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ABSTRACT

- Cereal-legume blends ( 70: 30) were prepared from roasted groundnut,
roasted corn, roasted cowpea, sprouted corn, fermented corn dough, steamed
cowpea and steamed groundnut, The blends were pre-gelatinized and dried
on the drum drier to give ready-to-eft products.

Chemical analysis such as protein, moisture, fat, calciium and crude
fibre contents were evaluated on the products, Functiongl properties
such as water absorption swelling properties of ingredients and the drum
drier were found to affect chemical composition of the products,

Moisture content of the products was found to range from 2,41% -~ 6,084,
High moigture was observed with the product containing sprouted corn and
cowpea flour ( steamed).,

Protein analysis shows that the products have high protein content
than whole cereal grain, The protein content ranges from 16.9% to 2, F.
The protein content was generally found to be high in products containing
groundmts,

Fat content was also found to be high and ranges from 4,3% to 16,8.%,
The fat content was found to be generally high in products containing
groundnut crude fibre content of the products was generally low and ranges
from 1,02 to 2.8k, Productsccontaining cowpea are found to have high
fibre content,

Caloium content was found to be generally lower than the recommended
diet ary lllwméo issued by FA0/MHO, The caicium content renges from
26,106 to 39.01%. Products containing cowpea hévo high calcium content,

The processing treatment of ingredients such as drum drier gelatinization,

‘ment ation, malting etc. were observed to influence the functional cha-



-factoristioa of the products. iater absorption of the products were

" higher at 70°G than at 299G, except fermented corn dough product, The
highest water absorpbed was found in product containing sprouted corn
and cowpea flour and corn dough ( fermented), Cowpea flour and steamed
groundnut products, Low water absorption was generally found in products
cont aining roasted corn due to the mofification of proteins,

Swelling of blends was observed to pe higher at 70% than 2% except
product containing corn dough ( fermented), cowpea flour and steamed ground-
nut, But this blend had the highest swelling capacity at 2% while the
rogsted corn blends had the highest swelling at 70,

The c¢ooked paste viscosity characteristics of products shows that initial
pasting temperature and peak viscosity decrease with inereasing roasting

“time, No wviscosity change was observed in blends cont aining sprouted corn
due to amylose activity, »

The sensory evaluation conducted on the products shows that the products
are highly acceptavble, In‘terms of colour, the panelists showed no differcnce
and the treatments also did not contribute to acceptability of the products,

This spplies to taste and flavour, (onsistency showed that there is
difference in the treatment.
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SHAT A 1
INTRODUCTIUN

1.1 The Protein Problem and attempts to Solve it

Protein Energy Malnutrition (PEM) has for a long time been associated
mainly with the devé.Lo;ping countries and starchy roots as their main source
of nourishment (Hanson 1974 ).

In most develLoping countries the weaning foods prepared at home
Usually consist of bulky mono-cereal food which is inadequate in energy
and nutrient content. In thana, the most common traditional weaning food
is porridge prepared by cooking a slurry of fermented corn dough into a
jorridgg or pap known as "koko", "akasa" or “akatsa" by the different
ethnic groups. The pap also produced from roasted corn is alsO commonly
called "Tombrewn", These corn foods have Low protein quality and there-
fore there is the need fOIV' fortification with high protein sources. More-
over the high starch of these foods allow them t0 bind so much water, yield~-
ing a_dgruﬁelb of fluid consistency suitable for the delicate mouth structures
of' in;‘anta. Thls dilut ion however increases bulk and renders the food more
: “

oLy

figuit to consume in one sitting and thus in turn limits the amount of
EUTERLEN

: ﬁe that cau.d have been derived from the gruel. Therefore when these
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mglnutrition in deveioping countries, fortification of commonly used
cereaJ.vproducts with énexpensive plant protein is needed. Most cereal
grain protein are low in lysine but have adequate amounts of sulphur

amino acids. Legume proteins on other hand are rich in the essential
amino acid lysine but naturally deficient in sulphur-containing amino
acids such as cysteine énd methionine, Because of the high lysine content,
lLegumes are capable of improving the prot.ein value of cereals by mutual
complement ation of the limiting amino acids.

Attempts have been made towards solving the problem by formulation
of blends of Locally available legumes (pulses and oilseeds) and cereals
to increase the protein content. These attempts were made based on the
folloving eriteria

1. Local availability of rav materials (legumes and cereals).

2. pbility to give products similar to adlready known traditional
Phen wid foads,,

2. Suitafile functiondl and sensory charactemristics.
; 3_13- _-Mutmt,iam,l advant ages through mutual complementation.

m»m%mwg 2 main approaches are being used to combat the protein-energy

d cereals. This method has not been very

now because Opbvious shortcomings and



b) The promotion of semi-industrial units for the
production of ready-made weaning foods of high nutri-
tional qual ity based on local cereal and legumes., 1In
Ghana, the food research institute, the hNutrition and
Food Science Department of' the University of Ghana,
Ministry of Health (Nutrition pivision), UNICEF, thana
National Commission on Chiidren and worid Vision Inter-
national are the major organisations actively involived in
research, develLopment and extension wurk on such formu-
lations (Plahar and Hoyle 1987).
In view of this, the National Food and Nutrition Commitbee ( NFCC)
of the Ministry of Health (Nutrition Division) has recently been promoting
a new infant weaning product caJ‘..Led “Weanimix" in towns and villages. This
is a blend of major cereal with one Or two Local legumes especially cow-
peas and groundnuts. The biend is a powdered food prepared from a combi-
nation of 4 parts of cereals with one part of legumes. The cereal used
is mainly corn, sorghum or miliet with the Legume being coWpeas or ground-

f

 nuts Or a combination of both legumes. This product has been found to be

high quality, high protein and energy weaning food.,

. In developing new proteinerich cereal-based diet, it is essential

3.




hara ht
i;;vtninsie or more desirable coLour, f1 avour, texture and functional
characteristicg of the traditionally accepted food at Low cost.
Plehar and Hoyle 198/ noted that to achieve ‘Ehe maximum benefit
from protein supplement ation in the common cereal diets, a careful for-
mu'J.a.t'ion and processing procedures for the production of' the creal/legume
blend is required. with regards to the PEM problems in developing countries,
cereal/legume mixtures are capable of' solving this widespread prob lem
through cmvbsély ax;d careful iy monitored blend formulations and controlled
processing techniques. Industrial preparation of such blends for distri-
pution as against home preparations will be more cOnwenient.
The protein Advisory group of the United Nations System (Pas 1972)
B.LsP noted that acceptability of formulated foods can be enhanced by
moderﬁ industrial processing such as pre-cooking and roller drying extru-
810n cooking and engyme treatments., They suggested that the food mixture
B ed & roccescd a0 thet by the addition of minimel
amount s of‘ freshly boiled water, it is easily and quickly prepared as a
] gnmal. or pﬁrrlége of the proper consistency for feeding.

wh5e

s ".L'his industrlal ‘methods of preparing precooked foods have advantages

ham preparatlon blends. These advantages are their convenience
40 pol g Tin
umm alnee it is ready to eat food just after adding freshly

,‘_,,ﬁiﬁti‘m‘ ad processing of weaning foods. Another

g@ to eat weaning food is



Nééﬁle thana himiteﬁ who produ-ees Ge‘relac. This is formulated from

J.Ocai.ly a.vall.ab..l.e cerea.L (corn) and J.egume (cowpeaj.

£1

l A8 0 B3 L
In view of the ab0ve advantages of ready-to-eat food over the home
S ol
prepar&tlon enes, this project is being undertaken to prepare pre-cooked

Weam.ng food w:l.th high quality but at low cost. The following ob jectives

if slig

are therefore being set.

e I T

1.2 UBJECTIVES OF THE PRUJECT

1. To farmulate cereal-legume blends from maize, cowpea and
. groundnut,
. 2, To deveiop products from the cereaLs and legumes using treatments
- such as fermentation, roasting and germination,
;w,,»; -3« To evaluate the effect of pregelatinization on the chemical
cogposj.t,ion of' the formmlated blend,
k. To evaluate the effect of pregelatinization, fermentation,

roasting and germination (malting) on some functional characteris-

tﬁ.es ‘such as Water absorption capacity, swelling and cooked paste
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Although the production of weaning food mixtures has been encouraged
at the household level, it is not making appreciable impact. It is
interesting to note that appearance on you markets with processed packaged
inf%mta foods are aliso making us resolyve thé problem. Many of such packaged
weéning foods produced in several countries have failed to make any impact
on ﬁrdb.l.ems of inf ant feeding because unless these products are sﬁbsidized
the prices a‘re not within the purchasing power of the majority of the

p90p.1.e (Urr, 1972). In view of the above information it is necessary to

formu.Lat‘.e and process weaning foods with good quality but Low cust.
, The cereals mainly wheat, corn, rice and sorghum are the world dietary
.prqt?in supplies of aout 50rn, The remaining 50, is provided by:

i) vegetables (204) such as soy-pean, peas and dried

beans and
L
. ii) animal product ( 304) in the term milk, fish and meat
~ (Deutscher, 19(8)

.,b‘ ah?@“ ifin
S 4 kings ana Steinke (1978) stated that the degree to wnich proteins

a%e& is a function of the digestibility, amino acid composition
o -l,l-..- el

1:2“,}153‘;¢Ments of the organism fed the protein. The quality
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2.2 PrOcve‘ssiﬁg' functional Characteristics of Cereal and Legume

The Cereals = corn

The most important cereal in Ghana on the bases of acreage production
output and consumption is the corn grain, Corn has found a very wide use
in the cereal industry. It is processed both traditionally and by modern
technology. Corn appears to be the cheepest cereal commodity in Ghana.
Belom is the comparison of prices of some cereals and legumes by Ministry
of pgriculture,

Table 1: Comparison ot extreme prices of selected commodities
: at the wholesale for the week-ending 1/6/91

COMMODITY UNIT OF SALE HIGH-PRICED AREA LOW~PRICED AREA
1. Maize . Bag 10Ukg Ubu asi ( £15,500) Techiman ( £8,000)

2. Rice (local) Bag 10Ukg Bolgatanga ( £25,000) Tamale (@14,500)

5. sorghum  Bag 109kg Koforidua (£19 ,000) Tamale (£11,000)

4. Millet Bag 93kg Cape Coast (£20,000) Bolgatanga (f#12,009)
5. Groundnut Bag 82kg Koforisua ( £27,0u0) Tamale (£1/,000)

6. Cowped white) Bag 1U9kg Makesin, Sekondi/ Tech iman ( £20,500)

Takoradi (£29,500)

2 GWWMSIWM&& composition of corn (Zea mays) Inglett 19/0 gave the




e s %3 h
The mgajigrﬁ%@g@ﬂ}tsz of the Whole grain are therefore starch, protein
@\3@>lip‘i.d¢ Ll’he s__@geh granule in corn contains about 2% amylose and 37%
amylopectin, However, this ratio mgy vary depending on the variety of ‘
corn, soil cé‘,n'sistuent and other factors., It is these chemical properties
of the starch in the kernel which account for the textural behaviour of
corn during processing e.g. formation of gel on cooking.
‘The protein in cOrn comprises:
i) Albumins (water solLuble)
Wil et on §4)  @lobulins (salt ‘solubles)
~ diii) Prolamines (soluble in 70-80Cs ethanol solution)
~ ' dy) Glutelins ( soluble in ageous solution).
The properties of the proteins influence certain functional and processing
characteristics of corn e.g. water absorption capacity.
Pae Dovlo (1970) reported that corn is the major source of calories and
protein in Ghana. Plahat and Leung (1982 also reported tha corn accounts
: wm@m% of total calories of coastal Ghanaians.

~  Traditional food processing methods play an important role in the

Bk

foods or the food ingredient is processed using simple

.J}-;‘Mgs@-_fpf‘_me technologies are based on local



2.3 Processing Methods of Gorn

2.3.1 1) Fermentation

Common products is "koko" - porridge for which corn is steeped in
water for 2-3 days, wet milled wet sieved and fermented for at least 12-48
hours (Dovio 1970). The final product is cooked to produce a thin gruel
(porridge) which is used as weaning food for infants,

buring fermentation, the flavour and nature of the food is altered
due. to microbial action, Cameron and Hofvande (1971) reported that fer-
ment ation of whole grain corn in west Africa resulted in an increase in
riboflgvin and niacin content. But fermented corn mesl is high in moisture
‘co»ntﬁent and therefore spoils easily (Harnod and Field 1979).

Banigo and Muller (1972) identified eleven carboxylic acids in corn
meal during fermemtation , Of these acids, lactic, acetic and butyric acids
Were important. Plehar and Leung (1982) also found that the development
of carboxylic acids during corn meal fermentation was influence by the
ﬁﬁﬁiﬂ ‘moisture content of the dough.

2.3.2 ii) Roasting

sting causes:

ﬂdﬁ&*’&?z&é inereasing acceptability in products,

: WW&LLity of cerea;L and legumes is

ates the engyme that cause the

o, e, "Q@mtmg aileer reduces

ed as drying process,



S O
The stability of the grain is e impro ved.

During roasting the husk colour changes and fuse to the aleurone and
testas The endosperm also undergoes_ a pyrolytic transformation, The
starch undergoes partial hydrmysis‘ and cross-linking within the granule
resulting in neWw glycosidic bonds formation. At. the same time reaction
resulting in the transformation of the starch, celLl wall and protein
matrix into a homogenous mass which is Water sOluble Occurs. Some of the
endosperm glucose, is dehydrated to form 1, 6 anhydro-B-glucose (laevoglucosan)
and ultimately to 5-hydroxymethyl furfural through the Maillard reaction
( carbonyl-amino condensation reaction). This gives characteristics brown
¢olour and flaoour compounds formed during roasting,

Nutritional availability of some amino acids on the side chain of
Llysin ( B-NHp) is the preferred site for initiation of maillard reaction,
The Lysine bound as a result of sugar carbonyl-amino reaction has Llow
nutritionsdl value and cannot be utilized by the body. Amino acids such as
argininine, tryptophan, Histidine and Threonine have also been found to

react with carbonyl group of sugar during heating of the grain. Hence

roasting of cereal and legume result in considerable damage to nutritive

In Ghana, roasted products are usually eaten as snack foods e.g.
(roasted corn) or as roasted corn porridge popularly cal.ed

n" which serves as Weaning for infents as well as breakfast



e =
beverages such as Nmeda, Ah'éi and Aliha. Sprouting is a process that
involve the germination of seeds and can be achieved without the use of
sunlight or soil., The reactions involved in sprouting include the break-
down of certain material in the seed transport of material from one part
of the seed to another especially from the endosperm to the embryo or
from the colyledon to the growing parts. There is loss of dry weight
due to oxidation of substances on one hand and leakage out .of the seed on
‘the other hand. Totsl lipids decrease both in the endosperm and the
cotyledon as germination proceeds.

Corn Btarch has been hydrolysed to simple sugars by amylose engzymes
during malting., Corn malt cOntains low molecular weight compounds from
degradation of high molecular compounds in addition to enzymes, amino acids,
vit amins and sugars. Corn malt has been reported to differ from the corn
seed due to biochemical changes during steeping and germination which
affect the chemical composition of the grain (Briggs et al 1971 and Plahar
1976).

. Plahar and Halm (1970) reported that there is gradually decrease in

‘starch content with corresponding increase in sugars as a result of

13
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In evaluating nutritionally acceptable and microbiologically safe
ﬁeaning food formulations prepared from 70 : 30, cereal: legume combination
of germinated rice;. ‘mungheéan, germinated corn: cowpea, germinated corn:
munghean and germinated rice: cowpea, L.M. Marero et al (1988) reported
that germination reduced the dietary bulk of the formulations due to
decrease in viscosity of gruels, hence, increasing their nutrient density
compared to the ungerminated ones. They further reported that germination
increased the content of micronutrients such as phosphorus, Fe and espe-
¢cially in the corn formulations, B-carotene, thiamin, ripboflavin, niacin
and ascorbic acid but decreased in calcium, Marero et al also identified
that the germinated blends worked on had amino acid scores that epproximated
the FAVU reference pattern except for the s—containing amino acids.

The effect of using malt for reducing the dietary bulk of gruel base
has also been demonstrated by Svanberg and Mosha ( 1983). They showed
that viscosities of thick gruels are affected by the addition of germinated

‘corn when cooled down to 40°C after cooking,

2.3.4 iv) Gelatinization of Starch

-

- When starch is mixed with cold water, no apparent change occurs; but

‘the water is heated the viscosity of the mixture increases and if the

. sus uspension does not gel at the elevated tenpefature, it will

m cooled, This is the gelatinization of starch, This
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3. Temperature at Wwhicn observations are made and the length
of heating are import ant

k. The size of the grannmile. The temperature of gelatinization

decreases as grannule size decreases.

Process of g,el,atinization

This is in 3 stages.

1. In cold water, there is imbibition of approximately 25 to 30
pércent of water, This is reversible since the starch can be
dfi.ed. In this stage the viscosity of the starch-water misture
does not change;

g. Uccurs at approximately 65°C for starches., The granules begin

| to swell r@i@y and take up a large amount of water., Meyer

ey and Benfelf reported (cited by Meyer 1964) that corn starch at

60°C takes up 3000 water, 100y at 70°C and at point of maximum

swelling 2500, based on origin of starch., At this starch, some -
of the more soluble starch granules leach out and the granules

HEL .'M!.":'rf - change in appearance, This stage is not reversible.

u%’?\{Old is formed. Much more starch is .Leached out and finally
granule ruptures, spilling more starch out into the surroun-
« The viscosity of the fluid increases markedly and
gmm.na.atieid together so that they can no Longer

hﬁ-‘:ﬁce"] | AT e



proper Tcanditi-;ns’ 05 a gel, is now beiieved to occur through the binding

of water, In sterch granuele amylopectin and amylOse mOlecules are clOsely
bound together by Hp bonds of the hydroxyls. A H2 on UH of one mOlecule

is attracted by the negative charge of the Qo of a hydroxyl on another
molecule and this attraction forms a weak Linkb etween the molecules as

below

These‘aggregate‘ of molecules held together weakly from micel les. As the
fémpérifure of a water-starch mixture rises, H, bonding decreases for poth
the sfaz:chsstarch bonds and water-water bonds and the size of the particles
diminishes, The tiny HoU molecules begin to freely penetrate between starch
molecules, Conversely as temperature decreases, HpO molecules are bound

between the starch molecules and there is an increase size or swelling,

See diagram below:

#”*hgﬂw,zngwmxmoxécu.t.es are originally bound together, there are now

i ﬁﬁﬁ‘ ghanch,

molecules with HoO molecules in between, The sticking together

=3

.ﬂs__ia believed to be the result of moiecules from adjacent granules
i

‘acted and enmeshed in one another.

s through the formation of a 3-dimensional network
3 A ..--‘ﬂ‘n“' BiT L . e, &

s particularly the long straight chain amylose moiccules.

; _ht-)&.‘.*.".»df‘-_‘ ! i . :

laced through attractive forces between the

Hp bonding on Hp0 molecules. Highly

als and gel formation in

on of amylose rather



5 =5 t=
than J:Wkopzecﬁ»ih (Meyer 1906k ).
‘J- In the lLaporatory drum driers can pe used to gelatinize starches.

2.4 LuzUMES

Legumes are recognized as important dietary source of protein and
the B-vitamins in developing countries. In Ghana and most West African
emim:nies, ‘cowpea is grown ‘and consumed daily as steamed or fieid ( akara)
foods by a large proportion of the population (Phiiips et al 198y).
. Sefa-Dedeh and Yiadom-Fakye (1988) reported the chemical compoOsition
of cowped as shown in the table below,

' Tabie 2 Chemical composition of two varieties of cowpea grown
in thana on dry matter bases

_ Characteristics Westbred Ay aayere
oo ; (white variety (red variety) °
Modsture 155 56 15:50
Protein (NX 5.7) 22571 23,80
A AN pess. ! )
Fat : 1.81 1.55
L — -

o

- Byeson and Ankra (1975) also gave the chemical composition of groundnuts
3 - . -

‘I @iﬂh%sq ‘consumed extensively usually as snack in zhana ana is presemted

AR X

Composition in terms of 10Ug of dible portions

.‘Protein (NX 5.7)
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Lesumes contain antimutritional factors such as tannins, raffinose,
st achyose, phytic acid and trypsin inhibitors.

Ogun etaal (1989) reported that processes Like dehulling, cold and
hot-soaking, co olciné have effect on antinutrients such as tannins, mffinose,
st achyose, phytic acid‘and trypsin inhibitors, From the results, while
Little decrease in raffinose Was observed as a result of the processing
of cowpea, stachyOse was consideraply Llowered by all processing methods
except cold-soaking. As stachyose plays a key roie in the incidence of
flatulence, the observed reduction mgy be important. Phytic acid was
not affected by any of the treatments. The tannins were eliminated by
dehulling, indic!ating that onLy the testa of cm.npea cont ained these substance.
Trypsin inhibitor was greatly reduced by application of heat. Apparently
heat denatured the proteinaceous trypsin inhibitors which must be absent
in the testa since dehulling had no effect on the trypsin inhibitor capacity
of conpeas. Tannins are known to render ionizable dietary Fe unavailable
to the body.2.4.1 Problems with Groundnut

2.441 Problems with Groundnut

- The literature review will not be complete if mention is not made

of the probiem with groundnut. Feéking (196k) reported that in 1950 some
10

,000 young turkeys died in Britain in the course of a few months. After

ation severali possiblie causes, it was redlised that a factor common
outbreaks wns the presence in the feed material of groundnut
y a particular consignment. Further work indicated that a
.0

oorganism might be the cause of the trouble and

ains of the fungus Aspergillus flawus






CHAPTER 3

gy SRt £ s o
e 3.1 MATERIALS
FatE 3 -3 1§ Bt
5.1a EQUIPMENT

a) C:}ii;isty ‘and Moris laporatory :Mil.l.
. (Christy and Morris Ltd., Chemsford, England)
4¥ ;;'“ Benley B.S. 40U centrifuge
¢) Gallenkamp stove
'd) Visco-pmylograph (Brabender Instruments Co., USA)
e) Laboratory Miil ( Straud Co., Phila Pa 120201, USa)
f) ‘Solar Drier

- g) Thermoregulated Water Bath

h) Drum Drier

3e1b  RA MAPERIALS

| &) Corn (Zea mays) - ootained from the market, Accra)

# 'b) GCowpea (white type) = Vigna unguiculata - ootained from market, fccra.

' e) Groundnut ( Arachis Hypogea) ootained from Accra.

3.1c PREPARATION OF S AMPLES

bes respectively. The roasted corn were then
lythene beg and stored in a cold room.
,ﬂfokﬁd Lt o 3

WW Muller and Nyarko-iensah (1972)

e



a smooth dough. The pmepared dough sample was packed into large rect an-
gular plastic bowl with cover and the surface smoothened to seal any visible
opening. The container was then covered and left to ferment at 29°G (room
temperature) fo“r 3 days. After ferment ation, the dough was packed into
polythene bags and kept in a deep freezer.

3.1e GORN MALT (SPRUUTED GORN)

. The corn was cleaned, Washed thoroughly and steeped for 24 hours.
The so aked seeds were then spread in a previously sterilised sack ( in basket)
and covered with a sterilised moist sack for 3 days. The sack was kept wet
throughout the 3-day germination period by regular sprinkling of water.
The sprouted seeds were solar dried for 12-18 hours, sealed in poiy'thene
bags and stored in coid room (5°C).
3.1f ROASTED COWPEA

The cowpeas were then cleaned by screening for dirt, pieces of stalk,

stones, etc. The grains wer e then roasted on Gallenkamp stove put ab
mheﬁtﬂ.ng for 15 minutes. The cowpeas were then dehaulled by coarse

grinding using the disc attrition mill, hand-rubbing to remove Loosely

. mmmm and winnowed. The cowpe as Were then seatied in polythene bags

‘ed in a cold room,
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2 hours m,au§g.l.ar éirler and stored in the cold room (h. C).

- Groundnuts were clLeaned by screening for chaff, pices of' sack etc.
The nuts were then roasted on gallenkamp stove at medium heating for 15
minutes, dehulled by hand, winnowed tu separate the hulls. The roasted
dehaulled nuts were stored in cold room,

3.13 STW GRUUNDNUT S

Cleaned groundnuts were steamed in a steam exhaust box for 20 minutes
and imnediately dehailled by hand and dried in the solLar drier for 2 hours.
The nuts werc stored in polythene bags and kept in cold room,

3415 MIXIng

T .The rav materials were mixed and ground using the disc attrition mill

at Jahe ratio of 70: 30 corn; legume or 70:15:15 corn: legumes: legume,

o g

3.1k DRUM DRYING
- hpproximately 1:4 blend: Water ratio slurry was prepared. The slurry

maem ut on the drum drier for 50 to /U seconds to pregelatinize and

ads. (Merero ct ai 1989).

-0, AACC approved methods (1969).

A Terhesy



3.2.2. PROTEIN CONTENT

Tﬁe' ‘protein content was determined by analysing for total nitrogen
using the mackro-kjeldahls method ( Association of Official pnalytical
Chemists ( AOAC) method 47-021. Official methods Of Analysis of A0AC (1975).
The nitrogen determined was converted to protein using the conversion
factor of 6.25,.
3+2,3 F4T_CONTENT

The method used is termed Dry extraction method and is based upog
the extraction and subsequent weighing of all ether soluble material from
a weighed sample. Association of official Analytical Chemist ( AUAC)
method 7-06b (1975).
2g of sample was used in the determination.
3.2 CRUDE FISRE

¢rude fibre was determined from the samples using the method of crude
fibre determination from the Association of Official Analytical Chemists

© method 22,042 (AVAC 1975).

mhﬁs each were used,

EVALUATION ( Organol

ﬁ_ﬂ“ﬁ@“&-is a part of food analysis, where the senses of
: ‘to eveluate a product. Taste panels were conducted

¢ scale. ' The taste panels were conducted over

ience Department, teaching
Oof ghana, Legon, The taste
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shanahd
panels ﬁé@&%&&e& in the main laboratory of the Nutrition and Food
Science Department.

"N " panelists were asked to assess their liking for quality attributes
6&”%%1@&,”1’13:«6&1‘, taste consistency and overall acceptability of the
'Eéggbaiéiééume"ﬁr&gelaf:inized products developed. A 1 to 9 numerical
hedonie scale was used. The panelists were asked to indicate their degree
5’%‘jlikené’sa- or dislikeness of the product. 8 samples were used and 4

were presented on one bench to avoid Overcrowing.

3.2.6 STATISTICAL ANALYSTS

"~ For sensory attribute therefore, a two-way analysis of variance (ANUVA)
Was carried out to determine significance of variations among sensory scores.
Yarience ratios (F-values) were obtained for

Gl ine 1'-"i"""'a)v ‘Effect of pretreatment process

“8 W8 & Tb)  Bffect of variation due to panelists.
e \Whereever there was significance of the observed diff'erence as given
by ré%&',%n% least significance Difference tests ( LSD) were used for

ise comparison of means sensory scores (Steel and Torrie, 1980).

ABSORPTION: (By method of Fleming et al 1974)

L for 30 minutes. The samples were then centrifuged at

e iﬂ Benley 400 centrifuge., The supernatant was

The amqunt of water retained in the
ﬂ;mpiwn per 100g of sample (dry weight

r each sample at 70°C.
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3.3.2 SNELLING (By method of Fleming ot &l 1974 with modification)

10g of sample Was weighed and put into a 100ml graduated cylinger,
The dry bulk volume was noted, 100ml of water was added and allowed to
stand, The volume of the sample was read out at 1, 5, 10, 15, 30 and 60
minutes intermals. The procedure was repeated for each samle at 70°C
in the water bath.
3e3e3¢ VISCOSITY

Pasting properties of cooked vigcosities of samples were determined
by AACC ( American Association of Cereal Chemist) method (22.10 1962) in a
Brabender Viscoamylograph ( Brabender Instrument Inc.) equipped with a
500cmg sensitivity cartridge.
For the cereal legume blends 127 of the samles were prepared in 500ml
of distilled water and poured into the amylography bowl, The temperakure
of the slurry was raised iniformly from 25° = 95°, held at 95°C for %
hour and then cooled uniformly to 50°C and held for 30 minutes.

The heating \and cooling rate increased 1.5% per mimte,



FLOW CHART CN PRE-TREATMENT GIVEN TO RAW KATERTALS

e Ay

FERVENTED
ROASTED CORN SPROUTED CORN CORN DOUeH
: co[n Co[m Co
Clean Clean Steep ( 24 hours
Roast J10,15,25.minuties SteeJ ( 24 hours) Mill
Roasted Corn Sprout ( 36 hours) Dough
other gompe™ “solar dry
ltiEE’;;;’milled |
Radicle removed Fermented
Corn dough
Hydrgxed other ggggg- ther ﬁgggg—
Milling together Mixed
Drum dried( 41:4 blend:water)
Hydrated( 1: 4 blend;H,0) Hydrated(1: 4 blend: H.0
Product
Drum dried Drum dried

Product Product

COWPEA
ROASTED

Cowpea

Clean

Reast|( 10 Ninutes)

Coarse grind

Dehull

ROJsted

Cowpea
: other compo-
fents

Milling

Hydrated(1 A ® grzl‘

Drum dried

Product



Costing of Product ( Approximate):

This was an approximation because only the raw material was
taken into consideration leaving out other services like water, steam

electrieity, labour and transport.

Cost of Corn. = ¢ AMke
Cost of Cowpea = £ B/kg
Cost of groundnut = £ C/kg

1000g corn cost £ A,

Therefore Dg of corn cost D x A = £ F
1000

1000g cowpea cost £ B

Therefore Gg cost G'x'B" = fH
1000

1000g groundnut cost £ C

Therefore Jg groundnut cost J xC = £ K
1000

Therefore cost of product = f (F « H) or £ (F + He K)

Since Lg of dry product was obtained from 100g composite,
then Lg would cost £ (F + H).

Hence 1kg dry product would cost 1000 x (F + H)
[ L

- 2K

This ratio was also used for costing of corn, cowpea and

groundnut product,
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RESULTS AND DISCUSSION

of Blends

chemical indices and evaluate the protein supplement ing

hGW the chemical composition may be affected by processing

Ly
N

prddﬁc:t‘svprepared are given in Tsble 4. Generally the results
ab: Pﬁucéssing treatment or pretreatment of the ingredient prior
V""’etermin-es the moisture content of the blends,

m e‘n&s’ containing roasted corn, roasted groundnuts and cowpea f
which corn was roasted for 10, 15, 25 minutes, moisture content

2ases With increasing roasting time. Small differences in the moisture
LTS VU

| changes which take place in the corn during roasting
expulsion of water trapped in the grain. Thus roasting

development desiraple corour and flavour is also

1}

e d0a .



1

PROXIMATE ANALYSIS OF PRODUCTS

TABEL L4
MOISTURE PROTEIN FIBRE FAT CALCIUM

PRODUCTS o % 7 % %
Roasted : Roasted : Cowpea :
corn (steamed) L0 + 0.12 2ke 3 # 0651 2:53 + 0.03 10,92 31232
(40 minutes) Groundnut flour
Roasted : Roasted : Cowpea
e flour(steamed) 3.96 + 0,08 237 £ 0,05 24 61 + 0,011 10070 30680
(15 minutes) Groundnut
8gagted : Roastedeh (OWDES.ned) | 3.75 4 0.0k | 23.5 + 0.3 | 2.70 + 0,09 | 10.64 | 31419
(25 minutes) Groundnut
Sprouted : Cowpea flour
corn ( steamed) 6,08 + 0,20 6.9 % 012 2.8 % §350 132 39601
Sprouted : steamped¥Cowpea flour -
Corn Groundnut ( steamed) 3,69 + 0,11 18.5 & 0..07 2,43 & G 11655 30, 66
Roasted: Roasted : Roasted
> minutes Groundnut COWpea 3- 19 _‘t 001}4- 230’4— e o. 21 2.56 * 0.33 1#055 30.86
Corn dough : Sprouted. Cowpea
Fermented) corn flour Fe 10 + 0,09 20,6 + 0.32 2,58 + 0,18 L4e92 354 22
T Oes 241 + 0o 31 20,9 + 0,18 1.02 + 0,20 16,84 | 26.10

(fermented) Groundnut flour

* Mean of two + standard deviation

Protein, Fat, Calcium, Fibre contents are given on dry matter bas

17



.

K ‘mbﬂemd cont aining corn dough ( fermented), steemed groundnut
S 4 : »
~ and steamed cowpea flour has the lowest moisture of Z.4tx. This can be
attributed to the action microorganisms in the @ough which might have
1: ' exposed _the macrO-moléGuLes holding water hence the moisture was lost
|§ efsg"-uy“- during the drying, This explanation becOmes Obvious becaise the
blend containing corn dough ( fermented) sprouted corn and cow;;ea fliour
( steamed) is next in modsture content of 3.10s.
' The blends containing sprouted corn have the highest moisture content
. of 6,08
' " Storege and preservation play important roles in securing food supplies
from one geason to the next and distribution from Location to Llocation,
These usual ly depénd on the lowering water activity in the food product,
¢+ The moisture content of the blends afterdrum dried ranges from 2.47%
£0 6.086. This is an indication of good storage stability of the blends
- ."Il‘hen packeged properly., Hence, low mois'ture content of the products
implies decreased food loss through pest and microbial attack.

Bat gmug@ art from making the product more easily digested and utilised

:in human body the processing treatment given to the blend is a form of pre-




: @@f@eﬁalve legume to augment the protein content of the diet and more

l Amportantly to increase the protein guality.

;!:,,N,ﬂ'i_f,{_f)asting of corn at different times slightly aff'ected the protein
content of the blends., Although protein content of the blends may not be
significant Ly affected, Loss in bioLogical value of the protein may in-
crease roasting time as a result of increased formation of br.ewﬁ pigment
(meLanvidins) which involves the utilization of the amino acids in carbonyl-
amino reaction in Arginine, through the browning reactions and therefore

unavailable to the body.

v

It is also known that drum drying results in loss of the amino- acid

TR

lysine., This amino acid is the Limiting amino acid of cereais. During
drum drying of sprouted coru blends, Lysine wouLa freely react with the

sugars, and other products form from the action of the amylases giving

rise to Loss of this essential amino acid. The endogenous enzymes don't

. hydrolyse the carbonyl-amino bonds hence the protein is not utitiszed.

@ggt@i;me;fan content of the blends. High fat contents were

_blends cont aining groundnuts due to the high fat content

t content ranges from 4,32 to 16.84. The lowest value

steamed cowpea blend while the highest was

Wntu ¥ '-._L;.";-'_». gl ook =



A hitpi /s

} ekl @mﬁ”ﬁ’b’he) blends cont aining roasted corn at different temperatures
| ‘the highest fat comtent is realised on the one roasted at 10 minutes.
The fat content slightly decrease with increasing roasting time,

m lication of Protein and Fat to weaning foods

. The blends may perfectly serve as high protein-energy food formla
for children and nursing mothers who are regarded as wulnerable group that

is those exposed to protein deficiency. The implication is that the blends
with high protein will provide adequate amount’ of protein in suitapble form

 When used as weaning f£ood to substitute whole corn porridge.

b iodh

The high fat content in the blends may also contribute significantly

to ;bhé energy or calorie requirement of the consumer. Most fats give

:‘- g f}kcal/g,of the fat while carbohydrates give 4kcal/g of sample. The also
serves as vehicle for absorption, transportation and utilization of fat
soluble vitamins. As salad oils, they contrioute to mouth-feed and carrier

of flavours. These fats as shortenings impact tender gquality to baked

boods through combination of lubrication and apility to alter interaction
4 m&'ﬂﬁ%r ééirst’it‘uents. The protein Advisory Group ot the United Wations

ok Sl

stated that the protein content for fortified food formula should

iﬁ%-t‘eih—'e’ner‘gy- rich formula to reduce the incidence

nalnutrition prevailing in developing countries.

et Foaatin




for children between 1 to 3 years. This reports indicated that, the
50tal calcium of the products developed are #out 4 to 6p of the daily
..;Q]glng‘gnqe@w it is-not: possio.Lé for the infants to consume apout 10ug of
 the weaning food a day hence there is need to supplent the products
formuilated with calcium.
The supplement ation of the products with calcium is important because
. or the roles calcium play in the body. Calcium and phOsphorus make up

. i) ,
1 our bones and teeth., Hence there willpe mgl-formation of bones resulting
£ h-A/Lar ) g1k s >
g to riekets. The supplementation of the blends can be done during the

blending. of the components in the florm of CaCl 30 -

U T grudefl"f}i‘bre analysis of products

Bl

uhI G U )

The results of crude fiore analysis is in Taple 4. The result

v A Fakye (1980 ) :

inﬁlma%er& that pretreatment processes affect hhe crude fibre level, N.L.

P Ji :

1900) reported that crude fibre is mainly cellulose, hemicellulose

G SBGPRGEL S0 Al siia 1 B - X
1 m%e materials that encrust the ceil wall such as Llignins and pectic

PRSI 00 Lnere
yﬁtp’fﬂhes,e cell wall component of plants are not broken down by

Le

ented) blend.

apilit F to.




t the cellwall t';QmPQne[;t-s to Jl;dnosaccheridg', digsaccharides,
%gs@egﬂwldes 'e:tc. " The highest erude fibre from sprouted corn and
gégéq&@le@@mgy be due to high cowpea in the blend and also inability
4 e,ﬁ ﬂ;e enzymes (x-B-amyloses) to breakdown the (1 4) Linkages in the

4 :q_e:;;ulg.se;whiie starch was proken down into lower molecular components,

l+ ‘i FUNCTIUNAL PROPERTIES OF BLEND

Wa:ter absorptlon of Blends

'J.‘he resu.Lt is tabulated on Table 5.
L 15 i
Holmes et al (1982) reported that the type of heat trestment and

25, min
duratmn s:.gnlflca,ntly inf'luence percentage water apsorption., Sefa-Dedeh
Wk et g s
and Fakye (198{5) dl so reported that proteins are the primary sites of water
ne st tRegtmont

absorp’

: Phl.l.lps et a (19u5) working on the effect of pretreatment
'd:.ufm.s T B ool A6

"BV

amd Narasmga (1962) a.Lso repOrted that caroohydrates play

s

blends is due to the heat treatment
fxix vmar R AL R



,\3 a’p‘art: %’E;%;n,»copn dOugh (fermented) steamed cowpea flour and ste amed
Sl 1

groundnut blend. The decline in Water absorption of this blend at 70°C

15 due to increase heat treatment at 7U C. The heat introduced by drum
dryer m;.ght t;e enough to :annease water absorption and as the heat becomes
severeé"?ét'er absorption decreases. The starch granules might have expanded
to the‘%r\:"j._‘.imit hence take less Water. There is lesser water binding sites
of* carﬁgu‘)lsiydratEs for water.

A} g9.°c, fhe blends containing roasted corn at different roasting
times showed 1nterest1ng results, As roasting time increase from 10 minutes
to 15 mnutes, the Water absorbed increased, but declined considerably at
25 mimgt,g;sjfofasting time, This Ovservation can be due to the fact that w '
water iabsogpt'lon increases with inerease mild heat but decline with severe
he &t tg:gtggq{;. ';Hence the 25 minutes roasting time might have made con-
d.itioni L;%%gg%xable for water absorption.
70°C the Water apsorption of the blends containing roasted corn

II’.‘I‘!. anted)

5ast”1ng times showed decrease water absorption as roasting
L.ll(;L‘ i

he pOJ.aI' amino aclds such as ly31ne are involed

s 'd\__ e i,J(<- e
0. react-n.on leading to the formation of prown

95 for Wgter on the protein,.
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WATER ABSORPTION OF PRODUCTS AT 29°C_aND 70°C

TABLE
WATER ABSORBED
9/100g SAMPLE
0
PRODUCTS 29°% 70°¢C
Roasted : Roasted : Cowpea flour
Corn Groundnut ( steamed) 45040 528.0
( 10 minutes)
Roasted : Roasted : Cowpea flour
Corn (15 Groundnut ( steamed) 47641 484.0
minutes)
Roasted : Roasted : Cowpea flour
Corn (25 Groundnut (Steamed) 436.7 1466,3
minutes)
Sprouted : Cowpea flour
Corn ( Steamed) 516.0 536, 2
Sprouted : Steamed : Cowpea flour
Corn Groundnut ( Steamed) 460,8 50406
Roasted : Roasted : Roasted
Corn (15 Groundnut Cowpea 48845 520.0
minutes)
Corn dough : Sprouted ;: Cowpea flour
(fermented) corn ( steamed) 508,3  520.L4
Corn dough : Steamed : Cowpea flour
(fermented) Groundnut ( Steamed) 56804  556,0

Student T-test Tabulated Value
Water absorption of 1.895

products at 29°C and 70°C

erimental Value
2.9155

* The tabulated value is given at 5% level (t

0-05,7)



‘as Well as microbial action on corn dough significantly affect Wwater absorp-
"hiﬁ)ﬁ characteristics.

Comparing the Water absorption of the products to similar blends for-
L ": {’mla‘bed but not pre-gelatinized done by Ampadu (1989), the products whicch
re pre-gelatinized shoved water sbsorption 4 times ( about 25p) that of
the non-gelatinized blends. This shows that the pre-gelatinization increa-
: - sed the water absorption capacity of the blends. This is significant with
.~ what Philips et al 1988 reported that increase in mild heat treatment
"Av-‘i’;'mar.eauBs‘ the water absOorption capacity of products.
‘ %Jﬁe studen-t T-test conducted on the water absorption at 29 °C and 70°C
The T-test is at 5% level.

However, at 4% Llevel, the
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SWELLING GF SPROUTED CORN: CONPER FLoug (STERMED) AND SPRIVTED
CORH: towPem FLOUR (STERMED): STEAMED GRroupmNUT AT 2.9°C
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. rI‘m’%ﬁcbépt ion of courn dough ( fermented) cowpea fioﬁr and steamed
groundnut blends, the swelling at 70% is more than at 2°C. This is due
to the increased swelling of the starch gramles.

Swelling was also found to pe higher for each of the blends at 7u°C

0 mﬁha{l at 2 % " due to increase in mblbltlon of water by the starch granules

with temperature (Deghpande, 1982).

- e e e

It is also generaily observed that svelling of the blends remained
Pk

qustgqpt after 1u minutes at poth 29°C and 70°C. A4t high temper atures

ff?;éﬁp"lé“é’és its glandular sttucture faster than would raw starch

wWem -;_,-'.'5
-——&’Cz\ﬁeshﬁan&e 1982) resulting in lessened swelling capacity. This can =m
Baasted : fos
k Jﬁﬁ@bﬂ&t f@i!' the swelling of the biends remaining constant after 10 minutes.

‘Ioate«sweuing of the biends cont aining roasted corn, roasted groundnut
61 tu { ‘f T

ﬁ”steamed cowpea flour decrease as the roasting time of the corn increases
amvm-" L. 55

fc,e decreased swelling. However the increase

 79% than 9 °C may be due to increase imbibition
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| SWELLING. : 2c
TABLE 6a
BULK TIME
_P RODUCTS VOLUME 0 1 5 10 15 30 60
( emj) MINS,
Roasted : Roasted : Cowpea flour
Corn (10 Groundnut (Steamed) 1560 39,0 Y341.0 |42.5 43,0 43,0 43,0 43,0
minutes)
Roasted : Roasted : Cowpea flour :
Gomm,(1§ Groundnut (Steaned) 15.0 30.5 | 325 13,0 | 35.5 | 35.5 | 35.0 | 35.5
Roasted : Roasted : Cowpea flour
ggrntglf Groundnut (Stewed) 4%.5 30.0 32,0 35 35,0 35.0 35.0 35.0
Sprouted : Kowpea flour 14,0 36,0 38,0 |[41.0 42,0 42,0 42,0 42,0
Corn : ( Steamed)
Sprouted : Steamed : Cowpea flour | 12.5 34,0 36,0 [38.0 38.5 29,0 39.0 29.0
Corn Groundnut ( Steamed)
BT ), lepate 1440 30,0 | 32.0 [3%.0 | 3.0 |30 | 3.0 | 3.0
(10 _mins. Groundnut Cowpea d #
SURS AN Drclamonnted 5 Ggupea |, '36.0 |38.0 390 |40.5 | 5.0 [u1.0 |u1.0
| (fermented) Corn ___(Setemed)
Corn dough : steamed : Cowpea 5 = 175 W3.0 - L u5.0 |uEl)47.0 48.0 | 58.0 | 48.0

‘ flour
| (fermented) Groundnut ( Steamed)




TABLE 6b

SWELLING AT 70°C

BULK

TIME

(fermented) Groundnut ( steamed)

BERODUCGCTS VOLUME 0 1 5 10 15 30 60
( emd) MINS,
Roasted : Roasted : Cowpea flour
Corn( 10 Groundnut ( Steamed) 17.0 42,0 4.0 45,0 46,0 4.0 46.0 46,0
minutes)
Roasted : Roasted : Cowpea flour : ; ; S
corn( 10 Groundnut ( Steamed) 17.0 40.0 42,0 | 43,0 bhe©. | 4ka5 445 L5
minutes)-
Roasted : Roasted : Cowpea flour
Corn{ 15 Groundnut ( Steamed) 17.0 26,0 38,0 38.5 INVAL 41.0 41,0 41.0
| _minutes)
Spomted . CWpea flour 16.0 45.0 47.0 l*-705 14—8-0 14'809 ll-aoo 158.0
Corn ( Steamed)
Sprouted : Steamed : Cowpea flour | 12,5 35.0 37.0 38.5 29 39.5 39.5 39.5
Corn Groundnut Steamed)
Roasted : Roasted : Roasted ; =
2%19') Seowndust Cowpes 14,0 32,0 |34.0 | 350 | 35.0 76,0 | 36.0 | 36.0
f,"::;;‘;ﬂ‘)’ et : Spass | 13.0 7.0 2.0 |40.5 |41.0 | 41.5 | 1.5 |40.5
Corn dough : Steamed : Cowpea
flour 160 5 ‘0‘3.0 lc-5. 0 lblko ll—}o 0 2{—3- 0 1#30 0 2“3‘ 0

19
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‘ ké@rj@;g@wg@,a fl@ur and st»eame(_ir_groundnut. This difference is due to ground-
;A:m-rw;ij&@h haé high fat. Fats and surfactants are known to siow down the
uptake of water by starches. Fats and fatty acids are known to affect
gelatinization of starch. Heckman 197/ ( cited by Deshpande 19852) reported
that slow rate of _wét_er penetration into starch granu.lé may be due to
the formation of a fatty Layer around the starch granule leading to the
formation of amylose~-fatty acid complex which is insoluble and restrict
swelling of starch by stabilizing the granute structure, This mgy account
for the low swelling of sprouted corn, steamed compea and steamed groundnut.
. The swelling of the blend containing roasted corn, roasted groundnut
and roasted cowpea is lower than that of roasted corn at 10 minutes, roasted
groundnut and steamed coypea. Here the cowpea is roasted. The roasting of
‘ &h‘eli.pg@e-qﬂw have resulted in decrease swelling of this blend., The cowep
~ cowpea starch might have lost its glandular structure than the rav starch

in steamed covpea. Increase imbibition of water by the sterch granules

B Ok thoinonsase ool Ling at 70°C than 29°C for this blend.
&2 g
meatbtneatmmt by using drum dryer may further account for the
g of the blend.

: resting that the swelling of the blend containing corn

d), cowpea flour and steamed groundnut has it swelling at

. '@?’Q"j The microbial action on starch during ferment ation



g - 38 -
gaw account for the slow swelling capacity of corn dough, steamed
~ cowpea and steamed groundnut blend at 70°C than at 29°C. 1t 29°C the
n.le‘dificat ion by the drum dryer might have favoured the Water imbibition
espacit%( of the starch. Further modification of the starch by heat treat-
ment 331: i7u°c results in the loss of glandulesr structure of the starch.
B !
Thlflsgsignific ant becuase when we take a close Look at the swelling
curve a}'g 7u°C,,_ it increases initially and started decreasing. The decreacing
swe.L.Liné time is when the starch LIOSt its glandular structure.
Ge;%ierally, the blend containing cofn dough, steamed cowpea and strea
sgefgm'eﬂi!-groundnut has the highest swelling capacity. This can be due to
; iiﬂe fa (‘urab.Le modific ation of the starch granules during the drum drying.
.\Jé‘ge J.ow?st swelling was @bserved in biend containing roasted corn roasted

2 oundnut and roasted cowpea.

I'
e |
g 8
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) PASTING PROPERTTES OF BLENDS

g ‘The result is given in Taole 7.
data on amylograph shows considerable increase in viscocity during

. shows that the starch granules have ability to associate when
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‘highest peak viscosity was recorded with the olend containing roasted corn
at 10 minutes. Increasing the roasting time to 15 mimutes decreased the

viscOsity by 50 Brabender units, PFurther increase in roasting time to
WBLE - 7 . i

25 minutes decreased the peak viscOsity by 70 Brabender units.
} The peak viscosity is an important characteristic of any starch or

flour and is concentration dependent., Tune viscosity at a particular con-

! H

centration reflects the apility of the starch granule to swell freely
%}efc’)ré physical breakdown, When the starch solution is cooied, the wviscosity
f—

?ww@d a considerable increase indicating a tendency toward association

" of starch molcules.

The blend containing roasted corn (10 minutes) roasted groundnut and

%ﬁﬁaﬁfed cowpea had the highest intial paste viscosity of 93°C. Like the

tn;h.cer: blends, its viscosity increased moderately throughout the cooking

s) roasted groundnut and stcamed cowpea flour. The decrease in

y may be due to restricted swelling of roasted cowpea.



PASTING PROPERTIES OF BLENDS
AMYLOGRAPH SENSITIVITY CATRIDGE = 500cmg

composition of slurry = 12}
T ABLE
N o
PASTE £ 95°C ’ 50°C
BLENDS TEMP., °C PEAK | 95 C | HOLD 50 C HOLD

Roasted Corn : Roasted : Cowpea
Flour 78 220 50 100 150 220
(10 minutes) Groundnut ( Steamed)

Roasted Corn : Roasted : Cowpea
flour 82 170 30 - 90 160 170
(15 minutes) Groundnut ( Steamed)

o'

Roasted Corn : Roasted : Cowpea
flour 92 150 0 30 10 150
(25 minutes) Groundnut ( Steamed)

Sprouted : Cowpea

Corn flour a . O g ! 2
Sprouted : Steamed : g%gxe‘a 0 0 0 0 0 0
Corn Groundnut ( Steamed)

Corn dough : Sprouted : gfvggga 0 0 0 0 0 0
(Fermented) Corn ( Steamed)

Corn dough ; Steamed : g%g%a 85 70 0 10 30 70
(Fermenged) : Groundnut ( Steamed)

Roasted Corn : Roasted: Roasted 9% 11,0 0 20 L0 140

(10 minutes) Groundnut Cowpea
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‘ thegglgggymeswhleh hydrolyse the starch during cooking to degtrin- and

sugar resulting in less sWelling, In view of this, if a product which

T B —

thickens upon cookmg is desired, one Will need to use a minimum of' 12
goares of Var

slurry composition. The energy density is therefore increased as a result

‘gﬁﬂn;gg@g;étion in bulk density.

i ;a:Th‘.’PuSh the action of x- and B-amylases, the starch in sprouted corn
Was broken down to maltose, dextrin and other oligosoccharides. Through
their superior water binding capacity sugars preferentiai.y tie up HopU

‘moJ.eeuLes and Wltthdld them from starch, FPresence of sugar therefore

inhibit binding of Water by starch hence prevent gelatinization (Meyer 19/4).
ey u:"

SUMMARY OF RESULTS ON SENSORY BVALUATION BASER

_ Table 8 ANUVA SUMMARY TASLE FUR TASTE

“af ss ms F-value F~tapb.
B 5 5 h2 05 TS 1,696 2.10
2 Aelg (s T2 2eaY Bl

e -

19078 . 2;8

e

level of signiticance




COLUR

Taplie 9: ANUVA SUMMARY TABLE FUR U WUR

Source of Varia-

da arf ss ; ms f-value F-tap.
Panelists 9 15, 1625 ‘ Al 5N UebbBU 2410
Treatments 2 155575 b.6657 2.5435 Seilo
Error 68 178.25(5 ‘ 2.6219
Total 79 207.38(5
-'F.L«AVDUR
Taple 10: ANUVA SUMMARY T ABLE FOR FLAVOUR
Source! of | iy !
Variation af ss ms F-value F-t ap
Panelists _ ) 211125 2. 3458 O, /390 2.1/
,‘E_‘-z:eg?;mgnj;s 2 4.5375 2. 2087 O. (147 el
rror 68 215.83/5 3.1741
¥ G panel 1ot :
mwa g 79 - 2A1.4875
ANUVA SUMMARY TABLE FOR CONSISTENCY
SRR gy F-value Fet ap
36, 8@25 3.9847 1.4.292 2.10

25,0375 12,5187 k.4g02

3.75




NERAL ACCEPTASTLITY

fu ‘\1,, T

Tedle 12 ANOVA SUMMARY TiBEL FOR GENERAL AGCEPTABILITY,

Source of ar

Tairs.ab 105 sS ms F-value F-tab
P;.?geii;ts ‘ 9 50 5R0ET5! & npuiL el 50 2.10
Tr‘eagigglrents 2 11.4.25 5e/125 2. 10V 315
Brror 68 179.825 2.6445
- Total 9 21495
. F-tabulated value of 55 level of significance

Refer to rav data on appendix 2 to 6.

Ll~ Lf-, DISCUSSIUN UN SENSURY EVALUATIUN
b ad E0
‘_._E
L o Foods consu
: ANUVA summary for taste is given on table 8., The F-value tapulated
/ o BOnEu LT B L

iy T h:tghar than the calaulated velue which shows that there is no difference

ané steamed groundnut Wwas best accept ed.

uunﬁ.“ﬂ iy is & Bive



=R )
fn‘éogs‘h ve different colours. For example 'tomprurn' is obrown in colour
V;hu‘e'kolce' or 'akasa' is wnite in gppearance. Hence it is significant
that the panelists did not show any differ:.nce since they all exposed
éolwa‘OT the products. Treatments given to the products also did not
show any varigtivn in colour acceptapility. Sprouted corn, corn dough
(fermented), steamed cowpea flour product Was highly accepted in terms
of colour.
FLAVOUR

The results are in Tdable 9. The ANOVA summary shows that, there is
;50" vériatiOn in neither panelists nor treatments given to the products
in terms of flavour. This can be explained that, the panelists consume
férment%d, malted and roasting foods., The roasted foouds consumed are
roasted groundnut dnd maize hence they are used to the fiavour. Fermented
?5“6&3’ ;Té‘en'sdméd included Kenkey, 'koko', Fante Kenkey etc. Therefore the

?g@';lgsuhers are used to the flavour of these treatments given to the pro-

T Rbmeyur the
_ % 'fsv.f This 1s also in Line with the aim of' the project i.e. to develop

m nm; quite different from what is locally consumed. In terms of

: %%,ga.sted gorn (25 minutes), roasted groundnut, steamed cowpea
v ;a.'g;‘_agcept‘ed. The acceptability can be due to changes
g% Lfi.avour.

» tﬂv s - gredic -
} 'g%'n; 1isﬁﬁem,g 5;5 given on Table 10,
=~ Wil

.

Wmﬂ% d:xff‘erertme 1n the treatment
x -, :
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@éﬂﬂuct,ed, it showed that the difference between sprouted corn and
‘roasted was not significant. Also the difference between fermented corn
dough and roasted corn was not significant at all to affect consistency.
However, the difference between sprou;c ed corn and fermented corn dough
w‘aa found to be significant. This difference is expected because the .
microorganisms acting on corn dough make the nutrients more available

and ther starch when cooked, gelled, The sprouted corn had x— and B—amylOses
acting on the starch to Low molecular weight compounds e.g., maltose,
dextrin etc. These compounds do not absorp much water hence reduce bulk.
The errmented dough however absorbs a Lot of Water. Hence the consistency

1)

ans not expected to pe the gsame., This is in line with the ccmment one

01‘ the pane.LJ.sts made that "some Of the products are too watery hence
made them unattractive". This shows that the consistencies were not the
al‘amé for all products though the same amount of water was added to them.

g;er*mented corn dough, steamed cowpea and steamed groundnut product was

however ‘bhe most accepted product in terms of consistency.
& NCCUP Abn

S GENER AL ACCEPT ABI LITY

‘summary is presented on Table 11. Itt shows that all the

”f‘é’fr‘éﬁeé“i‘n'general accept ability of the products. The

'E"Eﬁé‘préaueﬁs'alsa did not affect the overall acceptapbility



e e«

Therefore the highly acceptapility of these products shown by the panelists

el sreh

does not guarantee the product to be highly marketable. It is possible
ﬁﬁéf thé 'bénelist belong to certain community who like the type of treat—
ments i"givfen to the products. The product containing sprouted corn,

steamed covpea, steamed groundut was the most accept able product.
"cowcLUSIuN
Chemlca.l and functional properties of the cereal-legume products -

shoned that pretreatments of the corn, cowpea and groundnut prior to

AV

b.LendJ.ng significantly influence the properties of the products. Processing
: treatments such as roasting, sprouting, fermentation, steaming and drum
5 dry:mg greatly determined the moisture, protein, fat, calcium and Crude

flbre contents of the products. The products generally have high protein

and fat eontent and hence gqualified to be used as weaning food., The drum

drylng’af the pre—gelatinized products makes the products more convenient
| ;';; 1\gnorant mothers especially illiterate mothers and those who are always
1. w;t;p;.;;. w:Lth the:l.r daily business and don't have time to cook for their
The;euproducts can be used to alleviate some of the protein-

@,sture content of the Dblends was generally low due to the use

Ty

mwer mo:.sture was Observed in product count aining

v F -

HOELARN
_llmeums roaating t:.me decrease moisture content
AV alenle

rm‘.ﬁ AN e
' 8 shﬂwed h:gher mO:Lsture countent,



S W
g@é@gp@igg of the corn dough product at 70°C was due to damage of the
stareh .granules due to the high heat treatment éf the 7 drum drier,
Th:,s }pgq@uet therefore can be best uéed with coird water., The water absorp-
tion of the roasted blends decreased with increasing roasting time.
Swelling of the products was higher at 70°C than 29°C except corn dough
produects. This decreased in swelling was due tO0 damage to the starch
grains. However, the corn dough product showed highest swelliing capacity
gt,29°C due to favourable changes induced on the starch gramules. The
swel ling. of roasted corn products decreases with increasing time Of roasting.
Tlpe,, sprquted corn, cowpea flour product show the highest swelling at 7U°C.
In general the products swelled moderately. As a Weaning food, high
-ﬂ:eilingi:v.ixi lead to thick viscosity of products hence Less will be
cronsumgd.ét a meal,

Cooked paste viscosity characteristics shows that increasing roasting
'time of _,:FOm;.in the blend may ir_xcrease the pasting temperature and decrease
~ peak @y@.ﬂgi‘qx, NO viscosity change during cooking was formed in products
&mn%ﬁ@@m&gprmted corn, This is possibly due to amylose actiﬂty on

__ﬁﬁg‘,q@g@hoﬂs‘that germinated grains can decrease the bulkiness of
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eeds calcium substitution, Fish with bones can be used to fortify

the products to raise their calcium level. ALsO priox- to drum drying,

- -.r
Ls

GUGU5 can be added to increase the calcium com:ent.

¥

The fibre content of the products are generalily Low hence will

not interflere with the absorption of the nutrlents.

™ \\1'. Y

From the sensory evaluation, all the products were highly accepted

in terms of colour, flavour, taste and general - acceptability. The

s I

consgistency of the products only showed variations and this was expécted.

With the varlatlons in consistency the products canserve different purposes
#‘v
as Weam.ng f‘ooa.

1.

J REGOMDATIONS
1. The weaning foods prepared should be fed to laboratory animals

to determine the biological value of the products.

{ - L3011,

2. Mutritional evaluation of the products to determine amino acid
composition and digestibility since the heat treatment by drum

ing is hJ'gh to deplete some essential amino acids. Therefore

8 bef'ore processmg and after drum drying.
1851 5t e

n of the produets with hlgh calcium product is
'_1;':J
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APPENDIX I
QUESTIUNNAIRE FOR HEDONIC SCALE

Name: I EE R R R RN EE RN A NN NENNERNENENENNNSR] D&te LR B E RN R R RN R NEER]
Bvaluate these f0od samples for colour, flavour, taste, consistency and
general acceptability using Hedonic scale on the terms provided, Use

the codes on the samples for the evaluation,

Consis= Taste Geners&l

Golour | Rlavour ¥, .oy Acceptability

Like extremely
Like very mich
Like mach

Like moderately

Neither like nor
dislike

Dislike moderately

Dislike much

Dislike extremely

comn.ntﬂ S0 0000008000000 0000000 0000000000000 00P0SI20000O°C00C°000s 0080600
S8R0 00000000000 NONORENEANLANRNNRLDINNLAGOERNSIOOROOINNOOIOORORIGOROGEORADS
000000 000000020000 0000000 0200000008090l RN eRRRPReRR00dEOoNREICEREROVEOEOROEOVOTOEOROas
B 0000 000000009280 000RRR0800RRR0dRRRlnatineloReRsdessd000000000080C0S

S0 0000000000000 RNl IR BRI RREN R0l etalondsni i cesecBand®ansse




RN e 9 10 - Tot 4l

2
i e i amaa 7 60
E 5 9 EP S i 59
T LG R 9 5 b 5.8 6 59
D 8 5 6 2 6 8 5 b 5 52
E G T SR A S R M 5 53
F L4 7/ 3 6 8 5 3 7 6 52
& 2E, 7 5 5 7 8 6 5 8 66
© o SRS TR SRS B A 5 s

A = Roasted Corn: Roasted Gr oundnut: Cowpea Flour ( steamed)

B = Roasted Corn (10 minutes): Roasted Groundnut: Cowpea ( steamed)

ted Qérn.LZO minutes): Roasted Groundnut: Covpea Four ( steamed)
D = gprouted Corn: Cc;wpea Flour ( steamed)

E outed Corn: : Steamed Groundnut: Cowpea Flour ( steamed)_

Gﬂrn(ﬁ minutes): ROasted Groundnut; Roasted Cowped

( fermented): Sprouted Corn: Cowpea Flour (Steamed)

~ steamed Groundnut: Cowpea Flour ( steamed)
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Tot al

10




P ANELISTS/SCORE

Total

(0]

1

o1

58
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SAMPLE v PANELISTS/SCORE

1 R 4 5 6 7 8

Tot al

10
A B, ey e 5.7 0% 5 9 58
B 7 9 5 ( b 7 55
C 5Ag 7 6 5 5 5 5 55
| D 2 e 3 ;P 3 5 9 63
E e 8l 6 s il B 6 5 65
S Ry L R T 7 53
5 R 8
5 | 8
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