent digestibility of food is dependent on the
protein concentration in the particular meal. Average

gut transit time for a bean meal is in the neighbourhood

of 25.9 % 4.2 hrs.

It is suggested ihat in order to get the best
nutritional value out of beanszktestae are to be removed
preferably by dry thréshing and winnowing prior to
cooking into dishes requiring removal of testae. But
because people haﬁe s%rong colour preference in beans
eaten whole or made ihto stew, it is recommended that

the beans be soaked in water for about % hr and the

soaking water discarded prior to boiling in water.
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Agriculture is the basis upon which

civilization is built, and the right
, i

production, distribution, and use of

food is the basis for world health,




INTRODUCT ION

Of all plants usgd by man, only the grésses are
. . N _ :

more important than the legumes; )ﬁowever, while enormous
resources have been expended in recent decaées on grasses
like rice, wheat, corn, sorghum and barley,'among the
legumes, only soybeané and peanut (groundnués) have
received much attention. Yet it is the family Leguminosae
that shows most promise for producing the véstly increased
supplies of vegetableAprotein that the world will need in

the near future. In developing countries eépecially’

cultivation of legumes is the best and quCkeSt way to

‘augment the production of food proteins. Aykroyd & DoughtY

u(1964)*

Leguminous plants are found throughout.the world,
but the greatest variety grows in the tropics and sub-
tropics. With approxlmately 650 genera, and 18,000
species, Legumlnosae is the third largest famlly of

flowering plants (afﬁer Compositae and Orchidaceae).

Legume seeds (also called beans, grain legumes, or

pulses) are second only to cereals as a source of human

and animal food. Nutritionally, they are 2-3 times

richer in protein than cereal grains.

Before the potato was introduced, beans constituted

k .t
much of the diet of the poorer classes of Europe ('poox

man's meat'), a designation of interest and importance

'
!




from historiéal and other standpoints. In th% first

place, it implies a meat substitute. A fact that is older

than the discovery that legumes have a high p;otein content

_suggest that this nutr%tional characteristic yas dimly

realised before the demonstration by chemicay analysis. 1In

line with this suggestion, is the recommendaﬁion of legumes

by the Chﬁrch'in Medieval times as suitable food,during the
Yot

Lenten fast, ﬁhen little or no meat was eaten.hwfoday, they

remain as major foods in Latin America (especially

Phaseolus vulgaris) on the Indian sub continent (Lentils -

Lens esculenta:; pigeon peas Cajanus cajan; . and chick peas

Cicer arietinum; Far East (soybean Glycine max) and in

West Africa especially Nigeria, (Cowpea, Vigna ungquiculata).

Legumes are natu;gl protein supplements for cereal
or cassava-based dietf (although, the protein quality
suffers from a deficiency of sulphur amino écids) but with
proper combination oﬁlfood legumes with various cereals,

protein nutritive value could be raised to that of animal

protein (Bressani and Elias, 1974).

Against this background, however, is the revelation
} I

that lequme grains contain trypsin inhibitors (Read and

Haas 1938, Bowman 1944, Ham and Sandstedt, 1944, Kunitz,
|‘ .

1945 and 1946, Rackis, 1965). Haemagglutinins (Liener,

1962) growth inhibitors (Weaver, 1955, Borchers, 1965)

) i




and flatus factors (Steggerda and Dimmick, 1966,
Kakade and Borchers, 1967, Rackis, 1974) which if not
removed, inactivated or destroyed will have undedirable

effects on the nutritive value of the food and may even

!
result in toxic reactions.

A perhaps more important undesirable effect on

nutritive value of legume proteins is the unavailability
of many of théir essential amino acids, even when they are
cooked to the point at which all the known toxic:factors

have been destroyed; evidence indicates that ﬁany of the

essential amino acids are not available for growth. i

This suggests the presence of other anti-nutritive

factors. (Licner, 1977)

ar —




CHAPTER 1

A review of the current knowledge on cowpea,
Nigerian foods and food habits, anti-nutritive ﬁactors
in grain legumes, factors affecting protein digestion,

and aims of the present study.

What little we know, what little power we 'possess,
we owe to the accumulated endeavours of our ancestors.
Mere gratefulness would already oblige us to s%udy the
history of the endeavoufs, our most precious héirlooms.
But we are not to remai? idle spectators. It:is not
enough to appreciate and admire what our anceétors did,
we must take up their bést tradition, and thaﬁ implies

expert knowledge and craftsmanship, science and practice.

George Sarton




LITERATURE REVIEW

1.10 Origin and Production of the Cowpea

g
The cowpea is one of the oldest of EEE%P.fOOd
‘ prt
sources and has probably been used as a crop since
i
Neolithic times (Chevalier, 1944). Due to lack of
archaeological evidence the centre of origip of cowpea
is uncertain and has been variously reported as possibly

Asia, Africa, Persia, or even South Americal (Summerfield

1., 1974). However, Faris, (1965), concluded that

st

the progenitor was wild Vigna unquiculata, brobably sub-

species dekindtiana, of the African savanna zone, since
no other species of Vigna produces fertile progeny when

crossed with cultivars. Steele (Summerfield et al., 1974)

in agreement with Saﬁer, (1952) proposed a'sélely Ethiopian
Centre of origin and, suggested that cowpea were inter-
planted there with sbrghum and perhaps, pe?ri millet,
subsequently to evolve predominantly in the ancient
cereal farming systems of the Savanna zone:of Africa.
Others consider the cowpea to be of Asiatic origin.
Burkill nevertheless, concluded, that althéugh of
contraversial origiﬁ, the cowpea was introﬁuced into

1

Europe early enough for the Greeks and Romans to grow

it under the names of Phaseolos, Phaseolus, Or Phaselus,

vavilov {1950), partly agreed with Wright, (1%07), in




respect of Asiatic origin and considered'Chiéa and
Abyssinia, new Ethiopia, as secondary source ' of origin,
There is every possibility that the crop could have
been carried along the coastal and Indian tréde routes,
though at present it is impossible to be cerﬁain whether
migration started in Africa, Asia or both. What is
certain is that the cOwpea was not introduceg into the
New World until the late seventeenth centurg énd
probably reached the Southern States of the;U.S.A. in
the early eighteenth bentury (Wright, 1970); There it
is known as the black‘eyed pea, aléhough thé cultivated

cowpeas were known in Sanskritic times (Watk, 1908).

Cowpeas are grown extensively throughoﬁt the lowland

tropics of Africa in a broad belt along the Southern

fringe of the Sahara and in eastern Africa from Ethiopia
to South Africa. They are mainly confinedfto the hot
semi-arid to sub-humid areas with signific;nt production
in Nigeria (which alone produces about 61_§er cent of
the world crop):; Niger, Upper Volta, Uganda and

Senegal (Rachie and Roberts, 1974). A fac%or which

} determines the dist#ibution of many cowpeafvarieties is

| the relationship between (a) the periodicity and degree

of humidity and (b) the incidence of diseése. They are

extensively grown in India, South EasternAsia, Australia,
the Caribbean, lowland and coastal areas éf South and ;

i
|




D

Central America, and in the Southern regions 6f the
. |

9D ;
United States. Because of the habit of the plant, and
prolonged period of pod production of many local
varieties, the cowPea 1s more suited to sub51stence,

rather than commercial_farming.c?

In Nigeria,-cowpeq is the most important1indigenous
grain legume and is found in most areas nqrtﬁ of the
confluence of the Rivers Niger and Benue. Ihformed
opinionshestimate that'over 80 per cent of tﬂe total

cowpeas produced in Nigeria are grownlnorth df'latitude

—

* ¥

10 °N where they are traditionally 1nterplanted with other
crops., 1t is an 1mportant item in the diet of West
Africans (thirty-nine varieties are in use) as it is a
rich source of plant protein (about 24%). It is eaten
in various ways, elther alone or mixed with malze, rice

dodo (fried plantaln) or gari. Beans flour 1s made

into fried ('Akara' —:Qoruba) or steamed cakes -

('Moin-moin' -~ Yoruba). It is in reCOgnitioh of this
importance as a good source of protein that;the Food and
Agriculture Organisation (FAO 1966) recommended that

efforts be devoted to increasing cowpea consumption.
3 :
The classification and nomenclature of cowpeas are

l. .
confused. An extensive review on this topic is produced

i .
by Sellschop, (1962) and Summerfield et al., (1974).

——— ——




The correct name for the cultivated cowpea is ﬁigna

unguiculata (L.) Walp.

Seeds vary considerably in size, shape ané colour,
overall, they are 2-12 mm long and weigh 5-30 g/100 seeds.
Their shape is correlated with that of the pod; Where
the individual seeds are separated:from adjaceﬁt ones
during development, they become kidney shaped,;but as
crowding within the pod increases the seeds begome
globular and are called "crowders” in the USA. The testa
may be smooth or.wrinkleé and white, green, bugf, red,
brown black and variouslf speckled, mottled, blotched
or eyed (hilum white surrounded by a dark ring) in
colour Saunders (1959 and 1960). Some varietiés have
probably resulted from natural hybridization, However
seldom that they may have taken place, while oihers are

the results of incidental selections and, more recently,

the contributions from planned breeding projects.

|
1.11 Nutritional Value and Acceptability of Conea

The cowpea forms a major component in'mang African
) o
diets, not only on the basis of its high protein content,
but also for calcium (90 mg/100g), iron (6-7 mg/IOOg:
nicotinic acid (2.0 mg/l00g): vitamin A& (20 I.U.), and
thiamine (0.9 mg/100g) (Platt, 1962). While Ogunmodede

and Oyenuga (1969 and 1970) working with different




;
varieties (black eye; Dblue eye: and 'brown tyée')

of locally grown cowpea, came out with the meaﬁ values
for thiamine: 0.85 mg/losg: 0.584 mg/100g; 1.3 mg/100g,
respectively. Mean valueé for riboflavin content are as
follows: 0,144; 0.173; and 0.295 mg/100g resgectively.
Niacin content; 1.10; 1.17; 1.42 mg/l00g respectively.
Vitamin Bg activity are 0,344; 6.292, and 0.405 mg/100g
respectively. Biotin content are 18.4; 25.2: and 21.2
ug/l00g respectively. Paﬁtothenic acid content as 2.0;
2.18; and 1.82 mg/l00g respectively. Folic acid content

as 0.16; 0.15; and 0.16 mg/100g respectively.

The seeds of the cowgea are poor in oil ontent,
yield is about 1 per cent, but chemically it was found
to contain linolenic acid Z.l per cent; lincleic acid
37.2 per cent:; oOleic acid.37.8 per cent and satﬁrated
fatty acids 17.9 per cent fChcwduri and Bagchi, 1957);
Stigmasterol (C29H480), 0.625 per cent (Chakraverti
et al.,, 1956); Phytin 53.92 per cent Sundararajan;

1938); Carbohydrate 56-57 per cent (Johnson and Raymond,

l1964).

Nigam and Giri, (1961) fractionated the sugars of
cowpea and found out that it contains sucrose 1.5 g/100g;
raffinose 0.4 g/100g; stachyose 2.0 g/100g; and

verbascose 3.1 g/l00g. Swaminathan (1937-38) found the

. P ——
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total nitrogen in the sample he analysed to be 4.1 per
cent of which 8.8 per cent was non-protein nitrogen.

Fibre and ash content are 3.9 and 3.6 per cent respectively.

In cereal based diets the lysine contentldf cowpea 1s
very important and becomes more so as the proﬁortion of
the total protein in the diet derived from ceLeals increases
(Dema, 1963). The relatively high levels of dietary lysine
in South Western Nigeria are attributed to the greater
use of cowpea by the Yorubas - (Anqegers,_lQ?%). It is
believed thét beans parficularly cowpeas SOmeﬁimes
éontribute as much as 60 per cent or more of Lhe total
protein intake for the‘families living'in'man§ areas of
Western Nigeria -(Fennell, 1963). 1In root anditgber diets
of the humid tropics of Africa, cowpeas are important
both as source of calories especially where there is much |
reliance on manual labour for all typés of work

(Lucas, 1968); and a relatively cheap source of protein,

where the staple foods contain only about 2 per cent
protein. Although the percentage protein in cowpea seeds
is high, varying between 19 per cent and 26 pér cent
(Russell, 1946), like other legumes the seedsiare
deficient in the sulphur amino acids:(methidn%ne and
cystine (Sallschop, 1962;¥-;arvey, 1970) . In'a survey

of the amino acid profile of six Nigerian cultivars and

the wild subspecies dekindtiana, methionine was found to
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vary from 0.35 to 0,90 per cent of the totalrprotein in

the cultivars, but it was 1.47 per cent in the wild
cdeea. Ccystine ranged from 0.38 to 0.90 per cent in
cultivars, though a value of 2.0 per cent has been

reported (Evans awd Bandemer, 1967).

To upgrade the sulphur amino acid limiting in legumes,

-

- oy
Boulter et al., (1973) have suggested manipulating the ’/

relative ratio of storage proteins in legumes with
different sulphur amino acid content. Identical situation
in maize is illustrated by the high lysine varieties

such as opague 2.

Although, seed colour and size are impo#tant
(Ojomo, 1968)1 |
determinants of consumer preferehce,1there i%'no evidence
|

that variation in these characters is associated with "

; -ﬁariation in their nutritive value. Prefere$ce within
i

varieties is due primarily to local adaptati%n andl
taste. In Maiduguri for instance, only threé main
varieties are commonly available; whereas iﬁ'Aécra

and Ibadan, twenty-two and fifteen varieties;respectively
are available in the market,Dovlo gg_ﬂ;.; (1976). The
choice of the variety to be used for a particular dish

is very important. Taste, swelling capacity. and quick

cooking are the most important characteristics for cowpea




that are to be used in plain cooking (Ojomo, %968).
When cooking cowpeas with rice, colour is alsg
important and a red or golden brown variety tgat does
not "bleed" its colour is most preferred. Thé red or
) brown varieties are also the most popular forastews
e% because they usually exhibit binding qualitiés‘rather
than “grainy" characteristics Dovlo et al., (1976).
Varieties that are used for processing should ﬁave
different physical and éhemical properties. Binding
gquality, short soaking £ime, ease of dehulling; fast
grinding ability, foaming éapacity, fine textufe,‘
finished appearance of the paste, and flavour are

judged most important qualities, The most poPuiar
. |

!,
E@ varieties amongst the Yorubas - Lagos State; Ogun

State, Oyo State and Ondo State (the highest,c&nsumer

of cowpea in the country as borne out by questionnaire
returns:-~ (Appendix II) are Ibadan Brown and Iﬁe Brown
variéties for plain cooking and Frejon. Ibad#niwhite,

or black-eyed, Igbirra, and Mala varieties for brocessing
into Akara balls and Moyin Moyin, whilst Ewa Ib;ji
variety is for fetish ceremonies, An early accéunt of

éé the place of cowpea in the dietary life of West;Africans

is given by Dalziel (1937). 1
|
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The most comprehensive review_éﬁ_legume cons umption
in Africa was unde;taken for the Bukavic Techniéal
Meeting on legumes in Agriculture and Human Nutéition
: (FAO archives of meeting) "i° Qas reported by Afquyd

and Doughty (1964). The results compiled from 97 surveys

in 50 areas from 13 countries in Africa showed azwide
range of legume consumptionlso per cent of the
respondents eat between 10-50 grammes of cowpea per head
per day; 23 per cent of the respondents gat between

50-150 grammes of cowpea pér head per day,lwhilsﬁ 2 per

cent of the respondents eat over 150 grammes of cowpea

per head per day and only 25 per cent of the respondents'

:aat between nothlng and 10 grammes of cowpea per head

per day. Almost identical pattern of consumption was

recorded in the studies carried out by Williams, (1974)
- :

in :. Nigerijan household. As an article of diet, fhe‘

people recognise the disadvantages incidental to beans
in general, uncertain of digestion and degree of absorption.

Hqusa folk-sayings or nicknames refer to the unsatisfactory .

éﬁ properties of the beans in the field, in the pot and in the

+
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f‘ stomach, Dalziel, (1937). The Yorubas too have a slogan

which recognises its unsatisfactory properties and

thereby crack jokes that beans is not what one takes

for supper (Ewa ki nse onje ajesun). Mothers in West

Africa are reluctant to feed cowpeas to their children

for fear of causing indigestion Dovlo et al., (1976).

1.12 Dietary and Culinary Practices

The basic psychology of nutrition admﬁts that what

people eat depends on what they can get and what they

r
A

choose and that the feeding customs which have become

established through centuries of trial and error have

developed as part of the people's reaction to the total

environment in which they have learned to survive. The
>
choice of food sometimes causes individuals and people to

suffer from malnutritibn. Ignorance of the type of food

i

to be eaten contributes to unwise choice in many cases.

Africans are omnivorous, Some eat snakeS and snails,

others do not; some eat crabs,

lobsters, turtle, oysters

and shrimps, others do not. Lizard, crocodile and
alligators are to some a horror, while to others they are

delicacies. Locusts and some species of caterpillars,

are in some areas highly prized. In dry seasons if locusts

prevail, men, women and children give up their day's

undertaking to collect them.

—— ——

T

————
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Nigeria is basically an agricultural nation, with
more than 80 per cent oﬁzthe population living:in the
rural areas. A typicaleigerian diet in spite of
regional and state differences and variations in available
foodstuffs is known to be high in carbohydrates, low in

animal proteins but reputably high in plant protein

(Palmer, 1972) and adeguate in fat. !

Most African foods do not cook long. Fufu takes
about half hour to serve, and most artistdcratic
meal - jollof rice cooks for two hours. Unless other
materials such as beans;and peas are dried, they cook
within an hour. Africa&ssteam rice as the Chihese do,
not liking it when it is gummy. But nowadays parboiled
polished rice abound in the market and afe prefefred to
the local grains because of its cheaper cost, booking
quality, apeal and taste. In general Nigeriabs cook
fresh meat, fish (although scarcity in the recént past

_Q%?; led to the introduction of frozen, imported meat

and fish, nicknamed ‘Muritala’ and 'Oku-Eko'’ respectively)

and anything else until it is just tender enough to leave

LK

something chewable for ﬁhe good of the teeth. Because

of this and for the reason that most of the fobd materials
X

were usually fresh, Africans did not need many dentists, \,ufﬁ

but the introduction of convenient foods and increase -~

w .
,\\\' [N
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. {
dependence on imported frozen-perishable food materials, and

«MJsugary foods, the incidence of dental caries is on the

T
g

‘wives of the same husband and by other women jof the same

upward trend. Flavouring and spicing make food appetizing
and flagrant. The onions are basic in frying tasty foods
and vegetable oil (Palmbil, groundnut oil, "Egusi - Yoruba
o

(melon seed) oil; Sheabutter, coconut oil) takes the
place of lard. Whether we roast, boil, broil, stew or
bake, the custom is to cook and serve many inéreéient's

in two or three vessels. Women cook in the courtyard, or
nowadays either in a kitchen separate from the house or in

modern well planned 20th century kitchen with gas/electric

cookers. 1In the villages, the kitchen is often shared by

social group. Cooking is done in clay pots, |set on three

stone fire-stands (cooking supports for potsf over a fire.

Fuel is a problem, usually firewood is used But this is

now becoming scarce;. étalks of corn are‘useé when available.
i :

Some people use dried animal dung that could be better used

for fertilizer, |
In the urban centres where there are 20th century

kitchens, cooking with domestic cooking gas kbutane) is in

vogue. Instead of clay pots the modern housewives use .
enamel or aluminium pots. One striking difference one !
S |

notices is that meals prepared in the traditional way - i.e.
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s cooked in clay pots on open firewood ‘oven“‘taste . ,i,:%

better than those prepared in aluminium or enhamel pots& P

on gas stoves. (Personal experience and group , ‘'
. \|,€ )

discussion feedbacks). In both cases, stews are made to."

e B | P

last for up to 3 days and where there is no means of ¢

refrzgeratlon, the stew is warmed daily to prevent
H“"-\.“L’

gpoilage. This may have adverse effect both on the nutrlents‘ '

‘-)'rl
4

and vitamins. In homes where there are refrigeration

¥ systems, aed awareness of basic nutrition, housewives
have ;@;;ﬁﬁi%i:into aliguoting the stew into;portions for
each day's consumption. These ate refrigereted and enly
the day's need is taken out, thawed, and watmed for the

B
,f
|
|
f

table, thereby ensuring the preservation of the nutrients.

{ 3
The nutritive importance of proteins and the C

1.13 pPlant Proteins:. Merit and Demerit

dependence of animals on plants for these substancee were ’

first pointed out by Mulder around 1840. He pointed out tﬁat

e

"in both plants and animals a substance is,contained which is

produced within the‘former, and 1mparted through their food
to the latter. It is unguestionably the most important of
all known substances in the organic kingdopf Without it,

no life appears possible on this plenet. #hrough its means

the chief phenomena of life are produced";
t

-

A few years later Boussingault (l946f indicated thatj

| ?
| |
i
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b

the alimentary virtues of plants reside abofe all in the
nitrogenous substance which they produce. Furthermore
he asserted that their nutritive quality is‘proportiénal
to the quantity of nitrogen entering into tﬂeir

composition.

For years, there was great controversyfover the

[
nutritional equality of plant and animal proteins.
Matters however came to a head when Rubner (1897)
recognised that proteins from different sources vary in
their amino acid compﬁsition. This was to be further
confirmed by Osborne (1907) in his monograph on 'The
protein of Wheat kernel'’, wherein he concluded that the
lysine content of wheat giuten is small when compared

’ I

to that of leguminous seed. He went further to assert
that histidine level in wheét gluten was alﬂost the same
as for other seed proteins. These differen%es have since
been confirmed by later investigators. Fro@ the ongoing
it became clear that all the amino agids necessary for
animal nutrition are contained in plant proteins, neverthe-

less, certain of these amino acids are however present in

such limited amounts as to restrict the extent to which the

i
~

ones which are more abundant can be utilised. It is for
this reason that these plant proteins are of relatively

low bioclogical wvalue unless supplemented.
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1.14 Legume Seed Protein

18~

|
protein present in the seed may be broadly

described as metabolic and structural or storage protein.
Metabolic protein tend to be present in rela%ively small
quantities of a very large number of different types and
are concerned with the metabolism of the seeﬁ during its

development and hence in the synthesis of the storage

protein and subsequent germination.

Storage protein on the other hand can be defined as
that protein which is synthesised in the developing seed,

and is subsequently degraded during germination, acting

as a source of nitrogen for the developing seedlings.
' 1

In contrast to metabolic proteins, sto:age proteins
often display no enzymatic activity and the;very large
amounts that are present (in the dry seed, storage
protein frequently constitutes 807per cent?or more of
the protein present) tend to be composed oﬁ relatively

¥
2

small nunber of types.

Osborne and Campbell (1897} identified the principal

protein of cowpea - a globulin, naming it vignin and also

reported two other globulins. Osborne and: Heyl (1908)

fractionated the individual amino acid of Vignin and were

able to account for about 60 per cent of tPe nitrogen

in the original protein. Other workers Brewster and

- ————————
—_— —
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Alsberg (1919), Niyogi et al., (1932), also attempted to
. I
characterise the globulin of cowpea using Van Slyke
: i
method. Osborne and Mendel (1912) conducting feeding

trials with rats found that Vignin (the major protein

of cowpea) possesses a growth-promoting value slightly
— ]
greater than wheat gliadin, though distinctly below
I
that of casein.

carasco et al., (1977) working with cowpea also found
that globulin protein formed the major . (B0-90%) protein
fraction of matured seeds of cowpea, and that it waé
heterogeneous when examined by using chromatography and
zonal is&electric precipitation. Both 78 and 11S globulin
were present and the fraction was dissociated by sodium
dodecyl sulphate (SDS) treatment into three major sub-
units with apparent molecular weights: 56,000; 54,000
and 52,000 as determined in SDS-acrylamide gels. Two of '
the major subunits had low but differeﬂt contents of
sulphur-containing amino acid residues and wgre probably
subunits of 75 glycoproteins, It was concluded that the
egsential amino acid content of the meal is determined by
that of the glcbulin fraction except for cysteine/cystine
which is mostly supplied by the albumin fraction, the
latter probably containing some proteins rich in sulphur-

containing amino acids. -

bt e tm
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Osborne and Campbell (1898) showed that much of the protein

of lequme seeds was salt soluble globulin and}they were

able to separate this fraction from Pisum sativum into 2
major fractions - legumin and vicilin. Osborée (1894)
further demonstrated that similar protein fraetions could
be extracted from other legume seeds, but that their
chemical compositioﬁ would differ. Carasco (1976) on
the other hand, working with cowpea cr. Prima yas unable
to isolate legumin and thereby concluded that aegumin is
either absent or it occurs in small guantity in this

cultivar.

— st

Carasco et al., (1977) admitted that the major seed
proteins of legumes are globulins. These include 78 and
11S globulinsand the ratio of these is different in

E .

different species;  for example it is l:4 in Vicia faba

(Wright and Boulter 1972) and 9:1 in Phaseolus vulgaris
(Derbyshire and Boulter, 1976). The small number of 11S

globulins which have been adequately characterised are

similar to each other (Derbyshire et al., 1976a) and legumin

from Vicia faba for example is typical of the group. The

major protein fraction in cowpea is 7S globulin and the
' I

data obtained by ultracentrifugation together with

electrophoretic data (Derbyshire et al., 1976b) indicate

that it is heterogeneous; although cowpea has been placed

close to Phaseolus vulgaris in traditional classifications,
o

————— —
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the 75 globulin of cowpea is different from that of

Phaseolus vulgaris (ﬁoubert, 1957; Derbysﬁire et al.,
1976b; Barker et al., 1976). The 11S globulin from
cowpea has not been extensively characterisgd but the
limited data available suggest that it is a. typical
legumin-like 11S globulin. In cowpeas, thé methionine
contents of wicilin and legumin are about the same,
whereas that of cysteine in vicilin is muchilower
(Boulter et al., 1973) and rmuch of the supplemented

methionine used in rat-feeding experiments Qith conea
meal is used to supply cysteine (Boulter et ;l., 1973).
The other major piotein fraction.of legume séeds is the
albumin fraction (Boulter and Derbyshire 1971). Although
albumin proteins have not been fully separatéd and
characterised, it is ggnerally accepted that'the various
enzymes of the seed occur with this fraction.. Separations

of the albumins of various legume seeds on pélyacrylamide

gels normally give electrophoretigrams with 20-30 protein

staining bands (Fox et al., 1964)

i

1.20 Toxic constituents

Having extolled the virtues of the plant proteins,

it must be admitted thét there are certain anﬁ distinct
i

setbacks to their nutritional utility. For reasons that

are yvet to be explained, nature has deemed £it to endow
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many plants with the capacity to synthesize'a wide’
variety of chemical substances which are known to exert
a deleterious. effect when ingested by man or animal
(Liener, 1973). ,

Toxicity of a substance is its intrinsic capacity
to cause harm in a living organism; the hazarg is the
capacity to produce a harmful effect under conditions of
use.

All substances are potentially toxic but are

hazardous only if consumed in sufficiently large amounts.

For example, abnormally high intake by normal individual

of the common table salt and some vitamins and minerals

can be toxic, Although, abnormal health or;physiological
make up'of any individual consumer can also reveal a toxic
potential toward food compcnents. Also, d#etary oxalates

normally have little nutritional significarnce, but adverse

effects may manifest in diets that are low in calcium or
vitamin D or both. :
Toxicity may also be species specific;
raw soybean meal inhibits growth of young rats and
chickens, but not dogs (Rackis, 1974). Toxicity is,

therefore, used when referring to those substances in

food which produce some kind of deleterioﬁs effect in man

or animals, whether be it an acute lethal effect, or a

For example,

|
|
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chronic effect resulting in poor growth, hypertrophy of
the pancreas and thyroid, or decreased availability of

proteins, vitamins and minerals.

1.21. Protease Inhibitors

It was not long after soybeans were introduced into
the United States that Osborne and Mendel (1917) made the
significant observation that soybeans had to be heated

in order to support the normal growth of rats;

Bhagvat (1937) however was the first to demonstrate

i
the slower rate in which certain plant prote%ns were
digested by pancreatic:enzymgs than those of;animal
proteins. The subsequént discovery (Ham and Sandstedt,
1944, Bowman, i944) and purification (Kunitz; 1945;

Kunitz, 1946) of a heat labile protein in soybeans which

had the unique property of combining with4digestive enzyme

trypsin to form an inactive complex, strengthened the

concept that this trypsin inhibitor was responsible, at

A

least in part, for the observed growth depression. Further-

more, active antitryptic fractions extracted from unheated

- N I -
goybeans, when incorporated into diets were shown to
retard the growth of rats (Klose et al., 1946, Borchers

1., 1948, Liener et al., 1949), chicks (Ham et al.,

et s
1

l—l

1945, Borchers et al., 1948) and mice (Westfall et al.,

1948). Since the protein efficiency of partially heated
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i
soyflours was found to increase in proportion to the
destruction of the trypsin inhibitory activi%y,
Westfall and Hauge (1948) concluded that thektrypsin
inhibitor was the major cause for the poor utilization
of'the protein in raw soybeans., Hayard and Hafner (1941)
also showed improved utilization of unheated}(raw)

soybean meal (to the same extent as proper heating) when

-

supplemented with methionine or cystine. It was however
interesting to f£ind that addition of methionine did not
raise the nutritive value of raw soybean mealito the

level of heated one similarly supplemented with

methionine,

g

Carrol et al., (1552) demonstrated that %he net
absqrption of nitrogen éulphur and methionineiitself from
the digestive tract of fhe rat was essentiall§ the same
for both raw and ﬁeatedxsoybeans and that difﬁerence'in
nitrogen absorption in the rat seemsto be confined to the
terminal end of the small intestine, whereas_éver_twice as
much nitrogen is absorbed from heated soybeanithan from
the raw. It therefore shows that a considerable portion
of the nitrogen from raw soybean meal which eé?apes
hydrolysis in the small intestine must be absoibed from
the large intestine, and has little utility fo& growth.
Therefore, according to Carrol et al., (l9525,1the site of

absorption rather than the net absorption is of significance
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in the rats. In the chick, however, the net' absorption
of protein is significantly less with the unﬁeated
soybean meal (Evans and McGinnis, 1948; Bouﬁhilet

et al., 1950; Nesheim and Garlich, 1966). jhus the
basic difference between the rat and chick (dn important
species difference) as far as the absorpﬁionuof nitrogen
and sulphur from raw and heated soybeans is apncerned is
that less net nitrogen and sulphur is absorbeg from

raw soybean by the chick than by the rat.

From these studies-there appeared to be iittle doubt
that the poor growth-promoting quality of raw soybeans
could be attributed to a large extent to a trypsin
inhibitor. How'this inhibitor functioned waélnot readily
understood, since a difference in the digestibility
between raw and cooked soybean did not appear to account

for this observed growtﬁ depression, Melnick et al., (1946)

on the basis of experiments involving the in vitro release

of amino acids from soybean protein by pancreatin

suggested that methionine was liberated more slowly by

the proteolytic enzymes of the intestine than the other

essential amino acids and was thus ineffectively
‘ _

utilized for protein synthesis. However, later in vitro

studies did not appear to support this hypothesis since

it was shown that the trypsin inhibitor does not
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i
specifically retard the enzymatic release of methionine,
b;t see%ed to affect all amino acids to the séme degree
(Riesen et al., 1947; Ingram et al., 1949; Liener and
Fevold, 1949). Further, active antitryptic p{eparations
have been shown to retard growth of rats and chicks even
when added to diets containing pzedigested protein-
(Q?sikachar and ﬁe 1947; Liener et al., l949)i_ Under

these conditions intestinal proteolysis would not play a

part with respect to the availability of essen#ial amino

. . ' I
acids.

When fed raw soybean meal (Chernick et _;;, 1948;
Booth et al., 1960; Alumot and Nitsan, 1961), ior
crystalline trypsin inhibitor (Lymah and Lepko%sky. 1957)
chicks and rats were found to develop marked hjpertrophy
of the pancreas., Contrary, to what had been geperally
assumed, the amount of trypsin found in the intestine of
those experimental animais was actually greaterlthan that
found in the control animals fed heated soybean meal.
These observations indicated that the growth de?ression
was not a result of inhibition of proteolysis b@t rather
the result of an endogenous loss of essential amino acids
from a hyperactive pancreas which is responding'in a

compensatory manner to the effects of trypsin inhibitor

(Booth et al., 1960). This is further supported by the

e ——— —
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findings of Green (1972) and Niess (1972), who have

presented evidence to indicate that trypsin or chymo-
- » . . ———— . |

trypsin in the lntestlne~wm@remﬁﬁfpancreatlc enzyme

secretion by feed-back inhibition and that trjpsin

inhibitors evoke increased enzyme secretion by counter-
I

acting the supression produced by trypsin ther?by releasing

pancreas-stimulating hormone cholecystokihin £rom the

gy

intestinal mucosa (Wilson et al., 1978). Sinée soybeans

and legumes in general are low in the sulphur amino acids

this would explain why, on addition of cystinelo;
methionine to unheated soybean meal to counteract the
loss of endogenous amino acids, protein utilizétion was
found to be improved, essentially to the same extent as
adequate heat treatment (Hayward and Hafnef, 1541:

al., 1942; Russell et al., 1946; iEvans and

——

Almguist et
McGinnis, 1946; Clandinin et al., 1946: McGinnis and
Evans 1947; Evans and McGinnis, 1948; Evans et al.,

1951). There is increasing evidence to suggest that

human trypsin exists in two forﬁs, a cationic sbecies

which is the major component of human pancreatip juice
and an anionic species which comprises aboﬁt loito 20

per cent of the total trypsin activity (Figarella

et al., 1975). While the latter is fully inactivated by

the soybean inhibitor, the predominant cationic species

——— —

js only weakly inhibited (Figarella et al., 1974).
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Further support of ghe probability that the soybean
inhibitor is relatively ineffective against humhn
trypsin is the rather interesting relationship fhat
appears to exist between the size of the pancreés
of various species of animals and their sensitivity to
pancreatic hypertrophy induced by raw soybeans or the

inhibitor (Liener, 1977). It was demonstrated that the

pancreas of these species of animals whose weight exceeds

0.3% of their body-welght be;ome hypertrophic when fed
raw soybeans, whereas those wﬁose weight are below this
value are insensitive to this effect. Since man has a
pancreatic weight of 0.09 to 0.12% of his body weight

1+ was assumed that human pancreas would be insénsitive
to this effect of soybeaﬁ trypsin inhibitor, Gétehouse
et al., (* 1980 ) characterized cowpea trypsin‘inhibitor
and showed it to havelmolecular weight of ca.17,000.

The isolated inhibitor was a mixture of several 1iso-
inhibitors. Some were able to inhibit chymotrypsin as

well as trypsin., Complex formation with trypsin was

demonstrated.

On the other hand, d;ets high in tannins have been
shown to cause interference wiﬁh pancfeatic digqstion
(Drieger and Hatfield, 1972) irritation of the
intestinal tract (Mitjavila et al., 1971), and to give

rise to methionine deficiency (singleton and Kratzer,

- e —

. —
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1969) by requiring active methyl groups in the
detoxication process. Plant polyphenols and tannins

have been demonstrated as heat stable factors which may

reduce protein digestibility. Thus in high and low

&

tannin sorghum (Armstrong et ali, 1973), and broad beans

(Martin-Tanguy, et al., 1977), the presence of plant

phenolics in seeds adversely affect the utilization

of protein. It has been found using Phaseolus vulgaris
that colour of the seed coat and polyphencl content are

correlated in their effect on the digestibility of the

protein (Jaffe and Floves, 1975; Elias et al., 1979).

1.22 Polyphenols.and Vegetable Tannins

Polyphenols form a heterogenous group of secondary
plant products the majority of which in combination with
compounds of a carbohydrate nature, either as esters or

glycosides are located in the cell vacuole in the

vegetative tissues of plant. Knowledge of their
distribution, particu}arly in guantitative terms, is

still fragmentary, a lthough in some plants they make a,

substantial contribution to the weight of the tissue.
Thus for example, up to 40 per cent of the dry matter

of leaves of the tea plant, Camellis sinensis, is reported
1

. . !
to be polyphenolic in character. The range of compounds

collectively designated as vegetable tannins are those

plant polyphenols characterised by high molecular weilght
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(500-3,000) and containing a sufficiently large nuﬁber
of phenolic groups to enable them to form effectiﬁe Cross~
linkages with proteins and other macromolecules. 'This

distinctive property has permitted their use for:ét least

2,000 years in the conversion of raw animal hides to
Tannins are categorized into

durable permeable leathers.
two groups (as first suggested by Freudenberg, 1920)
and according to Loomis and

hydrolysable and condensed
Battaile (1966) they react differently with polypeptides.

The study of tannins has been hindered byftheir

. complexity and discouraged by the absence of any apparent

physiological role. It is believed, but not proven, that

they contribute to plant protection byrproviding resistance

against consumption by birds (Halloran énd Maunder, 1971)
and attack by insects and microorganisms (Axtell and
Oswalt, 1972; Karrer; 1958). Most food tanhins are

polymeric condensed tannins in the molecular weight range

of 500-3,000 (Haslam 1966; Swain, 1966), wherein they are

thought to impért certain tastes and flavouis (Bate-Smith

1973: Goldstein and Swain, 1965). Tannins occur

universally in higher plants (more especially dicotyledonoﬁs

plant families) and are present in many £004 crops in

significant amount. The precise moleculaf structure of

only a few of these compounds is known (Robinson, 1967:

TR e
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Weingers and Piretti, 1971). Their interaction with
proteins is believed to take place through hydrogen

bonding (Gustavson, 1954, Haslam, 1966; Robinson, 1967)
al., .

but only a few systematic studies (Calderon g;'
van Buren and Robinson, 1969) have been made of the

1968;
structural, spacial and functional group requirements.

of the interaction.

Owing, presumably, tdrlong evolutionary qdaptation,
the common plant phenolics as usually consume@ are readily
detoxified., It appears (Singleton and Kratzef, 1969) that
carnivores tend to be more susceptible than he;bivores
to the acute toxicity of phenols, such as thése from

plants. Omnivores, for example man and ratsL appear to be
intermediate. This relative sensitivity seéms to be true
parenterally as well as.orally, so that it does not appear
to be exclusively an effect of digestive-t;éct ﬁicroflora.
Considering that the diet of a herbivore méy contain

nearly 20 per cent of its dry weight as lighin and other

plant
none, an evolved difference in phenol tolerance therefore

seems reasonable (Singleton and Kratzer, 1973). All
phenols have some properties in common tﬁat render them
potentially toxic to animals; the fact that most plant

phenols are harmless as usually encountered in the diet

phenols, and that the diet oﬁdcarnivore has nearly

t

:

e STRRI
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is largely the result of the animal's effective detoxifiﬁation
or noneabsorption of them. But if the animals detoxification
mechanism be overloaded by massive amounts of phenolic

derivatives in the diet or circumvented by unusual

structures of the phenols or unusual circumstances of

ingestion, toxicity is likely to become manifest.
|
Tannic acid is typical of the hydrolysable ‘tannins. .
It is readily hydrolyzed enzymatically or hydrolyses

T

spontaneously to giucose and gallic acid with about seven

or less gallic acid units per glucose. Other tannins off
i £
|

this group may yield as hydrolysis produdts ellagic acid,,
which replaces gallic acid, or quinic acid which replaces
glucose (Haslam, 1966}, Tannic acid hasjbeen the tannin most
used in medical.treatment. It has been &sed'in barium eﬂ%mas
to improve definition of the éolon wall in diagnostic x—r;ys.
Severe acute 1iver'damage, sometimes fatal, was produced
in a small proportion of the patients (Sﬁngleton and

Kratzer, 1969; Janower et al., 1967). The toxicity of

|
;

tannic acid when administered rectally is about twice that

of the substance when given orally (Boyd et al., 1965).

The incidence of serious reactions after tannin enemas was
: !

greater when administered to juvenile patients or when thé
§ ; : "
enemas wer®e given repeatedly or when the patient had pre-
o i
existing ulcers or inflammation or when the enemas were .

retained in the bowel, for increased period of time or |
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when the tannic acid concentration was increased
(Zboralske et al., 1966). One of the symptoms of
continued tannin feeding is gastritis a; well as
irritation and oedema of the intestineé. Under such ali
condition, it appears that tannin oligomers may be
absorbed. The attendant result of possible carcino- .
genesis as evident by the production ofiliver cancer whén
tannins are gpplied to burns, or adminiétered repeatedl¥
‘by subcutaneous injection (Bichel and Bach, 1968; Kirb%

1960; Korpassy, 1961) is worthy of congideration.

Tannic acid inhibits the absorption of glucose and

|

methionine in mouse intestine; this is believed to be the
i !
result of denaturation of the proteins of the protective
i
|

outer cellular layer of the mucous menbrane

(Mmitjavila et al., 1970). Localised destruction of

‘ 1
epithelium of the gastrointestinal tract has been found !

to occur following oral administration of tannic acid and

to be more severe in newborn than in older rats i

il

(Weinberg et al., 1965). Since they tgnd to break down
more, hydrolysablé tannins (e.g. tannic acid) would be '
expected to be more toxic than condenseé tannins in the}
systemic sense. The no-effect level foé food-grade tann&c
acid in rats has been established to beZBOO ng per kilogram
body weight per day and the total accepéable daily intake



-34-

for a man is 560 mg (Anonymous, 1969). One reason for
the low oral toxicity of tannic acid is that it is :
hydrolysed in passing through the normalggut, and only
gallic acid (the methleGOnors: cholineland.methionine
provide the methyi group required to meéh?late gallic
acid to 4-O-methyl gallic acid, a major excretory
product) or metabolic products thereof appear in blood
or urine. On the other hand, the condepsed'tannins

(Flavolans) are polymeric flavonoids composed predominantly

of leucoanthocyanidin units linked carbon to carbon from'
L 3

the 4-position of one unit to the 6- or 8- position of

the next (Haslam, 1966), Unlike the hydrolysable tannins,

they do not breakdown readily under ?hysiological
conditions, but when treated drastical;y, they usually
produce either les_é soluble polymeric "ph:_lobaphenes " or
flavonoid monomers, particularly catechiqs'and antho

cyanidins (Haslam, 1966). j

Experimental feeding of diets with Known or
I-,

added tannins to chicks and to rats have shown growth i
. .

depression with levels of the order of 1 per cent of the_|
diet, but effects gre somewhat variable. Chicks are i
' ' ]
apparently more sensitive than rats.

| |

Vohra et al., (1966) reported a decrease in nitrogen

—

retention upon feeding high (0.5%) levels of tannic acid

.
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!
to chicks and at 5% high mortality occurs. }Cohdensed :
tannins were however found less detrimentalfthan tannic ;
acid.Glick and Joslyn (1970) also néted an ?ncreased ;

excretion of protein in the faeces of rats fed 2 per cent i

or more of tannic acid in the diet. They demonstrated ;

that proteolytic activity of intestinal contents of rats '
fed 5 per cent tannic acid was over three times that of

control rats and concluded that protein of:endogenous .

origin accounted for most of the increased'protein

excretion.
Martin-Tanguy et al., (1977), however found that ;
condensed tannin of the horse bean seéds a?pear to depress
the growth of muSCovY ducklings in additioﬁ to causing
reduction in the weight of eggs produced b? laying hens
and to decrease the digestibility of nitrogen compoﬁnds
in growing chicks. Eggum and Christensen 119751 working
on barley found out that tannin exerted a éevere negative
effect on protein digestibility. These wérkers also founai

out that with tannin in the diet of rats, availability of

e e

all amino acids decreased significantly but to different

degrees; -91utamic acid, proline and glyc%ne being }
severely affected. The sulphur amino acids (methionine aéd

cystine) were however least affected by the addition of
. 7 | i

tannins. These workers therefore, have their reservations
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as to the validity of the theory of detoxification effect |

of methionine (as far as rats are concerned), since a higher,
i

demand for these amino acids when tannin is fed d4id not

in gelatin f
L ' .

apply in their study; ;E@EFEE?%} that tann
complex is very strong (Van Buren and Robinson, 1969) ;
and that the high concentration of these th#ee amino acids |
(proline, glycine and glutamic acid) suggest é specific |
affinitg‘for them. However, Fuller et _;.,I(1967),
reported that supplementation with methionine, choline, and!
arginine reduced the toxicity of 1 per cent tannic acid i
and completely removed the adverse effect of 0.5 per
cent tannic acid. This is believed to resﬁlt ﬁrom the
need for methyl groups for the O—methylatiOn'of gallic’

acid derived from tannic acid,bwilliams .1959). |
1
It appears however, that there are several causes

of the growth-depressing and toxic effects of tannins,

and the interplay between them and the experimental {

conditions account for wvariable observations. High tannin|
in the diet makes it astringent and the animals must be i

starved to force them to eat it. Weight loss during this
. H - i

period is more serious for smaller, younger animals and
i

seems to be at least one reason that larger animals are J

more tolerant of a high tannin diet (Glick and Joslyn,
. " ["

197@). Paired feeding shows that feed intake and :
S i

presumably palatability are major but not the only factors

j.
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’ |
in growth depression by high tannin diets {vchra et al,. ﬁ
' L i = T !

k

1566, and Glick and Josiyn, 19791 !

; S

et e

Thé feeding of tannin also leads to ;éﬁered energy |
conversion from food and to excretion of high igvels of )
nitrogen in the faeces as earlier mentioned. The high .
nitrogen excretion results largely from the binding of - ;
dietary protein by tannin into an indigestible form. Any
protein added in excess of the amount required to bind the
tannin i$ utilized by the animal, resulting in greatly |

improved growth: the residual nitrogen in the faeces

remains about as it was before the addition (Glick and

Joslyn, 1970b). Supplementation with 40 per cent casein

and 5 per cent tannic acid gave growth equal to that of
_ : i

pair-fed rats without these supplements (Glick and i

Joslyn, 1970a). The protein-tannin complex appears to be!

t

formed by multiple hydrogen bonding between phenolic
. ' f

hydroxyl groups of the tannins and the carbonyl groups of
i I'

the protein peptide bonds of enzyme proteins; and since

the body responds to high-~tannin diets by synthesizing
| : ]

severalfold as much proteolytic enzyme (Glick and Joslyn;

! i

1970b) part of the high nitrogen excretion is endogenous ,

enzyme protein. A net loss of nitrogen would be possiblé
on protein-poor and high-tannin diets, and this would be!

expected to be most deleterious to young animals during
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the period of rapid muscular growth. The tannins alsoIr
. )
react in a similar non specific, multiple hydrogen '

o \
bonding fashion with dietary protein forming undigestible

L .
precipitates as in leather tanning, because treatment

of faeces with urea liberates some of the tannin
(Tamir, 1970). Free amino acids do not however bind

strongly to tannin. |
: i

However, thé absorption of an intact protein-binding

non-dialysable tannin macromolecule whether hydrolysable
, j |

or condensed seems guite unlikely, and the best evidence
r

seems to be that it does not occur in the normally .
functioning alimentary tract of an animal (Singleton ;

' i
and Kratzer, 1969). Moreover, since microorganisms may,

|

not only modify phenols but possibly also destroy them .
: i

i,

entirely, the microflora of the alimentary tract can

l

gréatly reduce the apparent toxicity of orally administered

phenols, especially in animals which are adapted to plant
I

diets (Singleton and Kratzer, 1969). Presently, it :

appears that the hypothesis of a lower digestibility OfL
the tannin-protein complexes, Or proteoiytic enzyme !
inhibition by tannins as mentioned abové should be
eliminated, at least as far as hydrolyséble tannins f

are concerned (Mitjavila et al., 1977).
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1.23, Lectins (Phytohaemagglutinins)

Lectins are defined as carbohydrate-binding proteins
~and because of their unique property of being able to

3

~ agglutinate erythrocytes, they are also known as
(phyto)haemagglutinins. Like the protease inhibitors,
the lectins appear to be widespread throughout the

leguminosae.

Lol
The first description of phytohaemagglutinin was

given by Stillm;rk (1889), who studied the toxicity of
castor beans and press cakes from the production of
castor oil. He concluded thaf the toxic action was due
to the presence of a protein which was'capable of
agglutinating the red cells from human and animal blood:
this he called "ricin". Landsteiner and Réubitschek
(1908) later obsefved that the relative haemagglutinating
activities of various seed extracts were guite different
when tested with red blood cells from different énimals,
and compared this specifitity with that of:the antibodies
of animal serum. NoO téxicity was detected at that time.

(195314
However, Lieﬁé@i%ubsequently isolated a haemagglutinin

o~
-

from soybeans and demonstrated its ability to inhibit the
growth of réts;{i:fﬁh;f .. The isolation of pure
lectins and subsequent nutritional testing have now

thrown much light on the toxicity of lectins. Thus, a

.l

|
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i

, i
lectin component isolated from navy {(haricot) -bean

(Andrews, 1974) was found to be toxic for Japanese quail

(JeYhe—Williams and Burgess, 1974}. Similaily, a

‘correlation was found between lectin content in white

: * -
klaney bean (cv. "Processor") and the extent of depre551on

of protein utilization for the rat (Pusztai g; al., 1975).

. -
T'l.n 3

T
ot

about the highest lectin content when compared to those
of other grain legumes, and hence most work concerning

lectin toxicity has been carried out using the lectin
|

s .
extracted from the seeds. Jaffé.gg al., (1968) undertook

a systematic study of the haemagglutinating activities of

a large number of different varieties and cultivars of

Phaseolus vulgaris and observed that only those extracts
which agglutineted trypsinised bovine erythrocytes were

toxic when injected into rats: feeding trials further

e

“pi& seeds of Phaseolus vulgaris (kidney bean) contain
'_'5"-' v '_"“';.fi——'ﬁ—"/ ‘

e ———— —

conflrmed thlS.- Why this should be the case is uncertaln,'

indeed the basis of lectin toxicity. when 1ngested is
not understood and the fact that these protelns are

readlly dlgested and inactivated is even more puzzllng.

However,_lt has "been suggested that the 1ngested IEEE}n

might_exert its toxic effects on the recipient animals
by inte}fering with their digestion aﬁd/orfabsorption
(Jaffé and Vega Lette, 1968), by the formation of

intestinal and other lesions (Tedeschi et al., 1965) or
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by an impairment of beody defences and the consequent

tissue invasion by normally innocuous gut bacteria (Jayne-

williams and Burgess, 1974)- bAltHoughﬁamsorpcion wWas |
e - R e i

Gepresses. to a, certain ext;;g&?usztai et al (1979) conclud?d'

. o e a b s -

e R S
. B U s i Y

o .
that it S?i]].@ﬂCtT?Qg;f, probably through the non-

. alt
Rl el

disrupted cells of the small intestine. It:was suggested |'
that to;icity was the result of ensuing systemic effects,
i ‘

such as for example the observed high N excretion possibly

through increased tissue catabolism.

Tmproperly processed bean meals have been reported to

< . ‘
cause an outbreak of poisoning (Griebel, 1950). Korte |

(1972) has, in fact, observed that when mixtures of ground

s

beans (Phaseolus vulgaris) and ground cerealsVel 4
under conditions prevailing in Africa (Tanzénia) the |
agglutinins were not always destroyed. It is evident
therefore that caution should be exercised in recémmending
the use of beans under conditions where proper heat
treatment may not be @nsured. | |

Baker (1978) studying the basis of insegt resistance

in cowpea {Vigna ungquiculata) looked into therprobable
: N

role of lectins in cowpea. She tested both the albumin

fraction at a concentration of 10 mg per ml, as well as

total protein extracts from 4 varieties of cowpea, using i
]

concanavalin 2 and Vicia faba lectins as positive
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agglutination controls. She in addition added bovine

serum albium (BSA) to some of the asséys at ‘a concentration

'
¥

of 1 mg per ml; since some lectins appear to regquire
added protein for activity (Toms and Western, 1971).

The results were however negative with respect to the
cowpea extracts against human groups A, O, and rabbit

{with and without BSA), pig, sheep and cow bloods. Lis

and Sharon, (1973) indicated that many lectins, especially

concanavalin A require calcium and magnesium ions for
activity whilst trypsin and neuraminidase increase the
sensitivity of the assays. These effects were also

tested on cowpea extracts, but the resﬁlts were equally

negative. It was further found out that no material from

[
vigna ungquiculata seed extracts will 'bind: to eitherx

Sephadex G100 or Sepharose 4B (Gatehouse, private
communication as quoted by Baker 1978) whereas most

lectins will bind to one or other of these résins.

The significance of these findings_withirespect to
the consumption of these beans in human dietlis that
almost all the food légumes have little nutr?tive value
unless subjected to some form of heat treatment. The
presence in the seeds of legumes of antiphysiological

activity such as lectins and trypsin inhibitors, do not

pose a problem in practice as man rarely consumes raw

am—-
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legumes and that the éctivity is usually vi;ﬁually

destroyed by the usual cooking proqedures, as long as

sufficient heat has been abplied £0 ensure c¢omplete

destruction of these factors. ’
i

1.30 Effect of Processing and other Nutriegﬁs on Protein
Digestibility :

Most people recognise that beans are difficult to
‘\Higest and may give rise to stomach upsetégnﬂuutritionists
are aware that beans have a low protein digéstibility or
impaired amino acid bio-availability. At present, it is
not known whether these effects are caused by a more

(7

rapid discharge from the intestine, or by a_resistahce
to protein hydrolysis by the gastrb-ihtestiﬁal enzymes.
In any case, Significant losses of nitrogen occur in

faeces when beans are consumed{Bressani, '1972).

The low digestibility of legume grains!has been
observed not only among species, but also among varieties
of the same species. For example, Jaffé’(1950) observed

that Cajanus indicus had a protein digestib%lity of 59

per cent, in contrast to other varieties that showed
values as high as 90 per cent. On the other hand, Vigna
sinensisy showed digestibility coefficients that varied

between 86 per cent and 90 per cent. The value for Lens

esculenta was 93 per cent: for Pisum sativum about 92
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per cent. The grain size has been incr#minated as |
a possible cause for decreased digestibility, because
it is thought that small seeds have heavier cotyledons

(Bressani, 1972). Seidl et al., (1969), Jaffé and Vega

(1968) obtained a globulin fraction from black beans that
was resistant to in vitro digestion by ten proteolytic

enzymes even after protein denaturation.

venkataraman et al., (1976) on the othér hand :

reported a decrease in digestibility of gerﬁinated

cowpea, while Onayemi et al., (1976) reported a decrease

in trypsin inhibitory activity in cowpea soaked for 36

hours. Whilst heating has been shown to increase the f

o -

digestibility of cowpea nutrients and its protein
utilization (Owusu-Domféﬁ, 1972), Bressaqi and associates
(1977), however, in an attempt to throw more light on the
érdblem of low digestibility of protein of legume foods,

i
fed different types of beans with varying colours to
young growing dogs. The data produced suggest that
total proteln dlgestiblllty of legume gralns was SLgnlflcantly

lower than that of casein, but increased with intake with

the exception of red beans. Their regressibn analyses

e ————

also showed that as bean intake increased, so too was
faecal nitrogen. These Wwere| higher for the Phaseolus

species, than cowpea, pigeon peas and soybean; and



v “moisture in dry methods

~45—

among the bean samples, it was higher for the red beans.

In 1966, Ford and Salter pointed out the possible
effect of heat damage on the digestibility of heaf
processed proteins., Storage éonditiousjﬁfﬁﬁbeen known
to affect protein digestibility by indirectly affecting

cooking time, a phenomenon known as “"fard &ook™ Molina

et al., (1975). Hard cook is caused by storage of beans

at high temperature (770°F) and high relative humidity
(»75%) the type that prevails in the tropics% As a
result the beans have been known to take an unusually
long time (up to six hours) to cook as compafed to 30

. . . e U PATUN
minutes if stored at low temperatures andilow relativej
. [P = .

humidity.

Protein foods are cooked fof reasons which include
making them more digestible, increasing their:keeping'
qualities and for safety. Eggs, meat and‘fish may be
cooked for aesthetic reasons. But above all,lfor the
majority; foods are cooked to make them more %ppetizing,

that is, to increase their organoleptic appeal.

There are two main methods of cooking - dry and

moist. The most important differences between the two

methods arise as a result of higher external temperatures

and the greater possibility of surface evaporation of

i

'Dry methods include Qrilling

—— <t e c— -

JR——
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(broiling), baking, frying and roasting. Moist methods

include steaming, boiling, braising, stewing, poaéhing

and pressure cooking.

In cooking foods containing protein, the Maillard
reaction is of considerable importance. Meianoidin
pigments produce characteristic changés ofléolour and
flavour (Ellis, 1959) combined with possiblé reduction
in biological value (Clegg, 1960). Increased temperatures

and high pH favour this reaction.

1.31 protein Digestion

The amino acid composition of a foocd protein as

revealed by chemical analysis, may be said to iepresent
its potential nutritife quality, but other céaracteristics
may be of importance in determining its value for the
animal. Of these, digestibility and the biological -

avallablllty of its amino acids are of first 1mportance,

perhaps more especially among protein foods that have

been heated in manufacture,

Review of the litérature however, shows that ingested
food is stored in the étomach where it is fﬁrther moistened,
softened and mixed with hydrochloric acid énd.pepsin, the
combination of which reéults in denaturation of native
proteins and their partial or complete solubilization.

The stomach thus plays an important part in digestion.
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an .

It acts asqosmotic shield (Hunt and Pathak, 1960) to

prevent the passage into the intestine of 'large volumes

of hyperosmotic material.

The evaluation of the pH of optimal activity of
pepsin toward protein substrates is compliéated by the
fact that a prior acid denaturatiqn of the substrate
markedly facilitates digestion, or may be ah absolute

prerequisite for proteolysis in many cases (Linderstrpm-

Lang et al., 1938).

Thus Christensen (1955) has

presented evidence which suggests that the ?ate-limiting

step in the peptic digestion of ovalbumin and lactoglobulin

is acid denaturation, and has found that although the pH
optimum for the digestion of the native proteins is about 1

that for digestion of the previously denaturéd proteins

¥

Other studies byiﬁorfhyop (19%2)3 Desnuelle

i
“et al., (1950)3 Sri Ram and Maurer (1957) and many

was near 1.7.

-
-

others have substantiated the observation that the

practical pH of optimum activity of pepsin toward protein

substrate is between pH 1 and 3.

The chyme is passed from the stomach into,the
duodenum as protein or large peptides where it:is mixed
with bile, its pH is raiéed, and is finally, sﬁbjected
to the hydrolytic action‘of pancréatic and intestinal

proteases and peptidases secreted in response toO discharge

g — -
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of chyme into the duodenum (Twombly-Snook and Meyer, 1964).

Many native proteins are quite resistant to hydrolysis
by trypsin and chymotrypsin, and are digested only after

undergoing chemical or physical treatments which cause
denaturation and thus expose all or some!of the

susceptible bonds to the action of the protease

(Desnuelle, 1960). | It has been suggested that the

themselvest
proteolytlc enzymebww—"vfr*can produce denaturatlon of a -

protein substrate by virtue of its ability to form a
complex (Linderstrfm-Lang et al., 1938 a%d Green and
Neurath, 1954), but it has proved difficult to distinguisi
this possibility from an alternate one in which the

hydrolysis of a single exposed susceptible bond results

in exposure of others (Desnuelle, 1960).

Chymotrypsin and trypsin both'attacﬁ suséeptible
proteins optimally in the pH range from 7.5 £o 9. Apart.
from the distinctly different amino acid residues
preferred in substrates by these enzymes; the major
distinguishing characteristic is the rapid autolysis
undergone by trypsin at the pH of optimu£ catalytic - E
activity, and the inhibition of this autolysis by calciuﬁi
ions {Northrop et al., 1948). It has been suggested that
autolysis results from the fact that native trypsin exists

in an equilibrium with a reversibly denatured form which

is susceptible to proteolysis by the native form
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i
(Northrop et 1

——

1., 1948, and Gorini, 1951) and that the
binding of calcium ion shifts the equilibrium toward the
native form, but the situation is not completely '

understood. . |

From the pioneering studies of Bergmann (1942) and

his associates (1941}, as well as later investigations |

of the hydrolysis of simple amides and péptides by these |

enzymes (Green and Neurath, 1954, Desnuelle and Rovery,

1961), it was learned that trypsin acts rapidly only on

those peptide bonds in which arginine or lysine provide$ :
. ]
the acyl portion, while chymotrypsin acts. on those bonds i

5

in which tyrosine, phenylalanine, tryptophan and, to a
lesser extent, methionine and leucine, provide the acyl !
portions. The products of protein digestion are absorbeda

in the intestinal mucosa into the portal circulation. It;
is now established £hat, though in generai, only free t
amino acids enter portal blood during protein absorption,
protein digestion products leave the intesﬁinél lumen in l

i

two forms: as free amino acids and as small peptides

(Matthews,  1972).

Melnick et al., (1946) argued that time and concentraﬁion
' I
relationships determine the efficiency with which the amino

|
|

acids are utilised after enzymic release and postulated

that, for optimum utilization of a food prbtein, all the
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*

essential amino acids must not only be made available ;
for absorbtion, but must also be liberated during
digestion in vivo at rates.pefmitting mutual
supplementation. Denton and Elvehjem (1953_and 1954)
in a series of experiments to measure thelrate of
hydrolysis of proteins, both in vitro and in vivo, and
the concentration of amino acids absorbed from the

intestinal tract into the portal vein, demonstrated that

the amino acids from digestion of casein or beef enter
1

portal vein within a brief enough period of time to allow \
for maxXimum utilization. The time of absorption of each

amino acid in relation to others is therefore important.

Elman (1939), for example, found that tifptoPhan
and methionine had to be injectéd simultaneously to
produce positive nitrogen balance in the dog.i Geiger
and associates (1947, 1948, and 1950}, showed'that
delayed supplementatio; of diets with either tryptophan,
lysine, or methionine resulted in poor growth Bf rats.
cannon et al., (1947) on the other hand, reported that~
rats did not grow if 5 of the 1O essential amino acids
were fed one hour and 5 the next hour, while Hehderson
and Harris (1949), dembnstrated that p;otein anabolism
decreased if there was a delay of 3 hours or longer in

the feeding of lysine as a supplement to a lysine-low

diet. The importance of simultaneous availability of
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essential amino acids is illustrated also by feeding one

protein to supplement another, simultaneous feeﬁing of the

proteins resulting in much better growth of animals than
when the proteins are supplied at separate feedings

(Henry and Kon, 1946: Mertz et al., 1952; Eggert et al.,
1953).
The f£finding, that free amino acids supplement is

absorbed relatively guickly may explain reports that

supplementation does not necessarily make the nutritive

value of a protein equal to that of the modei qﬁbgan et al.

1955, Bankq et alk 19’64§), However, it does not

,,..4.._7-.-.: . ]

necessarily follow that it would be advantageous for a

supplemented protein to be digested more rapidly. 1If the

amino acids were made available faster than the rate at
;

which they could be utilized in the tissue, they might be

subjected to wasteful deamination (Gitler, 1964).

1.32 The rate of stomach emptying on Proteln questlbllltz

such as

!

The rate of emptying of the stomach after a meal is f
known to be influenced by a variety of factors; /
1)

the nature and level of the protein (Porter and Rolls, 197

the presence of other dietary constituenté particularly

k)

carbohydrate and fat (Rosenthal and Nasser, 1958: :

Peraino et al., 1959; Hunt and Knox, 1968; Pirk and

Skala, 1970); the pH of intestinal conténts (Rune, 1968),

E— .
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%

osmot ic pressure‘(Hunt and Pathuk, 1960), the physical |
gtate of the meal i.e. liquid or'fineli divided meals
have been noticed to leave the stomach moré guickly thanh
do coarser meals (Marcus and Lengemann,a 1962). Porter.
and Rolls (1971), have.observed wide va%iationsin the |
rate of stomach emptying in healthy aniﬁa}s under
emotional states, such as fear or excitément. Wﬁilst E
confinements have been noticed to delay stomach emptyiné,

on the other hand, frequent small meals result in an

increase in the rate of gastric enptying. '

Buraczewski et al., (1971), found that when different

1

proteins were fed with the same carbohydrate, the nature |
(raw, heat treated, or heat damaged) of the protein ]

component largely determined the rate of stomach emptyin%,
whereas the effect of feeding different carbohydrates with
a particular protein could be related to the properties 2
of the carbohydrates'- very soluble carbohydrates 1
especially those which were poorly absorbéd such as E
lactose, tended to delay stomach emptying: ;

‘ . |

Krehl et al., (1946), observed a better growth of

animals fed low protein diets containing dextrin rather
than sucrose and concluded that this may be the result

of the effect of rates of digestion and abQOrptiOn on the :

utilization of amino acids. Lyman and Elfehjem (1951}
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have also suggested that the lower trypﬁophan reguirements
of rats receiving dextrin rations deficfent in this
amino ac1a and 1n niacin may be a result of slower
passage of this ration through the dlgestlve tract,
permitting more complete digestion. and utilization of

the diet. Buraczewski (1966), however, compared the

levels of free amino acids in the portal and systemic

blood plasma of rats at two hours after being given test;
proteins (raw unheated; heated at 135°% 'and heated at

145°C) with and without sucrose. ' ,

In rats given the unheated protein without sucrose,-
the levels of free amino acids were markedly higher in i
| I

the portal than in the systemic blood plasma. This 1

I
difference was much smaller in rats given the meal heateda

o . e - o |
at 135 C and was negligible for« meal heated at 145 C. i
1

Feeding sucrose with the test proteins gave a different

i
picture. For the unheated protein the differences betWee%
pertal and the systemic levels were smaller, and for the f
o i
heated meals the differences were increased, especially .
for the meal heated at 135 °c Buraczewskifthen concluded
that besides the effect on amino acid uptake, sucrose

had a pronounced effect in retarding the passage of the i

heated protein from the stomach.

) i

Still another interesting problem ijnvolving digestion

+
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is the effect of processing of food on the rate of i

hydrolysis in the gastrointestinal tract.:

Buraczewski et al., (1967) in their study of the
effects of heating on thé course of digesﬁibn of cod
muscle proteiﬁ by rats concluded that witﬁ increasing
severity of heatingythe solubility of theltest protein
decreased as did the rate at which it waslhydrolysed by
pepsin and subsequently by pancreatin and erepsin;
and that digestion in vivo of heat-damaged meals was ;

far from complete and was comparatively inefficient and :

therefore concluded that much of the fall in nutritive
quality can be attributed to this difference between the

rates of enzymic release of different amino acids. i
. . |
. Heating, particularly dry heat, has been known to

reduce the nutritive value of proteins which contain little

or no carbohydrate by reducing the liberation of lysine and?
%

possibly arginine and histidine all of which become tied

up in new chemical linkages(Beuk et al., 1949 : |

Clandinin et al., .1951° and Clegg 1960). 'Overheating /

|
t
: !
proteins in the presence of carbohydrate causes another t
type of destruction of amino acids, particularly lysine, |

arginine and tryptophan, through reactions with carbohydratés

(Schroeder et al., 1951), a reaction that seems to be

3
]
4

inhibited by water (Schroeder et al., 1953).
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It must therefore 5e noted that the réte of gastric
emptying is clearly a determinant'ﬁii the #ate of
absorption of a substance and that the latter in return
way also affect emptying. Thus digestibility is a
variable of first importance to the determination of
nutritive value, particularly so since the methods for
Jetermination of nutritive value of proteins are designed
to measure the degree of retention of that portion of the
dietary nitrogen which is absorbed into the body of the
animal. The nitrogeﬂ retained is determined as &

function of growth, nitrogen balance ox rep?etion

measurements of the whole or parts of the aﬁimal.

e — — -

Es——_———e et R
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1.40 Aims of the Present Study

Many developing countries, Nigeria incl;sive, are
probably protein poor. One potentially largé'source of
supplementary protein is legume grains, which are already
part of the people's diet, but they are known to contain

proteolytic enzyme inhibitors that decrease ﬁigestibility

and inhibit growth.

In Nigeria, consumption of legumes (Cowpea - Vigna

unquiculata) is relatively high, although this could be

increased several folq if some of these offénding factors
such as digestive inhibitors and flatus facﬁors are
greatly reduced or removed,lespecially nOW'ghat National
and State banquets and first class hotels have on their
menus, bean ('Gbegiri - Yoruba) soup as a sgbstitute

or alternative choice to foreign soup cours;s (in a

bid to be self reliant) and moreover, bean ﬁeal as a
posSible weaning food. This is even made more

pertinent by the findings of Gatehouse and Gatehouse
(1979), that insect resistance in the cowpea is due to
an elevated level of trypsin inhibitor. Th;se findings
would undoubtedly encourage the plant geneticists to
produce insect resistant varieties in orde& to reduce
post harvest loss due to insect infestationé. Information

on the possible nutritional effect of such a venture is

now more urgent than hitherto.




-57~

' ' n
Most studies up to date on the anti-nutritive factor?

of legumes have been oOn soybeans and Phaséolus vulgaris. i

arssnp—

The few (Onayemi et al., 1976; Venkataraman et al., (1976)
i |

Bressani and Molina, 1977; Owusu-Domfeh, 1972,

Carasco; 1976, and.Gatehouse and Gatehouse, 1979), there

are on cowpea, have not looked into the wﬁys our
|

traditional culinary methods affect the nutritive

quality of our local beans.

Much attention has been given in the :past to the

destruction of the well known anti-nutritional factors

in legume foods by some sort of heat treagment. Likewise

some reports have focused on the establishment of
nutritional standards (Hulse et al., 1977) which
besides protein and specific essential amino acids,
include other characteristics related to agqeptability
and ease of preparation for consumption. Even though
the amino acid profile is important in evaiuating the
nutritive quality of a protein, the digestibility of
that protein is the primary determinant of the
availability of its amino acids. Legume grain proteins
has been known to have low digestibility, thch has not

¥

been adequately explained.

The aime of this study therefore are to:

'
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1) Find out the protein content of some of ﬁhe most

locally consumed varieties of cowpea.

2) Determine the level (s) of anti-nutritive factors

(Trypsin inhibitors, Polyphenols, and Tannins; and

phytohaemagglutinins - lectins) present therein.

3) Determine the effect(s) of contemporary Nigerian

culinary processes on these factors.
4) Determine the effect of these culinary procesges On

the digestibility of the bean meal. i

5) Finally, to attempt to give explanation%s) for the

likely decreased digestibility of the cowpea protein

even when they are cooked to the point at which all the

known toxic factors have been destroyed, and give

possible suggestion(s) for improving the digestibility.

it



CHAPTER 2

~

EXPERIMENTAL

Mater%als and Methods

We all stand on the shoulders of our pre-
decessors, is it surprising therefore, that we have

a wider view than they?

L

F.A. Kekule
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MATERIALS

2.10 Biological Materials

Seeds of Vigna unguiculata, (Local Brown: Ife

‘ 2 X ‘ :
Brown, or Ibadan Brcwn(1 ): Local White:; Ibadan White:

Igbirra: Mala{7'13): and Ewa Ibeji(s'a) varieties

Ojome private communication) were purchaSed from three

major markets (Iddo, Badagry, and Agege) in the Lagos
each of, |

State of Nigeria. Each variety fromlthe respective

market§ were pooled together, mixed tO obtain a near

representative sample of what goes into the homes. These

samples were used throughout for the regspective assays.

The patients that took part in the metabolic studies

were volunteers in-patients of the Orthopaedic Ward of
fhe Lagos University Teaching (LUTH) Hospital by kind

permission of Professor Jaja.

in good health except for simple fractures, sustained in

motor accidents. My family and myself vol@nteered as
controls.

2.12 Chemicals and Reagents

Except for those listed below, chemicals were

obtained from British Drug House$ (BDH) Ltd., Poole,

Dorset, England or Hopkin and Williams Ltd;, Chadwell

t

These were in all respect

Figures in parenthesis represent the varietal types in

Appendix I.
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Heath, Essex, England. They were of analytical grade, or

nitrogen free where necessary.
The water used were all glass distilled, using the
Super Four Autostills supplied by Jencons (Scientific)
, Ltd., Hemel Hgmpstead, England.

Sepharose CL 4B, was obtained from Pharmacia Ltd.,

Uppsala, Sweden.
Dimethyl sulphoxide (DMSO) puris was obtéined from
Koch-Light Laboratories Ltd., Colnbrook, Bucks, England.

Dairy hyprochloride (11.5% w/w) from Boots farm Sales

Ltd., Nottingham, England.

Trypsin (T8003) from Bovine pancreas, acdtivity
approximately 10,000 BAEE unit per mg proteiﬁ: Trypsin
inhibitor (T9003 type 1-S-~1lyophilized from soybean
activity 1 mg inhibite 1.3 mg of trypsin with activity
approximately 10,000 BAEE unit per mg protein; Peptidase
(P7625) grade 1 from Porcine intestinal muéosa, activity
15-25 unit per gram solid; Chymotrypsin (¢7762) type
1-S§ from Bovine pancreas, activity 40-50 uﬁits per mg

protein. Catechin; a—N;BenzoylnDLrargininé—p—nitro—
anilide HC1l (BAPNA), and Tris (hydroxy mefhyl) amino-
methane (TRIZMA BASE T-1503) were obtaine:"d from SIGMA
Chemical Company, St. Louis, U.S.A. of Fancy Road, PooleJ

Dorset, BH17 7MH, England, whenever available.
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Kjeltabs Auto containing l.5g K2504 and 7.5 mg
selenium used in the total nitrogen analysis were

obtained from Thompson and Capper Ltd., Runcorn,

Cheshire, England.

2.13 Instruments

The beans were either cooked on a gas oi electric
cocker, till soft. Cooked bean samples wgre;freeze dried
on an Edwards Modulyo freeze drier Model EPO3, supplied
by Edwards High Vacuum Ltd., Manor Royal, Cfawley.
Sussex, RH16 2LW, England. I

Cooking temperatures were taken using.éaileys
electronic thermometer, model BAT-4, suppliéd by Bailey

Instrument Co. Inc., Saddle Brooke, N.J. 07662,

The extracted polyphenols were either concentrated

or solvent distilled off under vacuum, using rotary
ot = - - ,

evaporator (Rotavapour-~R-Buchi) with high vacuum pump

supplied by Edwards High Vacuum Ltd.

Fractionation of the peclyphenols on 7 x 1 cm column
was done using LKB Minivac fraction collector 17000,

supplied by LKB-Produkter AB-5-16125 Bromma 1 Sweden.

Weighings were carried out on either Mettler H51 |

microbalance, or Qertling (micro or top loading) balance .
J

as the occasion demanded.
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All pH measurements were carried out using pH meter

7020 supplied by Electronic InstrumentgLtd., England.

— e L

All glasswares (rimmed, rimless, boiling and

centrifuge) test tubes, pipettes, beakers, and volu-

metric flasks were either acid or decon 90 washed, tap

water, and distilled water rinsed, and hot air dried.

Test tube mixing of solutions !wasi done using
Whirlimixer supplied by Fisons Co. Both macro and

micro digestion of samples used in nitrogen estimations
These and

were carried out on macro and micro digesters.

the water bath used were supplied by Gallenkémp.

The bean samples were milled using Janke and Kmnkel
mill with cooling water jacket. The test sieves (BS410,

425 micron ASTM36 mesh) Qas supplied by Endcott Ltd.,

London, SW 19. Milled samples were stored in Kilner
air-tight jars. ' [
r
All optical density measurements were carried out I

| 5

F

either on Perkin-Elmer 402 u.v.-visible spectrophotometer

or a Pye Unicam SP800 spectrophotometer with attachment f‘

Speedomax recorder model XL68l and a Gilford 2000

spectrophotometer attachment.

Food and faecal samples were dried over reflector
hoara overnight ! until constant weight
S r e .

“Tamps in a fume cup
e e e v A - —

was obtained.
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Nitrogen analyses were carried out on either
Gallenkamp macro digester and distiller followed hy
tifrimetric method, or on a MacFarlane Rcbson cérlo Erba
Model 1510/3 with a speedomax recorder model XL681

attachment after micro digestion, by courtesy of. the

Botany Department, Durham University.
The extracted seed protein was clarified by spinning
at 16,000 rpm on an MSE18 centrifuge at 4°C. In vitro
digestibility, measured as a function of pH d;Op from the
protein chain when proteolytic enzyme was addéd, was
recorded automatically over a 10 minute peribﬁ using
PHM61 Laboratory pH meter, with TTT60 titrator, ABUL3
autoburette and REC61 servo graph attachmenté (REA160
tetrigraph module):- pH stat, supplied by V}A. Howe &
Co. Ltd., 88, Peterborough Road, London, SW6, England,

by courtesy of the Botany Department, Durham University.
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METHODS

2.20 Preparation of Bean Meal

samples of the dry beans were subjected to!

different methods of preparation and cooking that are
commonly used throughout Nigeria. These methods include:

*

a) Boiling: Boiling'wasidone according to the local
conventional method which involves the stewing of a known

weight of dry bean (Local Brown, Local White, or Ewa

Ibeji varieties), to which a meéasured amount of water was
added. This was brought to boil in either enamel or
aluminium cooking pot over a gas or electric stove until

very tender to touch and the cooking water dried up 1in

the cooked beans., The time and volume of water reguired
i{wérer noted. For the human feeding experimegt the cocked
beans were garnished with other ingredients as in
This is the familiar

(page 129)
Appendix”~ Ithﬁ‘make it appetlslng.

preparation of dishes like Bobo, cowpea porrldge,
rice and cowpea, cowpea and plantain pottage, Frejon,

Egwa Hikaje, Adalu and Awuje - Dovlo et al,, (1976)

) Steaming/Frying in oil: Dry beans were soaked in

ordinary tap water for about 30 minutes to remove the

The cotyledons are then homogenised in a blender

testa.
The paste is then mixed with ingredients

to a fine paste.
(see Appendix III), air whipped, and either deep fried in

R S
B T .
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' balls, or wrapped in special

vegetable oil to make 'Akara
This process

leaves and then steamed to make 'Moin~-Moin'.

of removing test®& and homogenising the cotyledonson a
grinding stone or in a blender is a common step . to other

(Gbegiri, Jogi, Ekuru, Ikoko, Apapa, Adayi, Kengbe)
t g_]_-”’-' (1976).

culinary preparationsof cowpea meal Dovlo et
‘.l_.—m-—.
Only the Loc¢al Brown and Local White varieties are| used

in this way. The Ewa Ibeji variety is only used for

stewing.

2.21. Preparation of Bean sample

The bean samples used in this study were:prepared as
, and instead

in above except that no ingredient was added

of wrapping in leaves as in Moin-Moin preparation or deep

frying as in Akara balls preparation, the decorticated

beans were heat (stewed) treated In each case, the

cooked bean and the cooking water was frozen and later
freeze dtied in the Modulyo-freeie-drler.
Tha dried (raw and processed) beans were milled

in a Janke and Kunkel water cooled mill to pass through

gieve of 425 microns mesh gize

The milled beans were then stored in Kilner jars

from where samples were taken from time to time for

analysis.

2,

T e —n

B S
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2.22 Determination of Moisture in sample

Weighed duplicate samples were dried for 24 hours at
105°C (until a constant weight was obtained) allowed to

cool in a dessicator and then reweighed to determine

moisture content by difference. i
BT

2.23 Determination of ratio of testa to cotyledon -

A weighed amount of dried bean was soaked for 30

minutes in 60% (v/v) ethanol, the testa gently removed by

rubbing between the palm., Both the cotyledon and the testa

are then dried separately in an oven 105°%c for 2% hours

and the weights noted.

2.24 Determination of Total Nitrogen Content

The method used is a modification of Varley's (1966)
by Evans and Boulter, (1974), and consists in réacting a
solution containing ammonium ions with alkaline phenol
énd hypochlorite. On heating the solution, an intense
blue colour develops which is closely related to that of

jndophenol, and read at 625 nm automatically.

Duplicate samples (40 to £0 mg) were Qeighed out
into paper cups and then dried at 105°C for 2 ﬁours to
determine their moisturg content, For digestién, the
sample together with a couple of glass beads, and one
Kjeldahl tablet were placed in a Kjeldahl flagk. Then

5 ml of 95% (v/v) H,S0, : 5% (v/v) H,PO, were added

——— - .

T T s i
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graduwally followed by 3 ml of hydrogen peroxide, and the
mixture digested on Gallenkamp micro-Kjeldahl digéstion
stand until the ;olutiOn was clear (this takes abéut
40 minutes). Flasks were removed, cooled, and thé contents
transferred to a 100 ml volumetric f£lask and madé-up to
volume with ammonia free distilled water. Duplicate
analyses were run on the Carlo Erba autoanalyser.
Nitrogen values were obtained from a calibration;curve
constructed using standard (9.6 to 15.89 ppm N) tyrosine
solution.

The efficiency of the operation was monitoﬁed by
putting through the entire procedure, analyticai grade

urea, and correction factors made accordingly.

The macro-Kjeldahl method involves the conversion
of the protein into ammonium sulphate by the éétion of
concentrated sulphuric acid and a catalyst (poﬁassium,
sulphate, mercuric oxide, cupfic sulphate mixture). The
ammonium sulphate formed is reacted with strxong alkali
and the ammonia evolved, is distilled into a ﬁeak 5%
boric acid containing mixed (1% bromocresol géeen and
1% methyl red 2:1 v/v) indicators. This (amménium
borate) is later back titrated with 0.0lM hyd?OChloric
acid. The nitrogen equivalence (1 ml of 0.0IM HC1l =

b

1.4 x 10*4gN) and efficiency factor, using urea as

standard are worked out, and applied to the test runs.
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Blanks were put up using analytical grade sucrose. This
is the method used for Food and faecal nitrogen
estimation.

The crude protein contents were calculated by
multiplying the total nitrogen £figures by a factor of

6.25; in both methods employed (Table 3.02).

2.25 Extraction of seed Polyphenols

Experiments were carried out to ascertain the best

system of extraction of cowpea polyphenols. Solvents

like water, methanol, methanol and water (60:40 v/v)

mixture and dimethylformamide were used.

The effect of using whole grain or ground grains
was also looked into: (Table 3.03).

The most appropriate solvent (Dimethylformamide) as

’

judged suitable for cowpea tannin extraction, by this
experiment, was used for extracting the chemically

extractable polyphenols (in raw and processed meal)

prior to analysis. The residual bean meals were vacuum

dried and later freeze dried. These were respéctively

"

referred to in these studies as "Extractable Tannin Free

fractions.
The procedure involved taking a known weight

(5q for whole seed, or lg of ground seed) of céwpea in



i

Fiqure 1
Typical absorption spectrum of Folin and Denis
Colour Reaction using Perkin Elmer 402 spectrophotométer.

i S
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a conical flask or test tube as tﬁe case may be, and to
add ten times its weight of the respective solvents. The
mixéure is left at room temperature with occésional
agitation for up to 3 hrs after which thecoioured

liguid is pipetted off, centrifuged for clarity, and

analysed for both 'tannin-like' and 'catechin-like'

polyphencls.

2.26 Assay of Cowpea Polyphenols

Both hydrolysable and condensed tanningwere
assayable from cowpea extracts, using the rédox method
of Folin and Denis (Burne, 1963) with slighﬁ modification,
and the improved vanillin assay of Price et gl., (1978) }
and Dalby and Shuman; (1978) which is specific for a
narrow range of flavanols and dihydréchal—cbnes which have i
a single bond at the 2,3 position and free meta or lentedr
hydroxy groups on the B ring (sarkar and Howarth, 1976).

The values were expressed as elther tannic acid or ,

catechin equivalent in mg per 1O0g dry sample (Table 3.05).,

(a) Cyanogen Bromide Activation of Sepharose CL 4B and

R SR,

the coupling with BSA for Affinity Chromatography

This was carried out using essentially the !
simplified method of March et al.. (1974). The procedure
involves taking a 60 ml of sepharose slurry in water (when

fully packed this gives a 50 ml packed sepharose which is
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equivalent to 1 vblume) for packing under pfessure us ing
sintered glass funnel. The packed sepharosé.is washed
with distilled water, carefully scrapped off the
sintered glass funnel, into a measuring cyl%nder and
made up to 100 ml with distilled water. This was added
to 100 ml (1 vol) of 2M Sodium Carbonate in a litre
plastic beaker and mixed by stirring slowly using magnetic
stirrer. The rate of stirring was speeded up on the
addition of 5 ml (0.05 vol) of an acetonitr}le solution
of cyanogen bromide (100 g df CNBr per 50 ml of aceto-
nitrile). The slurry is kept stirring vigo;ously for

2 minutes after which it was poured onto a sintered glass
funnel, filtered under pressure, washed with 5-10 volume
each of 0.1M Sodium éarbonate pH 9.5:; disgilled waﬁer:
and 0.2M Sodium Carbonate pH 9.5. After tﬁe last wash,
the slurry was filtered still under vacuum:to a moist,
compact cake and trapsferred to another plastié bottle
containing 200mg (0.2g).albumin dissolved én 100 ml of
0.2M Sodium Carbonate pH 9.5. The bottle was rotated
end-to-~end for 20 hrs., at 4% for coupling, After
coupling, the beads were washed Qith 20 vol each of
0.1M Sodium acetate (pH 4), 2M urea, and O;lM Sodium
picarbonate (pH 10) and 0.5M Sodium chloride. The

activated, coupled, and washed sepharose peads were

L T



Fiqure 2
Effect of different solvents on tannic acid. calibration
curve

A. Dimethylformamide (DMF)

slope (K = 9,254)

B. Methanol
slope (K= 9.89)

C. Methanol/water (60:40 v/v)
glope (K = 9.37)

D. Water
glope (K = 8.77)
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stored at 4% in a plastic bottle containing the buffer

(Acetate buffer pH 4) to be used, until reéuired.

[ SV

Optical measurement at 280 nm of the céupling
buffer aftér reactiop, indicated that'almdst 70% of the
albumin had been bound. The effectiveness of the bound
beads was tested using commercial tannic acid loaded
into a column. of thé beads. The tannic substances were :
eluted with 3 ml di@ethylformamide - 0.05M acetate buffer
pH 4.0 (7:3 v/v) as.is to be used in the experiment.

This gave a recovery of between 98% and 100% (Figure 4).

(b) Separation of Tannin from non—tannin'pplyphenolics

using Affinity Chromatography E i

The method with slight modification was that used
by Hoff and Singleton (1977). The separation is achieved
chromatographically by taking advantage of' the ability of
tannins to complex with proteins., The extracts are
passed through a small column (7% 1.0 cm), of immobilized
protein. The tannic substances adhere to ﬁhe column
while the remaining:substances including simple poly-
phenolics that have no affinity for proteins pass
unhindered through the column, The tanniq substances
are eluted with a solution containing dimetﬁylformamide,
and can then be quantified using the modified Folin and

Denis (redox) method. Results as shown in Table 3,05.
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2.27 Extraction and Determination of Trypsin Inhibitory
Activity

Both the extraction and determination of trypsin
inhibitory activity in raw and processed bean samples
were in accordance with the improved procedure of

Kakade et al., (1974) with slight modifications.

The method involwves extractiﬁg'ZOO mg finely ground
(425 micron) sample with 10 ml of 0.0lN sodiuﬁ hydroxide
(suspension pH 9 - 10.2), in screw capped sample bottles,
at room temperature with occasional agitation for 3 hrs.
At the expiration of 3 hr, portions (0; 0.6; 1.0; 1.4
and 1.8 ml of the bean suspensions were pipéttéd into
duplicate sets of test tubes and adjusted to 2.0 mls
with distilled water. A control/standard, commercial
soybean trypsin inhibitor was similarly treated} After-
wards, 2 ml of trypsin solution were added to0 all the
tubes. The extracts and trypsin were mixed, and placed
in water bath at 37° for' 5 minutes. At thé end of
5 minutes, 5 ml of.0.04% (w/v) BAPNA solution previously
warmed to 37% was added to each tube, and exactly 10
minutes later, the reaction was terminated by adding
1 ml of 30% (v/v) acetic aéid. After thorough.mixing,
the contents of each tube was centrifuged and the &

absorbance of the supernatant read at 410 nm (the opt imum

. R



Figqure 3
A typical Folin and Denis (tannic acid) calibration

curve for polyphenols. Standard made up in dimethyl-
formamide (DMF)
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abgorption spectrum of p-nitroanilide - Fig. 9).

Reagent blank was prepared by adding 1 ml of 30%
(v/v) acetic acid to a test tube containing trypsin and
water (2 ml each) before the 5 ml of 0.04% (w/v) BAPNA

solution was added. i

Endogenous BAPNA-ase activity was monitored by
incubating 5 ml of 0.04% (w/v) BAPNA with 1.8 ml of the
raw bean extract adjusted to 4 ml with distillgd water,
and incubating the mixture at 37°C for 10 minutes, and
then adding 1 ml of 30% (v/v) acetic acid so;ution.

There was no appreciable absorption at 410 nm.;

Expression of Activity

One trypsin unit (TU) is arbitarily defined as an

increase of 0.0l absorbance units at 410 nm per 10 ml

of the reaction mixture under the conditions used herein.

Trypsin inhibitor activity is expressed in terms of
trypsin unit inhibited (TIU). The reference §0ybean
trypsin inhibitor activity was similarly used as
eguivalent unit of expression. Results as indicated in

Table 3,06,

ok
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2.28 Effecf of Tannic acid/Catechin on tryptic activity

From the results obtained from 2:27 procedure, it
became necessary to look into the possible effect of both
hydrolysable (as typified by tannic aciﬁ) and condensedt
(as typified by catechin) tannins on trfptic activity

of BAPNA.

The experimental materials were seiected to
stimulate probable biological parameters;{ Tannic acid/
catechin solutions ranging between 0.8 and,4 mg (4.7 to
23.5 and 22.1 to 110.3 x 10'-4 ™M respecti&ely) were
incubated with trypsin (40 pg) as in 2.27 and the
hydrolysis of BAPNA allowed to continue for 10 minutes
after which the reaction was stopped by the addition of
30% (v/v) acetic acid, centrifuged and abso#bénce read at'
410 nm. Trypsin inhibitory activity was meaéured and this %

is expressed as percentage as indicated in Figure 11,

The second experiment stemmed also from the foregoing
findings. It was designed to (a) determine the effect of
protracted (7 lhr) cooking time on the level of trypsin
inhibitor; (b) the.contributory effect of endogenous
polyphenols before and with increasing cooking period

on the inhibition of trypsin if any.

For these experiments, cowpea (Vigna unquiculata)

Local brown variety was used. The reason being that this
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Local Brown tannin extract
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Column dimension
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Tannic acid recovery 95 - 100%
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i
variety has moderate level of polyphenol, it is the most

versatile - Ojomo (1968}, and the pigmentation appeared
easy to remove by gentle scrapping without touching
the cotyledon when compared to others - Ewa Ibeji

variety.

A portion of Local brown variety was "detannined”
by gently scrapping off (with a sharp scalpel)} the light
brown colouration without touching the cotyledon. 1In all

about 80-90% efficiency was achieved,

For the experiment proper, 5g each :.0f the whole
grains and the "detannined" grains wereieach weighed :
out separately in boiling tubes, in seveh'places to
correspond to O; 15; 30; 45; 60; 90 and 180 minutes

{cooking t imes) respectively.

Into 15 and 30 minutes tubes were added 10 mls

of boiling distilled water and into 45 to 180 minutes

) . : : i
tubes were added 20 mls (proportion of water needed for

proper cooking as judged from previous experiment) of
boiling distilled water. All the tubes were then stood

. -
in boiling water in a cooking pot, only to be taken out i
at their respective cooking periods. Noﬁhing was done

£0 both zeroc time tubes.

At the expiration of the respective cooking times,

the boiling tubes were quickly cooled under running tap
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water, after which, all the tubes (together with the
cooking water) including the zero timed, were frozen
in liquid air, prior to freeze drying.in the Modulyo

freeze drier, for a period of four days.

The freeze dried bean meals were afterwards milled
to pass thfough 425 micron sieve., Samples frém these
were taken for trypsin inhibitor assay, as detailed in
2.27. A summary of the results is illustrated in

B
Figure 12./(page }lz)jﬁ

2.29 Extraction and measurement of;phytohaemagqlqtinin

{(Lectin) activity
Phytohaemagglutinins were extracted from finely
?__._____,,,__.b._._.-”—-‘

powdered samples (425 microns) by suspendlng powdored bean!
in 1.0ml’
of” phosphate buffer saline for 3 hrs with occa51onal
agitation. The extraction residue was removed by : '
centrifugation for 5 minutes at 3000 xg. ' The super-

natant was used for the determination of the phyto-

haemagglutinin activity.

Phytohaemagglqtinin activity was detérmined by the
agglutination of a 2% (v/v) suspension of rabbit
erythrocytes in phosphate buffer saline. . The assay was
conducted by micro-titration plates by sé:ial dilution
of an extract of the phytohaemagglutinins, with a‘visual,

estimation of the end point after 2 hr. A positive
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Absorption spectrum of vanillin-HCl Colour Reaction

using Perkin Elmer 402 spectrophotometer.
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control using concanavalin A was similarly put up.

2.30 Determination of apparent in vitro Digestibility

of Crude Protein

The in vitro methods used are slight modifications
of that of Hsu et al., (1977), using a multienzyme systém.
The multienzyme system consists of trypsin, chymotrypsin
and peptidase. In the original method, it was found tha£
the pd of a protein susﬁension jmmediately after 10
minutes digestion with the multienzyme solution was
highly correlated with the in vivo apparent digestibility
of rats. Regression analysis of 23 samples tested showedi
+hat the correlation coefficient between pH at 10 minutes '’
and in vivo apparent digestibility was 0.90'with a
gtandard error of estimate of 2.23. The method is
reputably sensitive and claimed to detect the effects of
trypsin inhibitor, chlorogenic acid, apd heat treatment
on protein digestibility. Strong buffer salts are known
to affect the measurement of protein digestibility, but it L
was claimed that the buffering effects found in general

food proteins and products tested did not create any

problem with the procedure.

In a typical experiment, 10 ml of agqueous bean meal
suspensions (6.23 mg protein/ml) in glass distilled water

were adjusted to pH 8.0 with O.1N HCl and/or'NaOH, while



enzyme solution was then added to the proﬁein suspension :
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i
|

e ;
stirring in a 37°C water bath. The multienzyme solution ;

(1.6 mg trypsin, 3.1 mg chymotrypsin, and 1.3 mg }

: |
peptidase/ml) was maintained in an ice bath and adjusted |
to pH 8.0 with O.1N HC1l and/or NaOH; 1.0 ml of the multit

?
which was being stirred at 37%. A rapid; decline in pH ;
occurred immediately. This was caused by. the freeing of |

amino acid carboxyl groups from the protein chain by the E

proteolytic enzymes. The pH drop was recprded ;

automatically (using the pH stat) over a 10 minute period:

i

The graphical relationship of pH drob'against time .

|

+

was determined for the various bean meal breparations.
This was compared with those of casein, and potato proteié

of known|true digestibility values (courtésy of Mr. M.D.

Eyres, Department of Agric. Biochemistry,éméwcastle
i

University), similarly treated. The regréséion equation
!
210.46 - 18.10X,; where X, equals pH at 10 min was
! '

3

L e mpe———

used for the calculations.

The buffering capacities of the various bean meal ﬁ

pmeparations3§£§£determined by slowly titrating a 10 ml

F

b

suspension (pH 8.0) of each meal with 0.0?96,N HC1l to ;
. . H

! ‘ : [

pH 6.45 over a 10 minute period. The amount of acid

consumed was used as an index for the buffer capacity of

+

the protein source. All analyses were in%duplicate,

i
t

- summary of result as in 3.08, , ' :
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In the other modification of this multienzyme
system employed, 5 ml of buffered bean meal sﬁsﬁension
(6.25 mg/ml) in phosphate buffer (0.1M KH2PO4/NaOH)
pH 8.0, and 0.5 ml of equally buffered multienzyme
(1.6 mg trypsin, 3.1 mg chymotrypsin and 1;3 mg:peptidase/
ml) pH 8.0 were-incubated at,37°c for’3 hrs, and hydrolysis

'

allowed to proceed at this temperature. After.3 hrs the
reaction was stopped by the addition of 2 ml aéueous '
10% w/v trichloroacetic acid. The solutions were ;
whirlimixed, allowed to stand for 30 minutes %nd then .
centrifuged. The supernatants were analysed ﬁy Kjeldahl |
method to determine the TCA-soluble nitrogeﬂ released by
hydrolysis. Reagents controls were put up congéining
inactivated trypsiﬁ (addition of trypsin after TCA). All

samples were done in éuplicate and éllowance made for

reagent controls.

£

casein, potato protein and egg albumin:of known true !

digestibilities were similarly treated. The percentage
hydrolysis was calculated as a fraction of the equivalent

amount of unhydrolyzed protein or bean meal put through
L

Kjeldahl for total nitrogen.fResults, are;as tabulatedjm*

i Tabie 3 09 (page Jlb)j

T 2, -

2.31 Human Feedinq,Expe;iment

It is generally admitted that the availability of

the different amino acids may vary within the same feed-
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stuff, and that several of the indirect biological tests
employed as indices of nutritional value of dietary
protein suffer from some degree of inaccuracy, whilst the
ultimate procedure is practical feeding tests with the.
respective animals on which production]is to be done

as a necessary step to verify data c@ilected in the
‘laboratory.

To this end, it was thpught necessary to look into
the nutritional fate of beaﬁ meal as consumed by Nigeéians.
The technical difficulties and costé éssociated with éuch
an exercise were too familiar, but thé exercise was
remodified from the standard nitrogen balance experiment
involving trials at different levels of proteiﬁ intak;
to only what happens (as regards "crude" gut transit?times
as well as apparent digestibilities) to bean meals
subjectedtéo different culinary processes sSince human
beings eat food and not diet. As there is no metabolic .
ward designed for such a study, the cbvious choice then
became patients that could be relatively controlled

dietarily, these being orthopaedic patients.

In practice, the procedure involved preparing bean
meal as whole grain (washing and boiling or soaking for
1 hr and throwing away the goaking water prior to boiling)

(page 128)
and as Moin-Moin - Appendix III,\ Thé” ingredients added
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Inhibition of Catechin/Vanillin-Hydrochloric ac¢id

colour reaction by some solvents (DMF and Water)
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in the three procedures were the same as in Appendix IV.
(page 1287, |

The T.deal Brown variety was used. The rationale behind
this, is to see if tannin and/or bean seed coat has any

appreciable effect on gut transit time and thereby

indirectly influencing digestibility.

Volunteer bqtients after an overnight (14 hrs) fast
Qere dished out Qeighed-quantities 6f bean meai as much as
each wanted. Before and after the meal one activated
charcoal tablet (supplied by Merck Pharmaceuticals) each
was given to subjects to swallow with water. No other
meals were allowed except water until approximately 6
hrs later. Any leftover (plate waste) was weighed an§
the weight taken out of the original portion. A port50n
of the meal was taken to the laboratorf fér analysis
(ﬁoisture and ﬁitrogen content). The subﬁects and nu%sing
staffs were asked to look out for all:dark stools, These

were collected free from urine contamination, and the,

times passed equally noted,

In this study all the marked meal was deemed to have
fully paséed through immediately brighter stools start
appearing. The 'crude' gut transit time for thé wmarked
meal is taken as the mean of the time the first marked
stool was passed, and the time the last marked stool

appeared. Each procedure was done in duplicate. The’
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A typical calibration curve for Catechin-Vanillin/
Hydrochloric acid. Standard made up in methanol using

Perkin Elmer 402 Spectrophotometer and 1 c¢m light path.
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Il

stools were all reflector lamp dried and samples taken
for nitrogen estimation by macro Kjeldahl methods.

Apparent digestibility was calculated as:-'

Total Nitrogen Intake - Total Faecal Nitrogen X100
Total Nitrogen-intake '

collated results as in Table 3.,10.

2.40. Statistical Analygis

Data were subjected to a non-parametric statistics
(Mood et al., 1974) in assessing correlation between the

catechin level, Trypsin Inhibitor levels and Multiple

enzyme hydrolysis of the bean meal under studies.



'
CHAPTER 3 .

RESULTS AND DISCUSSION f !

It is after all as fallacious to believe that
lack of convincing evidence is proof of no effect as it
is to urgé the indiscriminate human consuﬁption of any
substance purely on’the basis of a theoretical

rgument or an animal experiment.

T.W. Aderson {1977) '

v
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3.10 General characteristics of cowpea

Several general characteristics of cowpea (Vigna

unquiculata) found during the traditional -culinary

preparation of cowpea meal in this study are presénted in

T TR ‘
Table 3.01(p2gg 957
The various varieties are unique in size and weight,’
generally ranging between 12 to 30 gram per 100 seeds.
It appears that seeds that are not within the average

‘

weight and size of its variety abort insﬁead of developing
to maturity.

The moisture content of the beans aé bought from thé
market ranges between 9 to 10 per cent. ' The nutritionalé
importance of this low water content couid only be |
speculative in the light of Carpenter et al., {1962) '
finding that the loss of available lysine was greatest a£
5-14 per cent moisture. Thus suggesting that drying tofa

—

moisture content below |5’ per cent should only take place

]

when absolutely necessary. In the caselof cowpea, this.is
absolutely necessary especially in the humid tropics, iﬁ
order to prevent post harvest loss due to mould grov.\r‘*t:h.-j
On the other hand high available lysine has been reportéd
in cowpea dishes of Western Nigerians,;Annegers (1974) .

Therefore the low or reduced moisture has not resulted in

an appreciable loss of dietary lysine.'



Figure 9

Typical absorption spectrum of the p-nitroanilide

liberated from BAPNA (maximum absorption at 410 nm).
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However, Miller (1956) reported that dry materials
are resistant to heat. In this study, most cowpea
dishes cooked within 2 hrs, although it was found Sut
that pre-soaking the beans in cold water reduces the
cooking time by about 1O to 15 minutes. Using household
pressure cookers was also found to reduce cooking time
and preserves flavour. The ratio of bean to cooking
water being in the neighbourhood of 1 part of dry seeds
to 2.5 - 3.0 parts of cooking water, giving a final
cooked product 2.5 to 2.7 times (wet weight) its
original dry weight, depending on the variety. It must
be borne in mind however, that prolonged storage and the
several procedure employed in processing of cowpea can
have deleterious as well as beneficial effect on protein
quality. The principal factors involved are the duration
of heat treatment (as it operates in Nigerian tra;itional
way of 1ife - repeated day to day warming of food),
temperature level and the presence of moisture and
reducing substances. The content and availability of

several amino acids may be affected during processing -of

this type.

Moderate heat treatment on the other hand
facilitates the enzymatic decomposition of the proteins
and thus improves digestibility. Heat treatment can

also result in the decomposition of hydrogen bonds,’
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salt bonds, and peptide linkages, thereby increasing the
number of reactive groups in the protein mélecule, in
addition to inactivating enzyme inhibitors énd neutralisingf
toxic substances (Lang, 1960 and Bender 1970). The
improvement of tagte by the formation of various aromatic
substances is another beneficial effect brogght.about by

heat treatment.

Most of thé cooked (whole bean & moin-moin) cowpea
dishes contains between 60 to 70 per gent moisture. This
illustrates the importance of water to the bhody, both
from the point of view of structure and funcﬁion. Water
is the solvent of most of the constituents of the living
cell, it is the vehicle that transports nutrients to the
cells, the medium wherein all chemical changes take place
and solvent wherein the end-products of these chemical
changes are discharged from the body. The functional
efficiency of the digestive tract, the normal production
of the digestive juices, the normal absorption of food and
the normal action of the ?owels may be cited as
conspicuous examples of the need of the body for adequate
supply of water., Insufficient ingestion of wa%er gives
rise to headache, loss of appetite, disturbance of |
digestive functions and of the action of the bowels,
nervourness and impaired capacity for work, mental or

physical. Its composition and function in the diet



Table 3.01
General Characteristics of Cowpea (Vigna unquiculata)

Table 3.02

Crude protein content of the most relighed cowpea varieties

from Nigerian Markets. Raw and cooked respectively.
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Local Brown{raw)| 910 | 6265 | 125 | 100-104 | 7090 | 18-20g | 35-40
Local White (raw)| 910 | 6265 | 125 | 100-104 | 70-90 | 26-27g | 47-50
Ewa Ibeji (raw) 910 | 6265 | 13 | 100-104 | 120150 | 12:5-13g
Cooked Bean 62-65
Moin - Moin 69-70 60-80
3 0
0, @
" G.Protein/100g . G.Protein/100g
4] 0
VARIETIES % Nitrogen |, ogiarywt | 22 NO9eN | x25)dry wh
Local Brown 403 2519 A 2588,
Local White 3-96 24-75 420 2625
Ewa lbeji (Avariety)|  4-50 2813 440 27-50
Ewa Ibeji{Bvariety)] 460 2875 475 2969
RANGE L6-396 | 2875-2475 L75-414 | 29-69-25-88
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therefore, presupposes that water could be regarded in

. L}
a strict sense as food.

3.20 Protein content

The crude protein contents of the varieties of
cowpea (raw and processed) under study are presenﬁed in
Table 3.02. The crude protein content ranges between 25 and
29 grams per cent in the raw, and 26 to 30‘gram per cent iﬁ
the processed cowpea respectively. The slight increase
in crude protein content, as a result of processing is
due to damage (gelatination) to starch grains,rresulting

in relative increase in nitrogen to carbohydrate.

However these figures should be interpreted with

caution, in view of the method used.

The Kjeldahl method employed estimates the total
nitrogen which is converted to total crude protein by means \
of an empirical factor (x6.25), which depends on the
-pr0portions of the various nitrogenous compounds present
in the partieular food. The figures therefore'include
non-protein nitrogen but nitrates, nitrites, nitroso
and nitro-compounds for instance are not estimated by the :
procedure. When these figures are compared with those of
animal proteins, it becomes clear that cowpea has higher
total nitrogen content. This is explainable on the basis

of the amino acids which differ from those of animal



-97-

proteins. There are more basic and dicarboxylic amino
acids in plant.proteins with a conside:able part of thé
carboxylic groups present in amide form, hence the tot#l'
nitrogey conéent'of plant proteins aré higher than thoge

of animal proteins (Agren 1970).

3.30 Extraction and Determination of Polyphenols

The experiments using different solvents (water,
dilute methanol, 1L00% methanol and dimethylformamide),

together with various studies in this thesis show that

[} i

most seed polyphenols are localized in the tissues othef
than the cotyledons (e.g: the testa). Seeds having buff,
or white testae had small amounts of both hydrolysable “
and condensed tannins as compared to the Eighly pigmentéd

(darker coloured) seeds.

Table 3.03 shows the results cbtained on extraction

procedure of the cowpea under study.

In both whole graiﬂ and ground (ﬁilled) grain, water
gave better extractive power than other #olvents. This:*
is followed by dimethylformamide. The séeds used in this
experiment was the Ewa Ibeji (twin beanss variety. Both

Folin and Denis {redox) and Vanillin-HCl col®wrimetric

-
]

reactions with water extracts gave either cloudiness or

low v#lﬁes even after centrifugation, Figures 2, 6 and 7
(pages. 72, 854 X% Sf} ;'
indidating that although water has the greatest



Table 3.03

Extractable pelypheno! leves of “whale orfs
gount grain in different Solvents. Con-
centration expressed in mg. per 1Cg dry

_ Yo
' _ ﬁxh .
weight “Tannic acid equivalent'”. ) - SR

yer - e - . e - R R T t s ‘

Table 3.04

The extractable polyphenols content of some ‘common

varieties of cowpea (Vigna unguiculata) from Nigerian market
expressed as "Tannic acid and catechin egquivalent"

respectively in mg per 10 g dry weight.

|
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A Tannic Acid equivalent .

B catechin equivaient .

NCD. Not Chemically Detectable.

.Dimetl:".\yl—
Water. Methanol /  Methanol | Formamide
Water 60/40vv  100% DMF. -
| Whole Grain 12:2 55 - 09 58 -
Ground Grain 398 210 72 337
RAW | PROCESSED | e
A B A B { A B
|LocaiBrown | m2m8| 254 | 36 | 16 | 679 | 937
Gecoteateq) | — | — | 27 INCD| | -
Local White 50 | 166 | 25 | NCD | 50 100 :
Ceoortecteq) | — | — | 20 | NCD
Ewa lbeji (Avariety) | 352+40| 1095| 39 56 | 889 | 949
Ewa beji (Bvariety)| 382 | 754 | 39 | 24 | 898 | 968 |
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extractive power it ié unsuitable for the subseéuent
chemical reactions. On the strength of this the next
polar solvent dimethylformamide (DMF) was ‘chosen. This
produced less cloudiness in the Folin and Denislreaction.
Folin and Denis calibration curve in DMF is exéerimentally
acceptable (slope 9.25) émongst the four solvents under
investigation. A summary of the results is givén in

Figure 2. The solvent of choice for cowpea hydrolysable

tannin assay was therefore dimethylformamide. The maximum

absorption spectrum of the Folin and Denis colourimetric
reactions using this prbcedure was found to bei?OO nm on
the Perkin Elmer 402 spectrophotometer in use. ' A typical'
spectrum and calibration curve of the Folin and Denis

colourimetric reaction (tannic acid egquivalent) are
T

shown in Figures 1 and 37 (pages 69 & 70 wespectively,

e bl et ——— B

Y

Although an ideal solveht for polyphenol gxtraction
and tannin acid eguivalent assay, dimethylf@rmAmide was
found unsuitable for the catechin eguivalent (condensed
tannin) assay, causing quenching of the Vanillin~HC1
colourimetric reactions. This was circumveﬁteé by rotary -
evaporating the DMF extracts and taking it up‘fn methanol
for the Vanillin-HCl colour reaction. A summary of the
effect of the respective solvent on vanillin-HCl colour

: pages 81 8 87),
reaction is illustrated by Figures 6 and 7.4 The maximum

ﬂggge:8})
absorption spectrum (Fig. 5)13f the vanillin~HCl was
|
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found to be 500 nm using the Perkin Elmer 402 spectro-
photometer, and a typical calibration curve using this
procedure and catechin as standard is presented in

Figure 8.(?%;;9_539 )

3.40 Polyphenol Contents

The polyphenol contents of cowPeé (raﬁ and processed)
are expressed as either 'Tannic acid eéuivalent' or
'Catechin equivalent' as shown in Tables 3.04 and 3.05‘
respectively. The extractable polyphenol was further
characterised into 'tannin-like' (protein binding) and '

5

simple polyphencols by means of affinity chromatography -

‘on immobilised protein Figure 4.

When polyphenols are determined by the Vanillin-HCi
method and values expresséd as catechin equivalents, thé
values (16.6 to 109.5 mg per 10 gram dry sample} are higher
in the raw samples than when determined by the Folin and
Denis method and the result expressed as.tannic acid 1
equivalent (5 to 40 mg/l0 gram dry sample). In either
of the methods however, the highly pigmented cowpea has
the highest polyphenol content, suggesting a probable
correlation between colour of the seed and its polyphenol

content.

Knowledge of the chemistry and function of plant

polyphenols is still fragmentary but the seemingly



Table 3.C5

Extractable polyphenolé and the relative 'Tannin~like’

portion in some varieties of raw and proceased cowpea (Vigna

unguiculata) using affinity chromatography technigue.

Contents expressed in mg per 10 g dry weight.



[ RAW - PROCESSED .
Total Tannin-like | %age Extractable |%Extractable | Tannin-like | %age
Extractable |Equivalent | Tannin-tike . Polyphenols | Polyphenol Tannin-like
Polyphenols | relative to raw
Local Brown 112 88 786 36 321 3-2 889
Gecorteates) | — | — | — | 27 | — | 26 | %23
Local White 5.0 36 72 25 50 15 60
.%ﬁégér‘i‘{i‘é*éd) e — —— 20 — 20 100
Ewalbeji (Avariety)]  39-8 387 972 3-9 98 3-8 974
Ewa lbeji (Bvarietyll  39-9 388 972 3-9 9-8 3-7 949

~101—]
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explanation advanceable for the relative discrepancy

in values between ‘tannic acid and catechin equivalents’',
is that the latter is not specific for polyphenols that
are tannins, but will react with any phenol that has an
unsubstituted resdrcinol or phloroglucinol hucleus
activated toward electrophilic substitution in the
molecule. It is however specific for a wvery narrow range
of flavan-3-0ls, dihydrochalcones and proanthocyanidins,
but will not discriminate between these on the basis‘of
molecular weight. The higher value is therefore due to
the {vanillin hydrochloric acid) method measdring'low

as well as high molecular weight phenols and not tannin

alone (Gupta and Haélam, 1979).

The use of immobilised protein in the affinity
chromatography (Figure 4) therefore affords tﬂe meang of
assessing the 'true' protein binding polyphenols in the
bean extracts. The values for these expreséed:as tannic
acid equivalent are shown in Table 3.05; Columns 2 and 3;
6 and 7 for the raw and processed beans respectively.

Thegse are termed 'Tannin-~like' equivalents.

Inspection of Table 3.05 columns 1, 2 and 3 show
that between 72 to 97 per cent of the extractable total
polyphenols expressed as tannic acid equivalent is

protein binding. These values increase with increase in
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pigmentation. Processing however, reduces this to
between 10 and 50 per cent (Table 3.05, column 5)
indicating that between 90 and 50 per cent (Table 3.04
column 5) were bound in cone form or thgkother to the
protein or carbohydrate or both, or chemi&aily modified
during heat processing to the extent that it became
chemically unextractable or uilassayable. What is part-
icularly interesting is that highly pigmentéd beans

firmly held on to their polyphenols on processing. In

particular is the case of Ewa Ibeji varieties. These are

i
comparatively small in grain size but have high polyphenol

contents: of these'only 10 per cent became extractable
after processing. This could be another case of_small
bean grains having heavier cotyledons (Bresééni, 1972).
However, Ma Yu and Bliss (1978) in their study on tannin
content and inheritance in common bhean, concluded that
correlation between seed size and tannin coﬁtent for all
parental lines and F, populations studied were not
significant either among all samples within a population
or among only black=testa beans within a population,
suggesting that tannin content is independent of seed
size. They however affirmed that smaller éegd may have
higher tannin concentration since most tannig is located
in the seed coat and smaller seed usually have.more seed

coat area than larger seed by weight.
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A noteworthy observation is the demonstration that
the removal of the testa either by scrapping or soaking |
of the seeds in water greatly reduces the water soluble

‘m
tannins or tannin-like substances so that in effect1bean

dishes like moin-mocin, Akara balls, Gbegiri soup and the
like that involves removal of testa (Appendix IIIfﬁﬁégfiéﬁﬁw
in preparation, a low tannic acid equivalent as well as
catechin equivalent levels are to be expegted. Although
there is a strong consumer preference for coloured beans
when eaten as whole grain.because of the flavour and
appeal the pigmentation offers: there areTEEﬁi;fif_—lj

however linking inhibition of digestive hgdroiysis of [
' i

dietary protein and carbohydrate with tannins especially the

condensed tannins (Gadal anthoudet,?L96$;}Eeeny;1969)?
) e o s : o RSN
Hydrolysable tannins on the other hand have been

implicated in the endogenous loss of protein aﬁd methionine
by its astringency/detergency on the gut iining,(which is:
noticeable in the faeces of subjects on high tannin bean
meél being smeared in streaks of heavy mucous)‘and the
requirement of methyl group in detoxication of the gallic

" or ellergic acid produced by the hydrolysis of hydroly-
sable tannin.
Turning the searchlight on the catechin equivalent

values and the effect of processing thereohn it is worth

noting that between 95 and 100 per cent of the initial
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H

(raw sample) value became bound to the seed macromolecules
or became chemically wmodified and as such became
tipage 98) - |
unextractable Tablé'3t04;idolumns 2, 4 and 6. Feeny
(1969), studying the inhibitory effect of oak leaf

tannins on the hydrolysis of PfOEQ}QS by trypsin found
out that as little as 10 per‘éé;£ condensed tannin caused
a reduction of 20 per cent in hydrolysis; and that caseiﬁ
complexed with its OWn.Weight of condensed tannin was

almost 80 per cent less hydrolysed than the uncompléxed

casein control. The nutritional effect of the findings in

¥
i

this study with respect to the bound catechin equivalent .
tannin becomes apparent by reference to Tables 3.06 and

- . ——
3.09.(pages 107 and ﬁ%ﬁ?

- -

Pierpoint (1970) in his review of group of reactions
that are thought to involve o-guinones, pointed out that
oxidation of phenols (generally o-dihydroxyphenols e.g.
flavanols produce Q—quinones, and once these are formed
they react non-enzymically with many comppunds. They mway!
either polymerise, be reduced, or suffer nucleophilic |
attack by substances possessing amino, thiol and
‘activated' methylene groups. Proteins are of course
known to have a range of chemical groups;. amine; a—amin?
and thiol, potentially able to react with o;quinOnes.
Although some of these may be 'buried' in, the interior

of the protein and consequently unreactive, exposed
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groups however will probably be reactive because of their
peptide bonding. Another possible reaction between
qgquinones and proteins is that the polymer formed from
some phenols, especially the flavanols (aﬁd possibly
enhanced by the cOoking procedure) might have 'tannin~
like' properties and, as do the classical veéetable
tannins, complex with and possibly precipitate proteins.
The reactions between phenolic groups and peptide bonds
are initially through hydrogen-bonding and although this
is reversible by detergents or alkali, they wduld become
less reversible with time as o-quinone groups formed in
the phenols react covalently with suitable groups on the
protein. Processing and storage of plant materials are
known to cause oxidation of any phenols present and the

polymerisation of o-gquinones.

3,50 The Phytohaemagqglutinin and Trypsin Inhibitox Levéls
There was no detectable agglutination of rabbit |

erythrocyté by both raw and processed:cowpeas as compéred

to the control concanavalin A, This:may be due to a ;,

|

significant low level in Vigna unquiculata species as a

whole, which is further degraded during storage(Tomgjand
Western,fl97l). Whatever be the case, the heat treétment
usually given to cowpea meal is adeguate to inactiVate

any lectin that may be present. j



Table 3.06

}

Trypsin inhibitory levels of some common varieties of

cowpea and the effect of processing on their activities

* 1 pg of soybean T1 (activity 1 mg = 1.2 mg trypsin)
is equivalent to 39.375 TIU in this assay

Table 3.07

Trypsin inhibitory (TI) levels of solvent treated bean
(raw and processed) meals - "Extractable tannin-free
fractions" (E.T.F.F.) |

* 1 pg soybean TI is equivalent to 39.375 TIU
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RAW PROCESSED
% destruction
VARIETIES TIU*/mg. TIU*mg. due to
sample sample| processing
Local Brown 97'9 225 77 v
Local Brown
(decorticated) - 146 85
Local White 550 212 515 |
Local White
(decorticated) — 54 S0
Ewa Ibeji (A variety) 105 229 782
Ewa bbejiBvarietyl] 105 29 | 782
RAW® PROCESSED*™
TiU/mg.extracty
VARIETIES TV mg. TIUYmg. able poly- 3
phenol. {x107)
Local Brown - |* 5521112
ETFF 427 188 "~ ["*370/036
L ocal Brown
(decorticated) — 142 040/027
ETFF. '
Local White |* %08
50 188 .
ETFF 2401025
Local White
(decorticated) —_ 54 0-0/02
ETFF :
Ewa Ibeji {Avariety) . * 20/398
ETFF 8 22 9 *®0/039
Ewa Ibeji (Bvariety) ® 16:70/3-99
8873 204 |,
ETFF. : 2:50/039
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Trypsin iphibitory activity 6? raw and processed
cowpea using the improved Kakade et al., (1974)
procedure which allows the estimation of less :than 10
trypsin inhibitor unit/mg sample is as shown in Tables
3.06 and 3 07. The calibration curve of trypsin using
BAPNA as substrate is shown in Figure 10, This is
linear within the concentration of trypsin used in this
study, maximum extinction (410 nm) of the p—pitroaniline

-

liberated from BAPNA is as shown in Figure 9.

Inspection of Table 3.06 shows that the raw sample
ranges between 55 and 105 T.I. Units depending on the
variety and pigmentation. The highly pigmehfed (Ewa
Ibeji varieties) have the highest trypsin inhibitory
unit whilst the Local White has the least. ‘Processing
significantly, reduced the levels in all thg whole grains
to just well over 29 (21.2 - 22.9) T.I.-Units which is a
©2 - 78 per cent destruction as a result of heat treatment;
When beans are soaked, testae removed and cooked, the
residual trypsin inhibitor is slightly further decreased.;
Trypsin inhibitors are known to readily léaching“out on
soaking (Onayemi et al., 1976). This.difference is
probably due to conbination of leaching effect of trypsini

1~

and tannin (Ma Yu and Bliss 1978, and, this study).

Table 3.07 illustrates the valuesof extractable
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tannin free fractions (E.T.T.F) of raw whole grain as
ranging between 42 and 88 T.I.U. a reduction of between
56 and 16 per cent in trypsin inhibitory unit.as a result

of removal of sgluble tannins. The Local brown variety

*ﬁaq f.he_

Bl e e R

lgy@é%ﬁ' T.I. value after extraction which is an
indi&ation that the inhibitory effect is partly due to
extractable polyphenol. The proaesseé values were those
obtained on fractions that were extracted (E.T.F.F.)
after processing. Thus the reduction (O - 16 per cent)
in trypsin inhibitory value is as a probable result of.
contributory extractable tannin. This is nutritionally
insignificant if we admit that hydrolysable tannin (which
generally forms the maéor fraction of extractable ﬁannins,
‘ 4
cf. Table 3.05) is hydrolysed in the qt into gallic or
ellagic acid and a sugar moiety and that its hydrogen |
bonding with protein is equally reveraible ‘at pH above.
8 and in a medium containing detergent of which intestiﬁal
deoxycholate is a probable one. However, it is importaﬁt
to note as well, that this reduction in.trypéin inhibitdi
level after extraction may be due to protein solvent |
effect of dimethylformamide and thefeforg_trypsin
inhibitor will in the like mannér leach out as proteins
do. It is egqually possible that the use of D.M.,F. may
likély denature trypsin inhibitor resulting in loss of

activity. However, when trypsin inhibitory unit of the



Figqure 10 : ;
Calibration curve of tryptic activity on
BAPNA

Fiqure 11

Effect of commercial tannic acid and catechin on

tryptic activity (40 pg trypsin/tube as in the normal assay)
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processed is ranked with catechin equivalent level of

the raw bean meal using a non-parametric statistics, a
strong positive rank correlation (0.875) between catechin
level and T.I.U..was obtained. This in effect is a
probable indication that the simple polyphenols must ha?e
undergone modification during processing and become bound
covalently with the protein of the seed to the extent
that they became chemically undetectablé but enzymicallﬁ
causing inhibition. This finding is in conformity with t
those of Feeny (1969). 'Figures 11 and 12 réspectively
illustrate the molar effect of both tannic acid and }
catechin on tryptic activity. Figure 12 shows vividly
the comparative effect of duration of cooking time on
trypsin inhibitor level of both whole gr%in and }
'detannined' grain, From this it could be seen that in
both, inhibition dropped sharply after half an hour of

' heat processing, probably due to heat denaturation of the’

endogenous trypsin inhibitor. The ‘detannined' grain
continues with this drop in inhibition up #o 3 hr
cooking but never below 40 per cent inhibition, whilst
.after the % hr sharp drop in the whole grain, there
followed a sharp rise in inhibitién. This'sharp rise

could be.assuméd to be the effect of modification of the

simple polyphenol with possible polymerisation resulting

i



Fiqure 12
comparative effect of cooking time on trypsin
inhibitor level of whole grain and 'Detannined’ |

grain respectively.
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in complexing with the trypsin or precipitating it.
: i

3.60 In vitro Digestibility (Hydrolysis) of the bean meals
S SR R, - :

It is generally assumed that if a'protein is readily
digested ﬁy several enzymes in vitro, it is reasonable
to expect that it will be digested (gg‘gizgf‘gn the
gut, if it is not digested in vitro, it may still be
digested in vivo, because of the simultaneous action of.

several proteases and of possible cooperation from the

gut flora.

Although the bioavailability of protein must, in
the final analysis, be established by exact feeding
trials, nevertheléés,‘ig vitro methods of evaluating ;
protein digestibility are of great importance because ofi
their rapidity and sensitivity. Several*methods ranging%
from one enzyme system (Sumner & Howell, 1935, Kunitz, |
1947, Shaffner, 1956, MacDonald, 1962, Byers, 1967, Feeny,
1969, Tamir & Alumot, 1967, and Bond, 1976) to double k
and even multi—enzyﬁe methods (Saunders et al., 1972 |
and Hsu et al., 1977) have been employed in the past.

In all of these méthodsthe extent of hydrolysis
(digestibility) is expressed as the percentage of the
substrate nitrogen or amino acid appearing és either
TCA soluble nitrogen or tungstate/sulphurié mixture

gsoluble amino acids. However of late, Hsu et 1., (1977



Table 3.08

Digestibility of Bean Meal using Multienzyme technigue

a) Newcastle University, Dept. of Agric. Biochem
b) Average of triplicate runs
c) Average of duplicate runs
Regression eguation Y = 210.46 - 18,10x, where
x, = pH at 10 min (cf. Hsu et al., 1977)
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———In Vitro

InVivo —
Sampl | (Rat) HSU's (pH dropl HSU adapted
ample Digestbility method) (c) to Feenyss (c]
Local Brown {raw) 7484 56-50
Local Brownicooked) 7836 7%
Local Brown 8169 70-65
(decorticated) |
_ _ -
Local White {raw) 7772 6593
Local White (cooked) 78-00 67-03
Local White 79.53 | 6813
(decorticated) |
Ewa Ibeji (A variety) 7656 L6,
(raw) |
Ewa Ibeji (A variety) 7719 6264
(cooked) |
Ewa Ibeji (B variety) 748 53-85
(raw) | ,.
Ewa Ibeji(B variety) 76-83 6630
{ cooked) | :
Casein (BDH) 90-00!al 85;08“3) 85'71
Potato Protein 9655 | 7917. | 8625
Egg Albumin 9813 lal 7448 4160
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employed pH drop after 10 minutes of incubation to

determine degree of digestibility.

In this study, Hsu et al., (1977) method is used
¥

because it is purportéd to detect the effect of tfypsin
inhibitor, chlorogenic acid, and heat treatment on
protein digestibility. Results are as in Table 3.08,
Because the multienzyme should give a bettér approximation
of protein digestibility thén the single enéyme system
which is liable to specific inhibitor thereﬁy under
predicting the digestibility of proteins containing the
specific inhibitor; the multienzyme system was also

adapted to the single system of Feeny (1977) and of
——— ey

Byers (1967). Results as in Table 3.09(pagé 116)
Foe—— — o
H(page 114)
Reference to Table 3.084column 2 indicates that there

is a slight difference between the "apparent digestibility™
figures of the raw and processed samples, using the pH
drop after 10 minutes hydrolysis method. When this is

[(page. 116);
compared with Table*3.094in which the hydrolysis after

3 hr incubation is expressed as the percentage of
substrate nitrogen appearing as TCA-soluble nitrogen,
we find a sharper distinction in hydrolysié as a result
of processipg, and of the presence of anti—gnzymatic
factors. Although, the h;gher‘hydrolysis index of the

processed bean meal never exceededé 74 per cent, that’



Table 3.09
In vitro Hydrolysis (Digestibility)of bean meal using

the multienzyme of Hsu, et al., adapted to Feeny's method

*Unhydrolysed substrate precipitated by 10% TCA, and
soluble nitrogen (X6.25 = Crudé Protein) in supernatant
determined by Kjeldahl.analysis: Means of duplicate values,
after allowance for reégent controls containing inactivated
(trypsin added after TCA) trypsin. The extent of hydrolysis
is stated as the percehtage of the substrate N appearing as E

2

TCA - soluble N, converted to crude protein
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' e | T . ( .
Substrate L‘;E;L g‘gﬁ gﬂgﬁbmﬁg % Hydrolysis
Local Brown {raw) 0-092 0-'052 56-50
Local Brown (cooked)' 0-092 0-065 71-74
Local Brown | NG ) .
(decorticated,cooked] 0-092 0-065 70 6.5:
lstmnmed.cooked | 0081 | 0060 | 74-07

60 mins.) ' '
(Getanmineq.conked | 0081 | 0060 | %07
30 mins.) | :
Local Whte (raw) | 0-091 0060 | 6593
Local White (cooked)] (-091 0; 061 67-03
Local White : |
(decorticated,cooked) 0091 0.0’62 6613 .
Ewa Ibej (Avariety) | " -
- 0-092 0-043 467
Ewa beji (A variety) | . o
cooked. 0-091 0 057 62 64
Ewa ibeji (Bvariety) | A  EmaE
| 0091 0-049 53-85 |
Ewa lbeji (B variety) ‘ Y . ;
cooceq. | 07092 0 051 6630
Casein (BOH) 0038 | 0084 | 857
Potato Protein 0-080 0-068 8625
Local rown .| 0070 | 0042 | 6000
0-089 0-037 41-60

Egg Albumin
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the hydrolysis index is a better indicator of the
presence of anti-enzymatic factor is vividly exhibited ‘
by the figures obtained on the controls {casein, potato;
protein and egg albumin). For example the protein :
structure of casein-based products is highly randomisedi
and thus enzymatic treatment results in'a rapid rate of’
hydrolysis. Hence there is a close relationship between
pH drop after 10 minutes and degree of hydrolysis after
3 hr incubation as in the hydrolysis index method. By |
contrast however, vegetable proteins (e.g. soyprotein)
are structurally highly organised proteins and are thus .
more resistant to enzymatic attack. This could be the
possible explanation for low figures obtainable in the

; i
short time (10 minutes) incubation as compared to the 3 hr

hydrolysis index.

Of particular interest is tﬁe great discrepancy in |
indices obtained in respect of egg albumin. One of the
most interesting constituent of egg white is ov0mucﬁid
which has been identified as an inhibitor of trypsin
(Lineweaver & Murray, 1947). Ovomucoid inhibits trypsint
by . the formation of an equimolér complex, and this complex
is relatively stable for the periods which are necessary
to conduct many biochemical experiments (Lineweaver & 1

Murray, 1947). In addition to the ovomucoid in chicken
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. : |
egg white, Matsushima (1958) reported another inhibitor :

of proteolytic enzyme which he named ovoinhibitor. ;
Rhodes et al., (1960) reported that ovoinhibitor’was also
active against chymotrypsin and that it was capable of |
inhibiting both trypsin and chymotrYPSin:simultaneously.
However, Feeney et al., (1963) reported that chicken
ovomucoid has essentially no inhibitory activity against '
chymotrypsin, and that the several previdus observations
that ovomucoid had weak activity against chymotrypsin
was due to contamination with ovoinhibitor: that the
ovoinhibitor of avian‘egg white should be considered as
a 'double headed';(distinct inhibitory sités, therefore u
inhibition of both trypsin and chymotrfpsin occurs p
simultaneously, and excess of one enzyme does not
a ffect the inhibition of the éther enzyme) type of
inhibition. This could probably be the'explanation for
the low hydrolysis index value, whereas the slight pH '
drop (8.0 to 7.55) compared to that of casein (8,0 to
6.87) as a probable effect of peptidase results in such!
a high ‘appérent-digestibility'.

Having said so much so far, it must be admitted
that both technigques gave a pointer to the possible
effect of gastro intestinal proteolysié of the different

processed bean meal. It is therefore reasonable to
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Vassume that heat processing have beneficial effect by :
rendering the protein more susceptible to hydrolysis due ,
to structural changes or by destroying all or a portion
of the antinutritive factors which may be present,.
Removal of testa by scrapping (or threshing and winnowing)
resulted in slight improvement in hydrolysis (74 per ;
cent) as compared to testa removal by soaking (70 per ;
cent). However, a weak but significant negative rank
correlation (r= - 0,543) between trypsin inhibitory

unit (TIU) and hydrolysis was obtained, indicating that,
the polyphenols and more particularly condensed tannins
are correlated in their effect on—digestibiliéy of the
cowpea protein. The lqw levels (ca. 40 per cent) trypsin
inhiﬁitory activity found after scrapping off the testa
and heat treatment could be related to heat stable

trypsin or residual polyphenol content which are known;

+0o be heat stable.

13

3.70 The Level of Protein intake on Apparent Diqestibiiigy:

In vivo Study

As was enumerated in 2.31, this part of the atudf was
initially initiated as a possible means of identifyiné
the fate of bean meal through 'food approach' rather |
than 'diet approach' as is gengrally édopted in many

i

animal experiments. Tt became evident later that human



Table 3.10

Effect 0of level of protein intake and gut transit
time on the apparent digéstibility of cowpea protein -

meals containing more than 3 gram nitrogen

Table 3.11

Effect of level of protein intake and gut transit
time on the apparent digestibility of cowpea priotein -

meals containing less than 3 gram nitrogen



Initials | Age|Sex ﬁcﬁ%ﬂg) ?%ﬁﬂ?sﬂ) ﬁ%ggglen(g) a%%%rt?gfity
ROO[38|F | 494 | 26. | 116 | 765
JJAQAT M| 494 | 260 | 201 | 593
EAO[13{M| 371 | 28 | 167 | 550
CDe|35/M{ 31 | 22 | 139 | 557
JAOQ|41|M| 418 | 187 | 139 | 667
AD [21/M| 418 | 27 | 093 | 778"
AD |21|M| 523 | 27 | 184 | 648
FO [28/M| 628 | 22 | 069 | 830
AA [30/M| 380 | 31 | 150 | 605
* Average Digestibility 673
-
inttials | Age | Sex E\rl]itfg?(gen(g) ?ﬁgﬁﬂg :Lictlr?)cqaeln () S%pssrggitlity
AO [8|M| 247 | 25 | 180 | 231
ROO|[38|F| 203 |28 | 128 | 368
JJJAO[4T[M| 255 | 27 | 166 | 227
CDe|35(M| 286 | 32 | 202 | 294
|JACJ41|M| 286 | 200 | 227 | 206
{AA (30|M| 280 | 17 | 159 | 432
CDe|35|M| 280 | 29 | 187 | 332
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beings have some degree of freedom in their food choices,
this coupled with the medicolegal aspects of human :
experimentation B.M.J. Editorial (1964) restricted the |
investigation to free choice (uncontrolled) of bean meal
as in everyday life with the hope of saivaging any usefdl
information as regards ‘crude gut trans:i'.t time' and |
possibly a one-point-meal apparent digegtibility index
to complement in vitro studies. The results are as

(page 120,
shown in Table 3.10 and"3.1l.4 These figures are from the

i

different culinary processing (whole grain, moin-moin)

of beans which could not be analysed undEr.the different:
treatment because of the small number of test patient
yielding complete.faecal output. On thorough scrutiny,
however, aAtrené was observed between nitrogén iﬁtake,
gut transit time and apparent digestibility. Hence the i
results have been collated to reflect the trends (7 3g
nitrogen_and €3g nitrogen intakes) observed. Table 3.10

(page 120)
Shows the gut transit time, and apparent digestibility om

!

meal containing more than 3g nitrogen whilst Table 3.11
(page 1.20) _ '
showg“values for meal containing less than 3g nitrogen.

; - : : - ]
!l}SP;E_f-‘-_ti_():g of. bqlhwt_qb!eskirlciic,a'zsg that the mean , Ut transit times {252+395:26.7 = 4.8 hrs) are;not-

SGtstcally different. P> 005 _ . . . w3 ' Striking

differences are however noticeable in the apparent

digestibilities. Table 3.10 having an average apparent
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digeétibility of 67.3 per cent whilst Table 3.1l has an
average apparent digestibility of 29;9 per cent. Thigh
clearly demonstrates that the apparent protein BN
on the protein concentration in the diet and must there-
fore be'estimated at a fixed level of ﬁitrégen
concentration. The implication of thié_in the true
'food approach' as compared to 'diet approach' is |
however hard to postulate, except to leave it as an
academic exercise, because no one, not even.the best
nutritionist approaches his/her meals with the preset

intention of acquiring x, y, 2z amount of protein or

vitamins at a sitting per se.



CHAPTER 4

CONCLUS ION

Eat all kind nature doth bestow,
It will amalgamate below

If the mind says "it will be so”
But..if once you begin to doubt

Your gastric juice will find it out.

Cathcart (1937)
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4,00 CONCLUSION ,- O

Vegetable protein virtually supplies over 80 per
cent of the dietary protein in the developing countries
of the world, and it is estimated that legumes especially
cowpea accounts for the bulk of the dietary protein
intake for adults and are virtually an important source .

QDema; 1563)a

of proteins for many children in West Afrlcaq ‘Although

possessing high protein content, poor protein digestibility

as a result Qf the presence in the seeds of aﬁtinutritivg
factors su;h as protease inhibitors have been suggested
as one factor Ppntributing to the poor.utilisation of
the cowpea meal. The poor digestibility’of the legume
proteins has aléo been attributed to. the p;esence of
resistant “corg"fw{ﬁajzgj.u a high cystiﬁe content and .
to trypsin inhibitéré’which have been demonstrated not
.?o releage their cystine when incubated with proteolytic
‘enzymes (Almguist et al., 1966). The digestibility, i
absorption and tolérance depends on the type of legume |

consumed, the culinary methods, the amount consumed and

the condition of the alimentary tract. _ f

Tt would appear from the present studies that most
of the bean polyphenols are located in the testa, and
that the pigmentation of the testae correlates with

the polyphenols contents whether this is expressed as
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tannic acid equivalent or catechin equivalent. The legume

polyphenols and more particularly Ehé condensed tannins
expressed as catechin egquivalent are partly responsible
for the lower digestibility of tannin-protein complax;s
or proteolytic enzyme inhibition by tannins as a resuit
of heat modification of the simple phenolics, possibly
resulting in quinones formation with ihe subsequent
polymerisation of these, culminating in a probable
covélent (irreversible) bonding with the cowpea macro-
moleculeg. Any hydrolysable tannin, ﬁydrOgen bonded ép
the macromolecule, however,K may becone reversible through
the gut surfactant (bile salts) apart from its ease of

hydrolysis to gallic or ellagic acid and a sugar moiety.

Cculinary methods such as pre-soaking or better
still removal of testae by threshing and winnowing
coupled with adequate heat processing improved the f
digestibility of cowpea meal. The present studies shoﬁ
that boiling grain in water does not séem to have any
serious effect, although acid labile amino acid may be ;
disturbed. The normal cooking temperature (100—104°c)
and time (70-90 min) appears sufficient for the |
inactivation of tr&psin inhibitor, but this seems ﬁot to

be reduced to zero level even after prolong (3 hr)

cooking period. This heat stable trypsin inhibitor
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activity may be related to the polyphencl already
coupled with bean macromclecule or both. Howéver, the
apparent digestibility of the cowpea meal as judged
by "food approach" method is dependent on the_nitrpgen

(protein) concentration in the particular meal.

Further investigations are. however, required on
the oxidation and polymerisation of phenolics and how
prepholics covalently bind to proteins. The use of
anti-oxidants such as sodium metabisulphite or ascorbic
acid in the preparation of high phenolics hean meal to
prevent pogsible oxidation culminating in reduced protein
digestibility and the organoleptic acceptabiliéy of this
approach in the traditional dishes needs looking into.
Furthermore, in view of éhe,acclaimed nhtritional
superiority of animal protein over vegetable protein (as
determined by rapid growth rate and bodily conformation)

‘and the high prevalence of degenerative diéeases in
animal protein consuming 'nations, a better unde;standing
of dietary gource of prote;n (itswquality and qyantity
in the diets of the peoplé).in.relation to grOﬁ;hp

senescence, longetivity and disease pattern is required.



APPEND IX
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Some of the varieties of cowpea (vigna unguiculata L Walp)
. In Nigerian market.
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TING, US
EATING

¢ West/Lagos
No. interviewed 100

eating beans

HOW DISHES WERE PREPARED
Boiled whole 90%
Made into Moin-Moin 5%
Made into Akara balls 5%
USAGE

Had rice and beans - 50%
yesterday

Had yam and beans 40%
yesterday '
Had bread and beans 10%
yesterday

INGREDIENTS ADDED

Meat (any type) : 68%
Fish (Fresh/dried) 30%
Chicken/Fowl -

Nothing 2%

AGE AND HABIT EMQUIRY IN RESPECT OF BEANS

North
30

90%

2%,
8%

30%
5%

65%

50% |
20%
2%
28%

East
40

87%

13% :

30% Co
102

60% 1

502 %
36% !
'
F
!

14% ;

. —



* mashed, condiments, oil, fisk./meat

added and cooked into a stew.
boiled in water until i
: : : soft and tender;
DRY BEANS " — picked,washed in cold water em——— cooking water dried up. —_—
) (approx. 1 hr.) . _
served as whole soft grain eaten
soaked in water (112 hr) ’ . with either gari,dodo, bread, yam

—

esta removed-soaking
water discarded.

O

otyledons

or rice with either meat or fish

stew.

* cotyledon cooked in water until

-2

omogenize to fine paste
— deep or shallow

soft; mashed, solted, condiments,

and stewed in palm oil - GBEGIRI .

(" ol fried.

paste

sdlted to taste.

* akara balls - eaten with bread,

ogi, eko (fermented corn gruel.}

* ground egusi (melon seed) added -
as in EKURU preparation or with-

condiments optional, —=——<
ar whipped.

out as in MOIN-MOIN ; oil added,

paste wrapped in special leaves
and steamed to cook into a gel-

like cake (1hr)

Culinary processing of beans for consumption in Nigeria and some West African countries .

S _ —

asterisks indicate fractions and/or products consumed.
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TYPICAL RECIPE

Beans (Ifngrown variety) é kg
Tomatoes fFresh) % kg
Tomato Puﬁee . 180 g
Onions - % kg
Dry pepper 30 g
Palm oil | | % kg
Salt ~ to taste
Water - 6 litres
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