DEVELOPHZNT OF PRECOOKED FOODS
PROCESS AND  PRODUCT  EVALUAT ION



out by me in the Department of Nutrition and Foodscience,
University of Ghana, Legon, under the supervision of

@ﬁi 3 . Sefa-Dedeh.

9085000000080 00a20 800 %0

Dr, 8. Sefa-Dedeh
(SUPERVISCR)

. )




-&E:ﬁ'«‘*“""

. MY DEAR  PARENTS



mgh@j{grk, and lir. Bml. Abbey of the Chemistry Department,

ement, tolerance and help which has made this
~ work successful.

I am also grateful to Mr. Akita and Esther for the

sience and explanations they gave during the carse of

 for typing my namscript.

Sl IMES;‘ special thanks to my dear Tony for his readiness
 help when needed.
I am very grateful to all those who in one




iv

ABSTRACT

A pre-cooked food was developed from cormmeal and cowpey
flour. The cowpea seeds Were germinated and also dehulled. Control

seeds of these treatments were made. ilethod used in the preparation

of the product was steaming and traditional roasting in the earthen-
ware mashing bowl.
- Chemical analysis on the products showed that the product
developed had a higher protein content than cornmeal.
Bvaluation of the functional characteristics revealed that the
water absorbed by the products increased with an increase in the number

of germination days. The undehulled products also absorbed water and

‘, wore than the dehulled products. This was attributed to the
preeence of the seed coat in the undehulled sedd products. There was
10t mu\je‘h difference in the water absorption and swelling properties with
;0 the levels of corn and covpea.

s coamylography runs showed no change in the gelatinisation of
ed seed products, however there was a little increase in

bty of the ungerminated seed product during the holding and

is of variance calculations showed a

ng and germination on the




mnal characteristics analysis showed a high water absorption

. .&}s. . Wt swe]llng of unfermented corndough products. Analysis on the

il l““-ﬁ&t&dﬁ‘@ﬁ showed no significant difference in the colour, odor etc.

»Idp ﬂ? the fermented and unfermented cormdough products. However, the
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1.1

INTRODUCTION

Tutrition and Food Problems

The total food production throughout the world has been increasing
steadily, the F.A.0. of the United Sta{:gs reported an increase in Food
production from 1975 - 1977 in both developed and developing countries

(Anon. __1_9IL) Despite:this some segments of the population do not

recg"eive their recommended nutrients. These nutrients are carbohydrates,
proteins, lipids, minerals and vitanins,

The major chargcteristic which affects the food consumption
patterns in Africa is the diversity of ethnic grou'i;s. Thus sone foods
which may be abundant in an area may not be consumed because of tradition-
al beliefis. Apart fram the traditional beliefs, a certain, degree of
regionalization in the ia_opulat ion and utilization of foods can be

recognized in Africa. The geographic belts indicates the major foods

grown and the nutrients likely to be available in any region. The

common foods found in the three geographic belts in Ghana are summariged

in Table 1.
Pable 1: Staple food crops produced in Relation to the Geographic

belts of Ghana

Stgple Foods Produced
Millets, Sorghum, Yam, Cassava

Maize, riee, cassava,(not in large amounts)
local vegetables eg. tomatoes, okro,gardencggs

 Yam, Plentain, banana

- Soarce: 8ai, 1969.
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Thué people of the drier samwanna are found to consume more
of millets and sorghum than people of the cosstal belt. There is
therefore a difference in the food patterns of people of the same
country. These are not the only problems associated with food
consunption in Ghana.
Other factors contributing to the nutrition and food problems
as stated by Sai (1969) are:
1) an increase in population. This is due to high fertility
rate and a relatively low infant mortality rate.
2) Increase in urbanisation, and the third factor contributing
to the food problem is the Governments interest in the production
of more cash crops than food crops. Thus sgricultural extensions
are orientated in cash crop and this adversely affects food crop
production.
; 4 4) Food habits also contribute to the food problems. Feople
will eat foods that they have been brought up to consider as
food. The final factor is protein availability. The foods

making the largest contribution to the total protein intake are

; the staples. Thus in the savanna where sorghum and millet form
the basis of their foods, the overall protein intake is adequate
‘(ﬁ‘ér zg@ults). However, this is not so for children. The protein
: Wmtq@ these staple foods are not adequate to meet their

The forest die#s are the most lacking in protein.
in intake i low amd this leads to protein

children around the forest zome.
A . 2 . n'\r';
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1.2 Overcoming Child Food Problem-Use of local weaning foods

The food problems stated above are usually found to affect
children. There is therefore a need to solve the food problem in
relation to the infants.

Most children grow well when milR from breastfeeding ’oy the
mother is adequate to meet the nutritional requirements of the child.
The advantage of bresstfeeding has been widely recognised particularly
for the infants in developing countiies. The breastmilk, when available
is convenient, has the right composition at any moment and relatively
inexpensive. The different nutrients and their levels in breastmilk are

shown in Table 2.

Table 2: Nutrietits and their levels in breastmilk

Iutrients Level
Total solids 12.4¢
Protein 1.2¢
Lactose T
Fat 3.8g
Vit A. 5ed UE
Tit.:D, 0.01 ug
Vit. C. 4.3 &
Carolene 27 ug
Thiamine 0.16 mg
: Riboflavin 0.43 ng
: Niacin 1.72 mg
SERRENLE. cUpgi¥eaead 0.18 ug
OhG e cop 0.15 mg
Calcium 33 mg
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The high nutritional level indicates the need for a proper
repbacement of breastmilk, otherwise malnutrition will set in.
Protein malnutrition usually occurs at the end of lgetation or
when the infants are being weaned. Uuring this time the infant
food should be supplemented. This is usually achieved by introduction
of high level nutrient foods.,

In developing countries many foods are prepared according to
local customs and traditions but seldom specifically for the young
child, There is a need for g weaning food which can be eaten and
utilized by the infant's body.

There are such foods on the market but thesé are expensive,

'J:Ehey camot be afforded by the low-income group in the country. These
imported foods from the developed countries reach mostly the people
1iving in the urban areas. Hovever the majority of the population live

in the rural areas and they are unable to reach these food, Hven when

available they cannot afford to buy them. Apart fron this, most of

these people are &llitrates and therefore camnot read the illustrations

uﬁ;%he packages. Dilute mixtures are finally mixed for the child,

, L::;;Il;f fmduced weaning foods should be introdued. Apart fram this,

"’@st:anﬂy;with just water seem ideal.
srepared food mixtures meed to be recognised as a most

entific approach to weaning in the developing countries.



improving the balance of amino acids while individually both cereal

and legumes have a chemical score of 40 each (Ghosn, 1979).

Cereals and Legumes

Many cereals are eaten in Ghana. These include wheat, rice,
ma-ize, millet and sorghum. They are a good source of calories but
poor protein source. Consumption of large quantities of these foods
without any protein supplement leads to protein malnutrition.

The data in Table 3 gives the nutrient contents of the common
cereal in Ghana.
Table : Analysis of Varioug Grains Consumed
Cereal Protein Fat Carbohydrate Fibre
Maize
(Zea.mays) 10 4.5 71 2.0
Finger millet 6 TiaB 5 3.0
Bullrush millet 11 ) 69 2.0
Sorghum spp. 1044 3.4 ¥ i 2.0
Wheat 1435 2.0 70 250
Al
Rice 8.0 1453 Tt 0.5

i (Source: Iuller, 1970)

Aighurs o2
 The table shows the large amounts of carbohydrates as to the low

N Yerals of protein. Thus cereals contain mostly carbohydrates, However
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Cereal grains are used in the preparation of a variety of
feods although the processing practice vary from group to group.
Cereal foods in Ghana can be classified into 4 groups:

1. DBeverages:— e.2+ Hausa beer or pito

2. Porridges:- e.g. Koko or akasa. Porridges are boiled
preparation of whole or ground cereal usually
thicker in consistency than cereal soups.

3, Dumplings:-— e.g. Yenkey, banku,

4. Baked or fried products: eg. bread, doughnuts.

These foods are not usually consumed alone but as part of a
ﬁeal or snack containing other sources of proteims, In this way the
nutritional quality of the diets are improved. However, some mothers
due to ignorance and poverty feed their children on only cereals without
a j)rotein supplement, ©Such protein supplements are usually legumes or
;. fish,
i Consumption of legumes follow a variety of processing procedures.
|

TR &

Some ”t‘eps include boil ing, frying, germination, fementation, steaming

Cowpea is used very widely in Chana and like other legume

: _.,am" it is used in soups, stews and porridges.
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Table 4: Cereal and Legume foods in Ghsna

Ingredients Local Name Commen &
Cowpea, rice Haakye Boiled and eaten with stews
Groundnut, maize Gboda,ashikoo| boiled and eaten as snack
Roasted cornflour ablemamu usually made into porridge

The [ngredient can be used in

preparing other meals. e.g.

apkledzii,
Cowpea/maize These are usually used as
groundnut/ cowpea/ weaning foods. They are made
millet into porridges or dumplings,
groundnut/ cowpea/
sorghum.,

The above foods shown in Table 4 are only & few of the many

dif ferent foods prepared from cereals and legumes in Ghana.

1\‘].4 Usg of Germination and fermentation to improve the nutritiongl
}: i vajue of legumes

E In some parts of the world, devel opments include the use of

ion to improve the nutritional value of many seeds. Germina-




Sa

‘A_nbther» method that can be applied to cereal grains and

w seeds is fermentation. This is a common method of

:prééervation in warm and humid climates where food drying is mot

practical. In fermented foods, micro-organisms play an impor tant

y rfile in modifying the originasl material to improve nutritional

value, digestibility amd to prolong keeping quality (Brandtzaeg,1982).
Spontaneous fermentation is common in the villages and homes

of ‘Ghana.. In Ghana fermentation is carried out on mainly cora.

The above two processes can be achieved locally and the

germinated and fermented grains and seeds can be used to prepare a

local weaning food.

|
|
5 Objectives
In the light of this discussion, the following objectives were
set for this study.
L 1., ' To develop a pre-cooked food from germingted legumes and

i fmenteé corndough.

ﬁ;ﬁ‘“j"ﬁaluate process snd product characteristics by investigating:
“’& il Y '-;P?ja'z"aeéssed paraneters

RB60) " Watetisl balance

: mmcmal properties of products (water absorption swelling)

& 7 ‘properties (protein, fat, moisture)

- anglysis to determine product acceptability.
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2. REVIEW OF LITERATURR

j e
2.1 Heani of Infgnt
The term wean is from an ancient word that means "aceus tom, "

thus it has come to mean the period during which an infant gradually

\
A

becomes accustomed to foods other than breastmilk (Cameron and Tngve,
1974). A
Priyani (1981) defined weaning as the. imtroduction of food
other than milk of the infant. Olfat et al (1982) also defined
Weaning as the period from complets breast feeding until the
infant is entirely on an adult diet,
Appropriate timing for complementary feeding of the breast
fed infant is necessary. The age at which complementary fodds
| are introduced depends on many biological, cultural, social and
: econanic factors. (Priyeni, 1981).

.Supplemented foods based on blends of corn,soybeans and

mmed milk fortified with vitamins and minerals are introduced

and distributed at mothercraft centers, (Pelto, 1981). A4 proper

gren (‘198'2.) stated that adequate supplementary feeding

ﬁ;a; _two years of life prevents malnutritions and
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Pl

the >‘..1’>,B.p'id-ly growing child normally needs his first supplementary
«food usually a calorie dense porridge or gruel.

¢ olfaf___e_t al (1982) investigated the reasons given by mothers
in Egypt for weaning. They found out reasons which they divided
| into two basic groups. The first group of reasons wWas related

“f to the mother. ILeasons given were insufficiency of breastmilk,
beginning of a new pregnamcy and the desire to become pregnant

w .thns wants to stop breastfeeding. The other group of reasons

‘ were ‘felated to the infant. Some of these reasons were that the
infant became old enough to be able to eat the usuwal family diet,
‘or that it no longer wanted to be fed from the breast.

In the light of these reasons, investigations on weaning

foods have been going on. The main food groups for preparation

of weaning foods were protein rich foods of either animal or

plant origin, starch puddings, foods rich in vitamins and minerals,
€.8. fruité. Mixed diets were prepared from a combination of the

i above groups (olfat et al, 1982).
t5 Bhece Ul -

ron ‘and Yngve, presented the problems in providing
al adequate weaning foods and humen millk substitutes
ping countries. The major problems stated were

, poor envirommental conditions and lack of



/
‘ education. The need to educate families to exploit locally
} eﬁltivated foods to produce nutritionsl adequate productgwas
stated as important.
"

Home prepared food mixtures need to be recognized as thé
mgst economic and scientific approach to weaning in the d eveloping
countries. A mixture of cereals and lezumes raised the chemical
score to 60 whilst chemical score of the individual constituents
is 40 each. The increment is achieved by improving the balance
of amino acids (Valyasevi and Baker, 1979). These mixtures when
given together with breastmilk further improves the nutritional
status of children. Kansra et al (1974) shored the calories
defiency of children between the ages of 6 - 11 months, 12 - 23

LI
and 24 - 36 months beigs fed on only breastmilk was stated to be
301, 89, 992 kcal/day respectively. However when these infants
were fed on multimix supplements made from home grown cereals,
’puig;s and growndnuts in conjunction with breastmilk, the deficiency
. reduced to 193, 703, and 207 kcal/day respectively., Thms in cases

ﬂ;mthe basic staples were nutritionally poor, protein foods can be

qﬁeﬁ to weaning foods.
o ¥




%o produce an, instant meal (Cloud, 1976). A number of such

isra&uetg are being processed in the developed countries.
Hixtures of these foods sre usually fortified with proteins
and vitemins (Gralak, 1975).

Cereal fortification with plant protein and animal proteins
such as milk is also common in most parts of the world.

liore developments on cereal foods for both Weaning and
breakfest are being introduced.

Leguminous plant proteins are usually used to fortify
low pretein content and are generally deficient in lysine
(Altshul, 1974). ~Its logical to conclude that bean proteins

should supplement the protein in cereal grains., Adolph et gl

(1965) indicated that the protein value ofamixture of beans and

~ cereal is superior to that of each of these components fed indivi-

Bressani and Elias (1969) also reported on the protein value

us cambinations of cooked black beans and opaque 2-corn.



Fig. 1

A : OGain in weight assinst % corn/bean

B : PER against % corn/bean level.
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at this level other spprecisble percentages were T0%

’\
corn ar @@ﬂbean, and 60% corn/407% bean. g
e . e

Enn.' 1) hese m:xture have been used in attempts to treat malnourished

YA e Was 85,7 e’ i =tal
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Gomez et gl (1957) reported an attempt to treat protein
'malneuryshed children with corn-bean diets consisting of about
87% corn and 13% bean. Recently, other protein foods containing

| chickpea, sesame and groundnuts were developed by Hanafy et al

i (1‘970) in Egypt. A blend ratio of 3:2:1 was found to be resdily

" acceptable by both children and adults. He showed a simple operat-
ional flow chart for the preparation of the blend similer that in
i AP

Pig. 2: Operational flow chsrt for the Preparation of
Supplementary food mixtures

Rice Bean Groundnut / Sesane
| roasted roasted roasted
| weighed weighed weighed
: lr
mixed
i1 Ground
Blvalle, af Pakaged Somrce: Tontisirin et al

(1981)

E%ﬁrther studies, bean proteins were replaced partially by

19ing human subjects (Esselbough et al , 1952). J.hey
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Eany low cost balanced foods for feeding weaned infants

hased on corn, oilseed meals and skimmed milk powders have also

been reported. Sirinit gt al (1965) also reported that opkimum
nutritional performance was attained when beans constituted 20—
30% by weight of mixture with cereals. These results have served

as the basis for development of protein rich fools known as K—-1000

which is given to mothers at mothercraft centers.

g 3L In the developed countries, soyabean is the most common
legume used to improve the protein content of cereal grains. They
can be applied in the supplementation of infant foods such as maize
meals and Tice beverages. The total methionine level of the final
product is usually raised (Gutierrez, 1972).
o i T México, fortification of maize with soyabean flour is a
~ common practice. They enriched their tortillas with soy proteins.
By lime cooking of whole raw eorn -soybean mixtures, the protein
| 1tent was found to increaée by 3 - 5% of the original value
e, et al 1974). The nutritional value of corn tortillas
improved by adding cotton seed flour. The amino acid,
_isoleucine ratio was improved. The acceptability test

cant difference between the supplemented and un-

as (MacPheson, 1976).
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Dutra de Oliveira (1974) carried out a study on opague—
2-corn. They mixed this variety with wheat flour which as used
in breadé meking. The opague-2-corn has high levels of lysine and
tryptophan and thus when nixed with the wheat flour was found to
inerease the lysine content of the flour.

The enrichment of cereal flours by plant protein foods can
also improve not only the nutritive value of the foods but also
improves the dough properties. In cases where balking is involved

the baking properties are also improved (Henselman et al, 1974).

" 2.4 Effect of Processing on Cereals and Legunes

=

Cereals snd legumes are treated in various ways before
gg;mumed.. Thesé treatments have profound effects on the final

products. The chemical and nutritional characteristics are mainly

~ affected.




S ghe mé’:‘j'érity of food stuffs are subjected to heat treatment
%f%j‘iné'degrees before they are consumed., The conditions =nd
‘extent of the heating procedure may affect foods adversely or
beneficially.
e The heat treatment applied to legume foods does improve
.~ their texture aml palatability snd also helps to destroy or

inactivate some heat labile toxic compounds such as trypsin

Altshul (1974) has reported that excessive heat treatment causes.

\
\
!
|
\
|
|
1 inhibitors, and hemagslutinins (DeGroots, 1963). However
|

a reduction in the nutritive value of legume foods.
" Further studies conducted on the effect of various pre-

B treatments on the milling characteristics of a cereal grain was

conducted. The pre-treatments included sosking in water and
&

gsteaming at various temperatures. The results showed that the
%‘Ei%la size of the grits tended to increase with incresase in

%:{n g temperatures (seiler, 1974). During soaking the quality
B er and protein passing into the solution is characteristic
| grains and seeds, (Tregubor and Zakharehenko, 1971).
12l treatment of overnight socaking of dried beans followed
. g‘%g}ngl_has now been repdmced by a simple economic

| legunes into quick cooking products. The process
¢ qualities and also seves fusl (Rocklard
1 of pre-cooked products are altered
_ ;

A

ANer-Eoym Lo $7ihg acid
<x RSN S

v
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-B.uring processing. Analysis on cowpea and Pigeon pea gave higher
1evels of sulphur amino acids but lower levels of lysine (Fabriani

£ and Fralonl, 1972). Ehas et al, (1976) found out that the digest—

Yy

ihility and nutritional value of cooked ground samples of cowpea

were found to be lower than that of the whole legune seeds.

In addition, oilseeds such as peanut, sunflowr seeds When “
‘. added to doughs reduced the mixing tolerance, increased adsorption
B and reduced the volume of breads (Matthews, 1972).

Other effects of processing on cereals and legumes can be

| w5 obtained when graing are subjected to germination and fermentation.

\(
2.5 [Effect of Germination and Fermentation on the Chemistry
f - and Nutrition of TIegumes and Ceregls

i
{'_ ' The availability of plant proteins can be improved by the
. L

use of germinated leguminous seeds in the preparation of foods.

s

‘I‘hls process makes nutrients in the seeds available by breaking
them d?own_ to the foms in which they are absorbed into the humsn
Wcﬂi‘ Njﬁn‘ing germination of legumes the proteins undergo considerable

e _because of proteolytic activity (Mayer and Paljskoff-layber,
Y

ara brokan down to amino aeida.
' ms- Adaln 11595,
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The chief ,afmindes formed are glutamine and asparagine depending

on the plaptS. A little evidence about amino ascids synthesis is
available. (Mayer and Palgakoff-layber, 975 ) were able to show

the synthesis of homoserine in pea seeds during the first 24 hours
of germination. Homoserine was not present in the dry seed; thus
during germination there accurred the rapid synthesis of an entirely
new amino gcid. A general rise in the amino acid content of lettuee
seeds during germinatiocn was shown by Klein (1955). Hayer and
Paljakoff-llayber (1975 ) reported that globulins are the prodominant

class of protein in legumes. With germination the globulin content

decrease while little change is observed in the albumin content. In
Indis legumes are the primary source of dietary proteins, conventionally
they are also used in the germinated forms since the nutritional value

has been reported to be better (Chen and Thacker, 1978).
>

Table 5: Changes in Amino acids content of lettuce seeds durine

germination
{4 Amino geid Time of (Cermination/days
A 0 1 2
Erel U vAlanin B 30 520
‘1 . Threonine 5 20 { 190
B Leucine 20 20 280
TN 1
- Serine 30 30 250
' cine 15 5 40
5 5 -
40 35 40
‘ ' s 80 160
700
240
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During a six day germination period, Adjei Twum (1976) showed

a decrease in carbohydrates and lipids in soybean seeds, Stachyose
and Raffinose (are indigestible in man) decreased to about 80% in
three days and disappear¢d in six days. Proteins decreased slightly
while amino acids increased rapidly. Changes occuring during germina—
tion of soybean sesds over teh days were studied. The protein
reserves Were hydrolysed to amino acids which were translocated to

the axids where re-synthesis of inscluble proteins occurred (Adjei
Twum, 1976).

There were changes in the carbohydrate content during germina-
tion. Breakdown of starches in peas was shown by Bwain and Deldcer
(1866). To follow the pathway: starch — > soluble oligosaccharides

=————3% . maltose e glusose,

Maltose levels increased, sucrose showed smsller increases,
raffinose and maltotrise stayed more or less steady. The changes in
i, the carbohydrates of barley during germination have been studied in

detail because of their importance in the malting process. Glucose

;@d ﬁmetese rise considerably up to six day germination at 21°¢ and

: w begins to fall again. After six days the seedlings were 5 - Tem

_Other sugars also showed marked changes (Hegazi, 1974 ).

; @&Ment cations, pectates and lignins., Work carried out
- of d;fferent germinated legumes showed the pattern
2d legumes dif fer, The time reguired for

"‘_‘Qdﬂﬂnp,umjue hgumasswch as chickpea.




The reverse happens in covpea (Reddy et .él-'.: 1978). In cowpea
khere is a general decrease in phytin content with progressive
stages of germination. The progressive decrease in phytin with
ggt‘mination may be atbributed to an increase in phytase activity
during germination (Reddy _Q_L_ al, 1978). Considering the changes
in the mineral content, there is s considerable loss of calcium
dﬁrix@ germination (the later stages). lagnesium conbtent is also
reduced during germination but this effect is less in cowpea
(Ganesh, 1978). The loss of the minerals may be due to legching
during the bulk germination of seeds. Leaching in inorganic and
organic compounds has besn reported in legumesduring germination
[f (Mayer and Paljakoff-liayer, 1975).

;:-,- | Experiments showed a higher aseorbic acids, niacin,pyridoxin,
pantothenic acid, inositol, biotin tocophenol, vitamin k and folic

acid levels in germinated seeds (Robert, 1974).

Leguminous se=ds contain a number of congtituents which may
L 5‘«',_"’ -7

re deleterious effects on their mutritional value. These include
Fisch I

inase inhibitors, phytohemagylutinins, tenins, phytic acids
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~of these components were acetaldehyde, methylsulphide, and ethanol.
not

' These Wwere,present in unfermented olives (Fleming, 1968).

Many fermented products are available in different parts of

the world. Some of these products are showned in Table 6: The

. products are common dishes eaten in Ghana and Wigeria.

Table 6: Some Comnon “ermented dishes in Ghans and Migeri
Beverages Porridges Dumpling Baked or fried product
Kaffir beer Ogi Banku Bread
Pito Toko Kenkey -

Iced Kenkey - - -

|

|

,LE Functional Properties

£ =

!' aqE Due to the increasing cost of food proteins and the trend
towards coﬁplete f;)od formulation from refined ingredients, there is

~a groring need for less expensive protein., These should possess

ug'qmmmte funetional properties for their successful utilization in

ous food products (Einsella and Kevln,l"l76) The critical functional
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- most natural goods. Bechtel (1950) revealed the relationship
between starch gelatinization and protein during baking. Proteins
in breaddough are highly hydraled whereas starch absorbs %ittle

],, ‘ water, At higher temperatures the proteins become denatured and

", loses its water binding capacity. In the presence of insufficient
vater during gelatinization, swelling of starch gramles may be
greatly inhibited (Katz, 1978).

I ‘ Watson and Johnson (1965) studied some effects of egz

I albumen, gelatin, methyl celludose and carboxymethyl cellulose on
| the gelatinization of un-modified corn amd wazyn maize starch.

A Gelatin inhibited gelatinization of starches more than albumen.

.Fl‘  Hethyl cellulose affected starch gelatinization but the effect is

less. Carboxymethyl cellulose had pronounced effect on starch geia‘cini—

X zation at all tempematures and moisture levels.

Sod Scane functional properties were showed by Kay (1976). Defatted

e p@%ﬁg‘ﬁg@ treated with MaCl and pH of suspension was adjusted. Those

roduced the least increase im  foam volume and formed poor

. Multipde regression snalysis showed that functionality of
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 Cereal product exhibited different functional properties.
 The functional characteristics of bwo millet starches were
determined and compared with those of wheat and rye starches.
The millet starches showed higher water binding capacity values
- and gelatinization temperatures than the wheat starches. Solubility
of millet starches were lower than those of wheat. Imylograph

viscosities of millet starches were higher. The millet starches

'prodﬂn ed swelling power values at 90°C which were similar to
b wheat starch (Klaus and Greg, 1976).
Kay snd Kinsells (1976 studied the functiomal propefies of
‘S"ugeeinylated and acetylated soy protein. The color and agueous
" solubility of soy proteins were markedly improved by succinylation
of amino groups. Both emulsifying activity and emulsion stability

"{'ﬁ:‘exe improved, foaming capacity end foam stability were also improved.

“{‘@éﬁg@& heglifrible changes in the functional properties.
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_ 'Ehe partial hydrolysis of peanut proteins by papain

» ssed I:.salubility in water and foaming capacity ard decreased
These results suggested that incorporation of partiallf'
peanut proteins in certain foods, where those character—

 istics are desired has some advantages (Larry, 1977). Other treat—

ments on peanuts has pronounced changes in the functional properties.

ry (1977) reacted succinic anhydride with defatted peamut flour

el

oL CR e (TPt ik e+

ik

at pH of 7.4 - 8.0. HWater retaining capacity increased, water

. absorption capacity increased, and the emulsion capacity also

| v

 increased.
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3.1  MATERIARS

Bedtiata Warlin loloth
'b) Exhaust box

c) Centrifuge (Gallenkamp) A, Gallenkamp and Co. Ltd.,
Ingl and.
d) Blender (Yaring) - (Eberbach Coporation, Arm Anbor, IHich,USA).

e) Blectic Cooker (Creda)

-

f)‘(;;;c-lﬂitional Barthenware bowl

#) traditional Barthenware steaning bowl

h) Grinding 1iill, st®aub Model 4B, Straub Co. Phila, Pa 19020,
6 S

i) Sieve Mesh

o R Ay
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)
e m/ cowpea DAYS OF GERM INATION
0 1 2 s iy
: 5?/ 20 U D U D U D ul b
60/40
70/30
U= Undehulled =~ D = Dehulled

Bach of the 4 batches of seeds was divided into 2. Half was
&;ﬁulled whilst half was left undebulled., A total of 24 products
were oﬁtained.

Chemical analysis - Fat, moisture, protein and functional
efiisracteristics - water absorption, swelling, gelatinisation were
pém;foﬁned using the above products. Sensory evalustion to determine
%ﬁélacceptability of the dif ferent products was done.

Analysis of variance wWas used to shof any significant effects

T .‘%r:‘tr'eat'nmts on the product.




4 ’faatches of §00 gms of cowpea seeds were weighed into 1
11tre beakers. They were cleaned with water and the excess water
was drained ofif. One batch of beans was not germinated, serving
as the control. The other three batches were germinated for 1, 2, 3

days respectively.

.  The seeds were spread in al;'.lé;minmn trays, sprinkled with Ls
flﬁ water covered with wet muslin cloth. Seeds were constantly
sprinkled with Mater to prevent drying and kept at room temperature.

- After the required days of germination, the seeds were
collected and the sprouts were broken and dispose of f, Hach ba,f;ch

o was divided into two. One part was dehulled and the other was left

 undehulled, Both the dehulled and undehulled seeds were spread into

"tmys and dried in the sun. The dried seeds were milled into flour

~corn was cleaned, washed and steeped in water for 24 hours.

: ,wam removed from the water and drained to get rid of the

: sd into Slmu' using the laboragtory milling machine.

S



3 levels of corn-cowpea mixtures were prepared. Dehulled

and undehulled cowpea seed flour were used. The 3 levels were

Carn % 70
Cowpea % 30

60 50
40 - 50

150 grams of each level was prepared.

Fig. 3

ow_Chart of stepns for the Prepgration of Corn-Cow roddct

| Cowpea flour !

] Cormmeal I

mixed thorough in a

blender at desired
proportions

steamed in Exhaust box for 20mins.

i Steamed

Product |

N

drjedin earthenware bowl

Dried Produwt |

=i

\a

| f:.an;-ac’blon | ‘anrse fraction |
- 4 :
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Bl
P

opment 'of"‘a‘Pré:eooked Product from comndough

= )
. Fermented and unfermented corndough were used to prepare
‘ 'Ehe pr-eductS. The méthods of preparation was the same as that

in Fig. 3, except that the traditionmal earthenware steaming bowl
Tt
was used instead of the exhaust box.

‘ Fig.4. Flow Chart of the steps in the Preparation of the
‘ corndough Froduct

2 i

: Corndough J

‘ : 1. Spread dough over the steaming bowl
\. blaced tightly on a bowl of boiling
water, Fig. 6

2. lLeave to steam cook for 20 mins.

N/
Steamed Product

1. Break agglomsrates
2. Dry in the earthenware mashing bowl

LS

ST ‘Dried Product ]

1, BSieve to obtain fine fraction

Package into polythene bags
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’3?“.5.1'," '?a;!;ef Absorption Characteristics of Products

Two grams of sample Was weighed into a graduated centrifuge
'h‘:"ﬁu%e'. 10 mls of water was added and stirred. The mixture was
allowed to stand for 30 minutes before centrifuging at high speed
(5000 rpm) for 15 minutes. The volume of the supernstant was read.,.
Water absorption was calculated in gH20/g sample.

g H20/g sanple = X - Y o
weight of sample

where £ = dinitial volume of water
Y = volume of supernatant

Exper_iment was repeated for all the samples

il Viscoamylosraph curves were made using a Brabender viscoamylo-

‘Wwith a 500 cmg sensitivity catridge at 75 rmp. It was operated
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smpensa.en was st:.rred. Suspension was left for one minute to

‘- ) it st

‘ settle and the volume was read., ©Swell volume Was then resd at

5, 10, 15, 30, 45 and 60 minutes.

Moisture content was determined using the air oven method.
(American Association of Cereal Chemistf{Af CC) methods 44~40,
Ak CC Approved methods (1963)).

Protein content was detemmined using the macro-kjeldhl
method (Association of Official analytical Chemistry (AOAC)
method 2,049, Official methods of analysis A0AC (1975).

Fat was extracted from sauple using the method of crude
fat determination from the Association of Of ficial analytical

Ohenistry method 7.045 AOAC (1975) ps. 134.

nal Ly a,dﬂed to prepare the complete
‘ v

~

‘t‘qg masﬁonnalre (A?p- s




The costing was only approximate since it was dome only on

"‘:ﬁhe ‘basis of raw material cost. Cost of water, steam clectricity

- and labour were excluded.

¢x/ke
¢y/xe.

or. S Total cost of corn

" B | ] cBW'p ea

ii) Cost of weight of material use. e.g. corn

e

|

|

I

| = Xx weisht of material
" U (O]

|

‘i Thus the total cost of the product made

& j = total cost of all the individdal cost

caleulated in (ii) for the materials

The total yield of the product from 100gs camposite was

~ Inown e.g. 7 g8.
R LA T

W—‘F—“ i,

T _eosr’a. = total cost of all the individual

~ cost caleulated at (ii) for the
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4.1 Raw NMateiral Treatment — Germination and drying of Cowpea seeds

. —— i

About 500z of cowpea sezds (Vig:n_a ungg_iculata) were used
in .e.’g.ch batch of germination.
Table 7 shows the increase in weights of the cowpea seeds after

germination,

Table 7: Increase in weight of cowpeas gfter germination

 Germination days weights/g
Initial Finsl Increase
0 500 850 350
1 500 968,15 488,.5
2 500 1080.0 580
) 3 500 941.8 441.8
~ Average IncreaSe 464
o
T S L
M’?!ﬁér-g Was an average increase of 464 grams. The increase

el
s

,,&ﬁ"gﬂmce of sprouts, Some of the seeds were

washed whilst some were undehulled and washed.
i ‘.

dried in the sun for 10 hours,

long method of drying, there
S

- is also a simple and easy



=
"v‘ 1 Ny

| method of drying, involving no sophisticated equipment i(. Apart "%
from these, sundrying can be used by both rural and urban folks.
However, éundrying is not the best method of dehydration when
production is on a large scale.

Table 1 shows the weights of cowpea during the drying
period. The data was plotted as shown in Fig. 7, The change
in weight of the cowpea seeds after the drying was over was
calculated. These values are shown in Table 8. Analysis‘ of
variance Was evaluated on these values. Table 9 is a sunmary

of the analysis of variance calculations.

Table 8: Difference in the initigl and finagl weights of seeds
during sun dryins
Glelr moioniy o on sdea oy g
& Treatment 0 1 2 3
Delmlled 1441 230.4 286.,5 216.4
U;jadehulled 2075 ) 559, 2 Do

Summg of 'ANOVA' of the effects of germination N
‘dehulling on th e in weight of seeds during sundryi

et S8 1S F

3 | >3%a5.6 | Ts1.86 | 9.5 %
12442.53 | 12442.53 | 15,28 o
; 814.22
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£

Riions e

3 - 3 -: :i
A -~  Dehulled seeds gl e

B -  Uniehulled seeds T

0, 1, 2 and 3 are the various germination days.

|
-
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From Table 1, the initial weights of the dehulled seeds

were less than that of the undehulled seeds. This may be due

to the dehulling process where all seeds coats were got rid off.
This treatment also involved the loss of raw materials thus
contributing to the reduction in the initial weighfs of the
dehulled seeds. The difference in the initial weights of
dehulled end undehulled seeds shows the significant weight which
the seed coats add to the total weight of seeds. Iowever when
dried the weight of the seed coats are greatly reduced. The
rate of dehydration of seeds coats are also high since structurally
they are basically simple. Table 8 further shows a greater change
in weight of the undehulled seeds during sundrying. 7This means a
greater lost of moisture in these seeds. Hcwever, this higher

changes in weight nay be due to the change in weight of seed coats

after it had been dried.

Analysis of variance shown a significant effect of the germ~

on and dehylling processes in the lost of moisture in the
Ghange in weight increased with the increase in mumber of

on days. e

>§ mﬂme content of seeds before and affer sun

eTmined So as to compare the initial snd final

1 moisture a material
»m equilibrimm moisture
; T "5

by



eaeh processing stage

Cowpea (500g)

Germination
Cerminated seeds (965g)

5 I l Dehull ing
| Corn (2kg) (5372)Unde~ Dehulled seeds (436g)
| hul led seeds
i‘ 7 'soaking sundrying
| Drained corn(2.6kg) Dried seeds
i %
1‘ | milling Jmilling

e ébiﬁ‘meal cowpea meal

.

Ccmp051te flour(150g)

(carn  90g)
(corpea 60)g

steaming
L ~ Steamed Product (293)g.
Drying

-

% N3Sieving
~ Fine rrm'tion (258. 3&;)
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Fig. 8 shows the materials and their various weights as
ﬁrﬁ'ﬁg éﬁ‘ﬁé‘?‘ each processing stage. The figure shows a complete
processing chart for the dehulled secds. However the stages
wéive‘:,,a;s-e repeated for the undehulled seeds., 90z of the corn
meal prepared from the 2.6kg corn was used in the preparation
of the 49:60% composite. ILikewise 60g of the cowpea flour was

‘u‘sed in preparing the composite. Different ratios were further
prepared from the undehulled and dehulled cowpea seed flour.

Some of the composite flour wae lost during the steaming
and drying processing. The redyction in weight of the steamed

preduct after it had been dried may also be due to the evaporation

of moisture from the product (uehydratlon) Heights of the different

For

H" p;‘ﬁd;nets are shown in Table 10, -

Gnﬁe names for the different products

}—=' 30% cowpea T0% corn
Ba5 0 40% ; 60%‘ 3
-  50% e 50% "

A
B

i
-4
=4
4
£
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Table 10: % Yield of Products after drying

- -
Sampié ; Yield % Weight/g Sample Yield %| Weight/e

0w 59.1 88.65 AV 47.5 1.2

BD_ 60,9 91.4 o 55,5 83.0

op, 66.2 99.3 cx, 57.3 §5.9

o, 57.2 85.8 a, 49.4 741

aD, 57.9 86.9 o, 56.3 84.5

4D, 61.9 92.9 oy 66.5 9.7

aD, 54..4 81.6 A, 57.86 | 86.8

m, | 56.9 85.4 B, 53.9 £0.8

T 90.3 ot 52.9 79.3

: m; 52,86 79.3 v, 59.5 | ©9.2

| 56 86 85.3 B 61.4 92.10

ey
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Table 11 is a summary of the analysis of variance calculations.

Table 11: Summary of ANOVA on the effect of
treatments on weights of products

Source GE e S M5 r
Germ., & 58T 19,56 2.605
Ratio 2 346 .64 75852 23.087 s
Error 83 623,09 T<507
Total 89 1087.65 12522

*% =~ @gignificant at P € 0.01

ns - no significance

| The different treatments given to the products during the processing
attributed to the differences in weights of the products. Analysis

of variance on the weights of the product (Table 11) showsd that

 dehulling and preparation of the composite had significant effect

ﬂfﬁe final weight of the product obtained. The presence of more

weights and yield




There Was not much change in the weights of produci;s
prepared from the different germinated seeds. The Anora table
therefore shows a non-significant effect of germinztion on the
final weights 91’:' the products. Differences in weights of the

products are due to factors such as dehulling and ratios of the

raw materials in each product.

4-2‘m2' ‘St'e ﬂi% alld DI'Y_J_.' !E

‘The different samples were steamed separately in the ezhaust
"box. After steaming sane of the steamed products adhered to the
trays used. This does not usually occur when the S"teallling' time
) “i:é‘ less than 20 minutes. Previous work on similar product develop-

ment showed that the best steaming time for such products was 10 -

: -WMutes (‘Mensah, 1981 ) The adhersion of products may therefore

ﬁ'ﬁb@-ﬁé-‘v‘eﬁthe long steaming time.

contents, browning occurred. The browining may be due to
of steamed products. Browning - may also be due to

ents given to the raw materials. These treatments

;fmen'ﬁatien. Proteins and carbohydrates are

(peptides anino acids, glucose) during
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;"";"'““The ‘products also formed large agglcmet‘a%fés;s vhich could
“.myt be braoken up completely during the drying period. The agglo-
‘_ 'gérgj;e formation affected the yield of products and hence the
significant effect of the ratios on yield, since agglomerates
formation increased with increase in cowpea level.

Coarse and fine fractions of the product were obtained.
' Bvidence of the high protein content of the coawse fraction is an
indication of agglomcrate forma tion by the cowpea component. Agglo-
‘me‘ra.tes are glso formed easily with high moisture foods. Pre-heating
by steaming is another factor which aids in aggloméra‘ce formation
(Dovlo et al, 1975). The reduction in the yield which resulted

.jga,n‘b';ly from agglomerates (Coarse fraction) can be aveided if this

. fraction ies further milled to finer particles.

~ The moisture, fat and protein contents of the different samples
hown in Table 2. Coarse and fime fractions of dehulled seed
Nt 5

m analysed from their protein content. Due to the lack )
. 2 o

ixi‘e“ analysis was done on only dehulled seed samples

ulled seed saﬁlplas Were analysed for their fat

-~ o .
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Tgble 12: lioisture, Protein and Fat content of Products
MOISTURE % PROTEIN % FAT %

‘Sam;gle % Fine Coarse Dehulled | Undehulled

4D 16.49 & 0.14| 15.4130.25 | 9.62:0.07 | 2.60£0.91 | 2.98+0.03
BD_ 9.68 + 0.21] 15.64+0.16 | 10.55+0.41 2.5140. 11 2.62:0.41
eD, 8.91 + 0.07| 19.64+0.28 | 10.96+0.53 | 2.37+0.03 2.04+0.08
AD1 11.87 £ 0.27| 12.55+0.7 9.61+0.74 2.27+0.,32 2.314+0.19
BD, 10.81 + 0.69| 15.64+0.61 | 13.40£0.25 | 1.9080.55 2.5140.24
oo, 1.51 + 0.54| 16.9340.30 | 13.28+0.27 | 1.40+0.07 1215817
AD, 10.56 + 0.67 11.0210;77 9.48+£0.18 | 1.9049.71 343540,01
B, 13462 + 0.17| 16.1140.21 | 10.7440.56 | 2.31+0.23 2.7040.56
| 8.81 £ 0.28| 16.65£0.38 | 14.2510.05 | 2.18+0.04 1.53+0.06
1625 £ 0.19 ] 10.7850.05 | 9.75:0.69 | 1.7120.03 | 2.41:0.33

- mqi o,;rz 14,6540.65 | 12.04+0.71 | 1.38+0.36 2.624102

I 9.4840.52 | 1.98+0.86 2.3340.86

15.45:0.81




The :irn‘éi‘stuvre content of the products were relatively high as compareé

. tov‘si:milar dry products eg. Cerelac ?Oﬁiand Gari 11.7% (EyeSOn & Ankrah).
ObgerVation from Table 12 indiCates a slight increase in moisture
content with an increase in the level of corn, The corn used was soaked
for 24 hours. The moisture content of the corn meal was therefore high.
This may have affected the moisture content of the products with a high
level of corn.

In attempt to reduce the moisture content to the minimum,
products werﬁe-lg'otfn}ng. Because of the high moisture content, it is
possible that these products will not store long. Lower moisture levels
can be attained if browning could be prevented.

7 | The eXZtenlled steaming time in the processing also contributed
" to the hish moisture of content of the products. Protein content of
ﬂehulled seed samples were de’r.emuined. The protein content of the

frgct:.ons were zlso uetermlned This was to find out if the

Ly o

ion contained high amounte of proteins. The proteins of the
increased with aniinerease in the cowpea flour of the

@h&re Was a decrease in the percentage protein as germination

> hy ‘l:he grew:.ng shoot. In the ungerminatea seed

1'@1%) t‘he proﬂ;ein ccnten’c was very high.

i o B

] Mm pa’aduet was made were not
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products were mostly the blends containing 40% znd 50% covwpea flour.
These products formed more agglomerates during the steaming and drying
stages.

The cowpea added to the maize was to increase the total
protein of the product and also to improve some functional character-
istics. The protein content of maize is 5.8‘}.‘» (Byeson & Ankvsh, 1975).
From the protein content of the products, there is an increase in the
i;e;gggml; protein (of maize). This indicated that the cowpea had

supplemented the protein of the maize since itself decreased in
protein content.

The fat content K—"of the products are also shown in Table 12.

The fat content of maize is 3.9%% and that of the cowpea is 1.5%
(ﬁyeaﬁn & Ankrah, 1975). The contents of the products are between
t’he’se values.- The corn fats supplemented the cowpea fats.

M""‘ Undehulled seed products showed a higher fat content than those

ded seed products. This may be due to the presence of the

The germ of the cowpea contains ome fats, and this micht




The treatment given to the cowpea sesds was reflected in the
fat content of some of the vproducts. Products prepared fron
ungerminated cowpea seeds showed s higher fat content. Within the
germinated seed products, the 2 days serminated se=d product had
relatively higher values. This also applied to the protein content.
Thus in selection of the number of days to germinate seeds(to prepare
product) in order to obtain an optimum nutritive value, it is best to

germinate for 2 days. -

4.4 Functionsl Fropertiss

l.4.1. Mater Absorption of Corn/Cowpea Product
Proteins when present in even small amounts may have significant
effects on the physical properties of foods, some of these properties
 are emulsion stability,foaming, water binding and solubility. The
:h_ﬁ'.-:_ y m@ﬂug{; preﬁared has a high protein content, and thus may influence

Therefore stuldies on some

héfra’cterisﬁcs of the product were made. The water absorption,‘
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of corn/cowpea product

- Ungerminated undehulled seed product
- Ungerminated dehulled seed product

- 2 days germinated dehulled seed pfo@:u;ct ’

— 2 days germinataiﬁlehuj.ied seed product.
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from the seed coat might have absorbed water. Comparisons of the
water absorption characteristics of a similar product and gari showed
that e‘orn/ cowpea product did not have a high absorption as geri
(tlensan, 1982).

Particle size is also g contributing factor to the water absorption
of products. Pomeranz (1971) showed that flours with smaller average
,g@ft-icle size would have higher absorption values because of greater
specific surfaces, '

Hydration was. also showed to be more rapid at finer particle
size. o0 that to improve the water abscrption capacity of the product,
finer particle size should be obtained by further milling the product.

" Phe finer particle size product will also be more acceptable as a

 weaning food.

. Pig. 10 illustkates the increase in water absorption with an

8e in germination days. Optimum water absorpiion is observed
pt—roézuct from the two day germinated seeds., HFurther, Fig. 9
ﬁe curves for the germinasted seed prodirts were higher

indicating a higher absorption. Thus in practice the
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Effect of Germination time on waber
Absorption of corn/cowpea  product
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Gffect of Germination on the swelled volume of
corn/coupea product

1y 2, 3 and 4 represent the curves for products ‘

prepared from O, 1, 2, and 3 day germinated dehulled

seeds respeetively. |
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Hise sl

Lffect of time on swelled volume of corn)
1 = 30% cowpea dehulled and ungerminated
Dl 40% M dnis " (]

sahieiled

3 - 50% cowpea dehulled and ungerminated
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dmpertant in foods and they impart characteristics such ag body,

l thickening and viscosity.

' The extent of cold water swelling is governed by the granule
structure and also other factors related to the extent of water
absorption. Thus usually there is a high degree of water absorption
corresponding to a relatively high swelling activity.

Pigures 11 — 13 were plotted to show the effect of the treatments
on swelling of the product. Fig., 11 sShows the effect of germinatiom
on the swelling capacity of the product. TFrom the grsphs, the maxi-
mum swelled vo'l}nsd-xdecreased. as the nunber of germination days
inereased. Meximum swelling is observed in the ungerminated seed
V' (; produet. Thus adversely gemmination of the cowpea seeds to produce

4

the product reducss some important characteristic functions expected

| from the product, making it more fifferent from gari.

.~ Fig. 12 shows the relationship betwesn the swelled volume and the
," 3 i __,‘__—n—'

t or level of cowpea flour present. The maximum swelled volume

with an increase in the level of cowpea flour. The effects

el of the cowpea Tlour on the swelled volume of the product

These effacts become proncunced when the
- Thus since germination of the sesds reduces

tlrere will be a further reduction if the



A - Ungerminated, dehulled seed sample
305 cowpea
B - Ungerminated, undehulled seed sample

305 cowpesa.
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et Swelling relates to some proteins and as germination reduces

\ ‘t:f-r- 1 Y
} +the leVels of proteins, it will in turn reduce the swelling capacity.

EM'

In Flg. 13 the undehulled seed procut swelled more than the
in ¢
Be julled seed prdduct. The presence of the seed coat contributed to
e e

the swelling of the unHehulled seed product by adding other fodd.

component (eg. fibre) to the product.
Rt 1
Swelling in most of the produts geach a maximum after ten

ﬁinutes. This means that the water absorption and swelling components
efthe samples reach a saturation point ater ten minutes. The

initial rate of water sbsorption was hish when the molecules were then

ﬂ'ﬁiblng water and thus swell ing (i.e.« 1 = 5 minutes). As the saturation

N

Ls-.‘":tt E’e’@ame constant. In practice therefore the maximum length of time

of 4 :
as appreabhéd, the rate.watér absorption was decreased until

4o attain & maximum swelled volume is ten minutes.

srminated and gemminated seed prdducts. 107 slurries were

g, y . i
' There was no change in the v1scos:.ty of the germinated seed
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~ The increase in the ungeminated cowpea samples may be due to
the presence of more starches in this sample than in the germinated
fs,egd,gample. (Adjei Twum and Splittstoesser, 1976) showed o decrease

in carbohydrates during germination. This may have led to the germina-

ted seed sample showing no increase in viscosity.

The low apd no incresse in viscosity of the slurries nay be

———

|  that during steaming, gelatinisation of the starches occurred, Thus
.,there was no further gelatination during the heating period in the
farinograph.
Previous work done on a similsr product glso showed no gelatination
properties (Mensah, 1981).
Senso; ‘Evalﬁation on Corn/cowpes Product

5.1, Color

"~ Analysis of variance was used to analyge the results of the sensory

'_ézkilustion of the corn/ cowpea product. Table 13, shows a summary of
Se

* Bummary of ANOVA on the data from color measurements

~ Source g 3 S MS r

21467 21467 98,93 b
e 3.6 1.66 ns
1556 7.78 3.6 *x

s




Table 13 shows the different effects of the treatment on the color
e*f”che prodgct. Dehulling had significant effect on the color of the
product. Anzlysis did not show any signiAficant effect of the different
ratios on the color of the product. The three blends could not be
separated on color basis. The color of the prodwets were almost
identical (with dehulled and undehulled Sample). Thus there was not much
difference in the sum of the acceptability scores given by the panelists
on the three ratios. The low value of the summation of these scores
(for dehulled samples) is an indication of the high accept bility
of the color of the products,

Howewer, there was a significant effect of dehulling on the color
of the products. The dehulled seel products showed én acceptable
bright yellow color, whilst the undehulled seed products had a dark

icolor. The darkness of the undehulled seed product was mainly due to

. the seed caat. This presented dark specks in the product giving it an

- undesirable color. Thus the sunuation of the scores of the uddehulled

duct were very high as compared to the dehulled seed products,

~

ws & low acceptability of the undehulled products (Table Iv).

. effect on the color of the product. This means that the

T amount of undehulled cowpea flour showed less

, & dehulled seed flour used in
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ARCLE. color measurements

Summary of ANOVA on the effect of zermination on

Source g o F S 8 Ms P
Germination %] 296718 | Te9% 4.61 w ik
drror 56 56.39 4 1.712
: . Total 59 120,18

Table 14 further shows a significant effect of germination days

on the color of the product. During the germination time there were

sparsely distributed mould growth on the seeds, which was unacceptable.

3 g"ﬁ tge Beeds‘.

ts (Table VII),

As the number of germination days increased, these growthsalso intensi-

i these mould

had an effect

This was showed by the scores of the

Those products prepared from the
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Table 15: Summary of ANOVA on the data from the flaver

i i ; measurements

& Source Sham a5 85 153 F
Dehulling (D) 1 Bt tE Bs1 11.06 *%
Blend (B) 2 15.09 7.54 2.66 N.S
B X B 2 6.86 4T a2l N.3

“ Error 84 25T8T 2.83
Tatal 89 291.12
‘, B 1_‘,_'?:‘_““_.
Table 16: Sumn of ANOVA on the data of effect of
5 i ;

germingtion on flavor

¥

|
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Tabie 17
‘ Analysis shew a s:Lgm.fleant effect of dehulling on the flavor of

fﬁhe product (Table 15). The level of carn end cowpea showed no

fslgmflcant effect. However the summation of the scores (in Table V)
of the ratios shows a hicher acceptability of the products with lower
i levels of cowpea.
The flavor of undehulled seed products were less acceptable.

‘ .éermination also affected the flavor of the product. Ungerminated
‘seed product had a desirbsle flavor. One and two days germinated
see'a products were also acceptable.' The summation of the scores for
;!;he 3 days gemminated product was high showing a slight unacceptability.
(Table X).
. Although germination had some effect on the flavor of the
product it was not very undesirable. To obtain a particular flavor

in the products, variations in the dehulling and germination treat—

ments can be done.

Summary of ANOVA on the data from odor megsurement

Source | a.f ss S ¥
1 48,40 48.40 24.16 ok
2 6.43 321 1.605  ns
¥ e 2 0046 0251 0 15 ns
| o 168— 27 2.003
&



S

-

‘f&iale“”jj; shews that only the dehulling treatment of seeds had an
| :eif'feefb. on the pdor of the final product. The dehulling seed products
Wwere more acceptable as compared to the undehulled seed product. The
panelists were able to detect the difference in odor of the two sets
of products. There was no significant effect of the levels of corn
and cowpea on the odor of the products. Any difference in the odor
may be due to change., THowever, these difference were small and may
 be neglected. Therinteraction of the two treatments i.e. blend and
dehulling showed no effect ¢n the odor of the products. Thus dehulling

does not change the flavor of the product as the amounts of cowpea is

?aried .

on odor of corn,Lco!;gea product

~ Source e £ 83 MS P

200 R

Bl ' Germination % 8.56 2.86 1.63 ns
4 i 56 97.07 1.75
al LLARED 105.65

ion ofrseeds had no significant effect on the olor of the
» 18). However, the summation of the scores on the
d seed product showed differences although these




During gernination . a number of changes occur! in
e :

the organic and inorganic constituents of the seed. Organic compounds

are the main constituents that result in the flavor and odor of foods.

These compounds may be activated or formed by the process of germination,

thus giving the difference in odor and flavor of the different day

germinated seed product.

4.5.4 General Acceptability of corn/cowpea Froduct

Table 19: Summary of ANOVA on the data of the general
acceptsbility measurements

Source dy i 85 M3 3
Dehulling (D) 1 41.34 | 41.34 10.88  **
Blend 2 4.95 247 0.65 ns
BXD 2 15.63 7.81 2.056 ns
Brror a4 319.2 3.80

Total 89 381.12

0: Summary of ANOVA on the data of effectf“cgemiggt ion
on the general acceptsbility of corn/coupea produch




6T

6 Ggmimatiqn and dehulling had effect on the general acceptability
of the product. The general acceptability is basically the taste of
the product. Dehulling improved the general acceptability of the
product, since the summation of the acceptability (Table VI) scores

of the dehulled seed products were lower than that of the undelmlled
seed products. Germination had adverse effects on the general
acceptability of the products. The two and three day germinated seed
products were preferable.

There was no significgnt effect of the different levels or ratios
on the general acceptability of the yroducts (Teble 19). The difference
showed in the summation of the scores may be due to chance and not
necessarily the treatment given. However, in the dehulled seed product,
the acceptability was improved ze the amcunt of cowpea increased. The
-égy;erse happened in the undehulled seed product. It is obvieus that

’ehe eowPe,a tregtment produced the difference in the acceptability of

.

v ‘bhe lgrqduct 4s the level of the undehulled cowpea flavor increased,
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4,6,1 Water absorption and Swellings characteristics

Table 21: Water absorption of Products

Sample gH20/ g sample
Unfermen ted kst
Permented 0.85
The unfermented product ebsorbed more water than the fermented

product as shown in Table 21. This was also observed in Iig., 14. The
unfermented sample swelled more than the fermented product.
Termentation could have affected these properties. The production
of aleohol from the metabolism of starches reduces the starch content.
~ Water absorption and swelling were characteristics functions of sgtarches
and proteins. In the absence of proteins the degree of water absorption
is reduced. So that the corn/conea which has a high protein content

- gbsorbed more water than the corndough product.

'fke high fibre content of the corndough products attributed to the

r high swelled volume.

on of the Cormdough Product.
r bo form gels under practical comditions im an importsnt
any food proteins and starches. In the corndough

‘;ﬁﬁmﬁw the function of starches, since the



A -~ Unfermented corndough product

B - TFermented corndough product.
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4.7 Sensory Eveluation of Corndough Product
.. Statistical analysis using the t-test was used in andlysing
the results of the sensory evaluation on the corndough product. The
;‘:,c_a‘.e@u;l.j:s of the t-test are summarised in Table 22.
el Eolon
" | Scores for the color amaiysis of the two products indicated a
higher acceptability of the unfermented corndough product. Iowever
‘the t vajue of the data did not show any significant difference between

the colors of the two products. This indicated that the colors of the

 two products were statisfically equal.

H@waver statlstlcally anglysis did not reveal



'
re

e

Panelists have showed high acceptability of the unfermented

dough product. This was indicated by the lower value of the

sumnation of scores of unfermented product in Table XIII,

4.7.3. Flavor and General Acceptability

In Table 22, the t wmalues for flavor and general acceptability

of the two products were not significant. The hypothesis was rejected

and therefore the flavor of the two products were equal. The same

applied to the general acceptabllity.

.From the summation of the acceptability scores on flavor and the

"gzenera,l acceptability, the unfermented product was more acceptable,

Fermentation therefore made a difference in the products. The acids

and alcohols produced during fermentation gsve the product a sharp
and pungent tgste. These flavor characteristics are sometimes acceptable
However in the prevailing product, these characteristics

the acceptability of t he fermented product,

t _values of the analysis on the gg:géoggg product

Odor Pl aeor

G.acceptability

-0.225 -0.822

_1-185

ns
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ginils:

4‘-,.,&;8, 1o Costing of corn/cowpea product

5

Ratio Cost of Product ¢/kg
St ST 81 AT

40 : 60 85.27

59 = 50 85.83

Calculations:

Cost of 2.5kg of cowpea - (160.00
To prepare 40:60 blend (150 composite)

60 g of cowpea was used.

60, wx' 160
2500

PR ¢ Cost

¢3.84

Bineo Cost of 3kg of corn = (120.00
T ;f'_._\_.,_, 90g cost  (3.60

The total cost of the finished product weighing
. 87.25g = 3.84 + 3.60 = (7.44

of the product cost

T 0 R
87.25 = (85.27

r ratios vere calculated in the same way.




of the products were relatively high when compared to

“'ég@é@m%ﬂ on the market e.g. cerelac. 1kg of cerelac cost 7

AL ,_a;w"rgrggely ’chis product has similar nutritional value as
%ﬁ leag;n,/ cowpea product. Some of the nutrient contents of cerelac
'

e as follows:

‘ pakion ; Proitieniis: 14..5%

| of Ll an Fat g T.a5%
|
h SR of Moisture : 3 . 0%

‘ nﬂf]ae ﬁr’d&uc‘ts however does not cost too much when compared to Gari,
~ Bince 1kg of Gari cost ({90.00 on the market. The developed product
Rl s e e e

‘.-",_-k n}lﬁﬁch#as nitritionally better than gari has a lower cost. This the
Lv!

can be used to substitute gari.

raw materials were scarce, the prices were high. This also

L WEERY K | L

uetitee Yo 21164 e
' s X C |
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CONCIUS I

The gemination of seeds in the laboratory was successful and
seeds were germinated with few problems as mould growths on seeds.
~ The method of germination does involve simple equipments which can
‘ bg afforded by gny social class. This means that the use of germi-
nation to improve the nutritional value of seeds for the preparation
of infant meals can be possible. The sun was also effective in the
drying of the seeds. This methol can however be used by only small
scale processors.
: Infant weaning foods in Ghana is usually prepared from corn.
The protein content of the corn-cowpea pro.duct was higher than that of
~corn. This product can therefore be used conveniently by weaning
m;ozthexfé. It can also be used as a breakfast meal for school children

Ml
o

gnd gdults,
A RRSY

Analps:.s on functional properties of the product showed that the




F‘ﬂu ‘,| o Rl

poT T
aacep‘baba.hty cf the dehulled seed products., The color, odor and

us Ak

fla,var were preferable as compared to that of the undehulled secds.,

Ungem.lnated seed products were also more acceptable. Turther

improvements on the germinated seed product can increase its accepta—

 bildty.
5 A second product from corndough was also prepared successfully.
| The traditional steaming method was used instead of the exhaust boxu

Thei‘e were g few _disadvantages in this method. Sinee corndough could
not be spread in trays as in the exhaust. Agglomerate formation was

f more feasible in this product. The product was therefore very coarse

rer, it can be further milled to breakdown larger particles.

b’e'u{ae’d in the home rather tlmn the sophisticated exhaust box

-is nat &lso avallable even inthe country.

The

] ﬁu higher acceptability of the unfermented product.



S‘im@ies to find cat the changes in the content of some vital

H_A‘r
itamins and amino acids of wowpea during germination.

lies on the use of the traditicnal steaming bowl to prepare

‘E‘he eenr-cmpea product rather than the exhaust box should be
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APPENDICES

Table {: Weights of cowpes during sundrying

PMme(H) e Germination days
! 0 1
Dehulled | Undehulled Dehulled | Unde,] Dehull Unde.}] Dehul, |Unde.
0 370 475 436.5 547 485 590 |343.4 |593.4
2 32045 419 S5 492,2 | 424 |522.3 |293.3 54.4
4 261.5 59558 262.5 371.0 |308.8 | 386.8 |1194.5 | 409
6 252.5 28715 2241 3081 1213.8 | 263:0 | 153 [320.5
8 226.7 272 207.3 275.5 | 200 |256.3 |128.5 |246.1
10 225.9 267.5 206. 1 274: | 198.5 | 250.5 127 240
Change
am -l 1441 207.5 230.4 275, | 286.5 1 558.2 [216.4 |552.7
weight
Table II: Water Absorption of samples
i Vsample gHZO/gSample Sample gHZO/gSample
; Qi'x_,%%b 1.9 AVO DD
! ﬁ})ﬂ_ 179 BUO 2.45
GDQN 174 CUO 2259
o 2.27 AT, 2.27
2.19 BU1 2+ 10
CU1 2.07
AU2 2.70
BU2 258

2s 15



WB443633684835655 MM
U3 el
=} O oSN Ins
B 1
o
W565538878994585% o
, W <t
)
[3)
=]
o
[e]
~ -~
AT (a8 B
w Gy I M W W oy w0 o B W W i ey BN W -d 7o W F T (o TR Ta o O
o)
B
0O
8
B8 e
SO = ol o0 ol B el Oy e~ on el el b= =el ey 3
O o\
{91
} = of
~ 3
M P VI o VT o Vo AN Yo N o V[ oV [ S S o VI Yo N Yo N o\ .
A o)
wuw.
m1,33222222223232










8 W
oy i
ol E o T o S TR TS TR S o S SN o W S o o B
O] O e By
»f o
5l \
ner ﬁ&
=l
ko] RS o
ol @ i
m ._n.w (0 [ o S 2y T o SO o S o Rt 1
tm.m
@ 5
& 8 o
of gl o @ v S S SV A 'o N Yo ' S VI Yo S
Hl o o
Him
HEy
e
lmn
< & o
o] o w
&= 13} {a VIR T o TR o NI S ' SR o VI Yo NI o

E8.

-y T IR E RN
2221325%32




L_.w w3
3] o IV
of o M N <k N <k
o O
o
g =
88 | o
&y © VKW NN
5§ 5 o o
o
=
E
E: ;
Mn w A NN NN
O]
A °
b
of A
=l I o
al o] a 9 A S NS NS
& <0

roduct

e




Tgble XII: Odor scores

fermer Unfermented.. Fermen ted
SN 6 5 4
: 6 | 8 6 9
2 3 2 3
il 8 2 3
$ 3 3 3
o l 7 7 7
3 f 5 2 1
By 4
o 5
i ;
3
8
e




Table XIV:

General acceptability

Unfermented |  Permented
- quiestd Bnad v 21, 3 2 2
$Betion |4 6 2
o Beass ) 5 : .
} 4 ¥ 4 4 4
. 4 :
7 7
3 4
3 3
- i
S




QUESTIONNAIRE FOR SENSORY EVATUATTON
?r@&uet:..-.a-n...v...u
N&me}-- o .7>o A R R S R »Date:. & & W e -.lfy‘"ivo
You have been given the following products to evaluate .The
questionnaire is in two parts,

Séction A

Please express your degree of acceptability of the dry products

with respect to
a) color b) odor
Use the following scale to express your acceptance

; - 1. BExtremely acceptable

rw - 2. Very acceptable

. 3. Hoderately acceptable
4,  Slightly acceptable
5. Neutral

6. Slightly unacceptable

7. Hoderately unacceptable
8. TVery unacceptable

9. Extremely mnacceptable

¥ }'@ﬂ;&" the sample code mumber and score which best describes your

‘the product for a given quality attribute in the appropriate




Please evaluate the products by eating and express your degree

of acceptability with respect to

g) Flavor

'b) General acceptability
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