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ABSTRACT

Three varieties of developing wheat kernels were analysed

for their chemical and biochemical properties with the

objective of improving their yield and quality. Moisture
contents of the three cultivars ranged from 6.86 - 70.61% at
different stages of development. Frond had the highest proein

and crude fibre contents at maturity (14.43% and 13.83%
respectively) while Siete cerros had the Ilowest protein and
crude fibre contents at maturity (9.54% and 6.25%
respectively). Mineral elements show no definite pattern but
all decreased as maturity progressed. Lipid contents also
decreased with development (1.13%, 0.91% and 1.19% for Frond,
Pavon 76 and Siete cerros respectively at maturity).

Carbohydrate contents ranged from 51.01 - 18.79% for the
three varieties showing decrease with development. 51.01%,
54.90%, 54.50% were gotten for Frond, Pavon 76 and Siete cerros
respectively at maturity.

Glutamate dehydrogenase was observed to show the |least
activity of 3.6 x 10-2 um/ml/min while Pavon 76 showed the
highest activity (4.8 x 10 um/ml/nun) at maturity.

Glut:amate synthase was also determined and it was observed
that the activity increased as maturity progressed (3.6 x 10
um/ml/min, 9.8 x 10~?um/ml/min, 4.0 x 10~%*um/ml/min for

Frond, Pavon 76 and Siete cerros respectively at maturity).
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CHAPTER |ONE

INTRODUCTION AND LITERATURE REVIEW

the years been an important

for humanity has over

It is

t{ of the rise and endTrance of a nation.

1 illion people in the modern

that between 400-500 T

fbr widespread and severe food shortage (Nigerian

988) .

tly in Nigeria, the Fjderal government is giving

attention to food p;oduction particularly the
|

tion in an attempt to have

I

hbod security (Nigerian tandard 1988).

lhtion of wheat produc

the late sixties, Nigeria was self sufficient in
~tion and was a major pxporter of such agricultural

n produce, both of which are

staples (Andrae and Heckman, 1985). However, the

towth of per capital fagod production is not keeping

the rate of growth ofsthe population, so there is

hcreased food production.
{

L was introduced by |early European explorers,

1s countries either as a crop
It

ommodity of trade. was regarded as food of the

Fopean colonialists and| became desirable and sought

after by
to Andrae
introduce
colonial

increasi

hgly used bread as one of

khe native population (Litzeberger 1974). According

and Beckman (1985), c%nsumption of wheat-pread was

1
¢st scale during %he early
b

opulation in Nigeria

i to Nigeria on a mod

period. The urban P has

its main staples because of




jts convenience as ready-cooked, easily transported good.
-

The Federa} government of Nigﬁria in 1959/60 decided to
develop irrigatfion schemes in the othern parts of the country

(between latitudes 12-14°N) for the cultivation of wheat for

flour producti to substitute ann 1 flour importation of over
60,000 tons (Jpnes, 1968) . since| then, scientists have been
testing lines| [(oOr varieties) of 1heat which would be quick-
maturing, resp nsive to fertiliza ion, resistant to diseases
and of good ain quality. The first recommendation was in
1965 when ‘Tf'sson' was recommendgd for its high grain yield
and Florence |'Aurore 8195' for quality (Jones, 1968) ‘Tousson'
on the averpge yields 15% more| than the local control.
However, new [lines (or varieties) are being identified and
ytested and wheat production is increased annually (Jones,
1968). |

Wheat cpbptributes more calortfies and more protein to the
world's diet [than any other food CXop (Hanson, et al, 1982).
while it may| often be passed off as a starchy foo¢ crop,

Hegsted (19&1} reported that wheat is a very nutritive crop

that contalns notable amounts of protein, minerals, and

vitamins. He |also reported that its amino acid yield per acre

]

far exceedl that of animal product for every oneiof the
essential amino acids; wheat protejn, when balanced wiﬁh other

foods that |supply certain amino acids such as lysine, is an

mmonly
br food

efficient |sjource of gquality pr tein. Wheat is

k|

regarded as khe best of cereals ard its availabilitf'

is considered a sign of civilisation. Nations with'adequats

supply of wheat for centurids have been considered




I
|
nutritionally well-off (Baols, 1948).

The universal emphasis on whqat reflects not only its food
value but j¥s relative ease oficultivation. Of all the
cereals, whgit and barley offer.the advantages of being highly
nutritious And easily stored, molf'e so, the return in usable
form is relEtively high in relatipn to the effort expended in
raising then |[(Reitz, 1967). In adFition to its abundance wheat
has the greatest advantage in bjead making than any other
cereal because of the proteins (glladin and glutenin) that form
gluten, the |elastic property of]| which contributes to the
textural quallity of bread (Shellenberger, 1971). In addition,

a considerahlp amount of the wheat|kernel removed in processing

during milling is utilized fully |as animal feed. Wheat has

been cultiv d in Northern Nigeria as a traditional crop for
several centuries (Jones, 1968). It is grown during the dry
season on t fringes of irrigated farms, and on the edges of
minor irrig on channels. Production has been very limited

and the entjre crop is consumed locally in the form of

unleavened wheat bread or local bi?cuits for special occasions
(Jones, 1968) i

Local wheat type is uniform apd closely resembles durum.
It matures early taking 45 - 50 days to flower, possesses awns

and develops| & flinty red-bumped grain. It has a weak straw

and is susceptible to stem and lea rusts and poor in protein
quality (Andrgw, 1968). Owing to jts potential benefi*s, the
temptation to|successfully manipulate and upgrade the:protein
" quality in ldcal wheat varieties ?annot be over—-emphasized.

The conventilopal white bread which is consumed by a large
|




yauap

whea

cere

rtion of Nigerians especially| children, is made from 100%

t|{flour but recent developments in the country'hns

uOCQJILtatOd the mixing of wheat flour with flour from other

l8 such as maize, sorghum and millet to produce composite

flour [for the purpose of breadmaking. This has led to the

loweri

the re

vari

grairn

Trit}

wan

g of both the nutritional &nd rheological gqualities of

ultant composite bread.
sed on thls background, thi§ work was initiated with the
ves of:
luating the changes in levels of proteins, carbohydrate,

, mineral elements and prude fibre during grain

ment which differ in composition in their matured
i

etermining changes in levels of glutamate dehydrogenase

glutamate synthase, enzymes o¢f ammonia assimilation and

ently protein synthesis, 1? developing seeds of wheat

ies which differ in protein content of their matured
f
I'
Wheat is the common name for cereal grasses of the genus

cim (Sin, 1965). The exact place and time of the origin

and earliest cultivation is not known. Records, however, show

that
(Shel

it had been cultivated since prehistoric time

lenberger, 1971). The rem&in? of "emmer" and "einkkorm",

two of| the three series classified by experts under the genus

triti
Middl

1988).

cium, have been found by archaeclogists on the sites in the
e/ East, dating back to the 7th millenium BC (The Guardian,
!
'
Emmer which is regarded as thr ancestor of today's common

4
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wheat because
~found in the
grown in dy
Percival (1921
hybridisatio

There is als

cereal and

ground and the coarse meal soaked
This cl
primitive ma

confirmed as

archaeologd

it closely resemblTs the wild species of wheat

mountainous region|of syria and Palestine was

Btic Egypt (Shelle This made

),

Pbargar, 1971) .

to conclude that bread wheat originated from

of an ‘emmer' and a wild species of grass.

type

evidence that wheat was first used as a parched

s time went on, the |parched grains were probably

in water and made into gruel.

darly indicates that| wheat was cultivated Dby the

h., Further evidence| of the origin of wheat was

carbonized grains Ff wheat were discovered DbY

ilsts in Turkey,. Egﬂpt. iraq and in many other

countries +ing back to 6000 BC Also in Jarmo (site in the
upland of astern Iraq). fossild of wheat kernels were found
which dated pack to 6750BC.

The filgst cultivated wheat type was the primitive hulled

types firmiy enclosed in the gl

have sprea
age throug
(Jones, 1
a result
(Lewicki, |1

Africa and

»
bt

of wheat
in Borno
Since

have Dbeell

the cultivation of wheat for

B) .
nf Arabian influences
979). This wheat must

spread via sudan to 1

hnd 19th Century in Kand

set up in the North (b

es. These were believed to

over most of the Western Europe during the stone

colonization and traﬁes to other parts of the world

The introduction of wheat to West Africa was as

from the 12th century onwards

have originated in North

ke Chad. The earliest reports

wltivation in Nigeria dates back to the 18th Century .

(Jones, 1968) .

1959, researches into

wheat and irrigaﬁﬂQn schemes
WY
tween latitudes 12 =~ 14°N) for

bread flour production to
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substitute f
to arrest 1

importation ¢

to 20% per Jnhum.

of one and thf million tonnes p

major buyer

Today, the wheat cultivation area i

hectares wit

and Beckman,

1.2 CLASSIEI

Wheat

commercial t

two princile

habit types,
which is fu
which sixte

two species

i

n species of wheat are

Triticum aestivum and T

1 g
}he dwindling foreig

pf wheat grew steadily

in the world market

h an average of about

1 985) .

CATION
8 commonly classifi
ﬁpes and growth habit,

commercial

n reserve position.

and by early 1980,

r annum,

types ajd
Wheat belongs to th

rither classified under

ur importation of ovrr 60,000 tons/year and also

The

at an average rate of close

it had reached the level
making Nigeria a

Andrew and Beckman, 1985).

n Nigeria covers about 6,000

2,000 kg/ha. yield (Andrew

ed according to species,

There are sixteen species,

three distinctive growth
grass family the Gramineae
the genus Triticum under
commonly recognised but only

riticum durum are cultivated

on large
classificat
(a) Winter

emerge and
inactive st
rapid growt
growing per
(b)
growing per]

period and

ion includes:

Spring

cannot

cale (Hanson et al

1

wheat - This is sown iq autumn.

riller before winter +#

, 1982). Growth habit

SQedlinga;nsually

W
then they pass through an

ge during the cold we

in spring and matur

wheat — This has a co
od of +three to six m

survive sustained

ther. The plants resume

in summer after a total

ipd of nine to eleven months.

inuous growth cyowyith a
ths. It has no 1inactive
rinally;
i )
|

low temperatures.




(e)

The ﬁa:ultative wheat whicﬂ

is an intermediate of winter

and spring wheat (Hanson et al, 1§82).

3.3 USES
Wheat)
advantages

centuries w

for man. 3

baked products like bread,

pie,

bread.

produce pagste products like macaroni,

(Shel lenbexr

In Northern Nigeria,

unleavened

dishes prepared with wheat include taliya,

chin-chin,

The use

price is Hhi
1971).

germ, bran

are utilijmi almost entirely for

Greer, 1970
Wheat
production

utilised in

OF WHEAT

ds a food crop.

readily stjf
refined ra

bisculits or in form of cru

Thi

gher than that of th
Howpver, flour milling by-products or offal
and pollard which amo

is also utilised in the brewing indu
bf malt drinks and distilled spirits.

like other cereal|l grains, has many natural

It|is nutritious, concentrated,

?d, transported and easily processed to give highly

foods (Reitz, 1967, Harlan, 1981). Through +the

at has been intimately associated with food uses

is used principally in the form of fine flour for

sponge | cakes, cookies, noodles, meat

hed wheat for coarse brown
crushed wheat is also mixed with Semolina ot
spaghetti and vernicidi
er, 1971).

wheat |is consumed in the form of

heat cakes or local |[biscuits. Other traditional

finkaso, puff-puff,

lkaki, gurasa, alkubog and waina (Ajakaiye, 1979).

of wheat as livesto feed is limited because its
feed grains (Shql}gnbergar,
.MHhich are
ts to 25% of the whole grain

livestock feed (Ziegler and

in the

' is also

the manufacture of starch for laundry and textile

lr'

T

S e —
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industries.

or industrial

component of

for diabeti
a flavour en

are used in

plywood adhes

1.4 NUTRITI
Wheat

cereals wi

Anderson, 19

the life for
of history

when human being first

The use of wheat in Qhe production of syrup, sugar

alcohol cannot be lover—emphasized. The gluten

wheat is used in thq production of gluten breads
and for the product

c
hfncar.

the manufacture of pastes for wall papering and

tion of Monosodium glutamate,

Also flour prpduced from low quality wheat

lves (Shellenberger, 1971).

VE VALUE

i4 one of the most iqportant of all cultivated

th respect to human (nutrition (Harian, 1981;

74). Bread, made from|wheat has been the staff of

countless numbers of human beings, right from dawn

turned from an aboreal or

nomadic 1if

to settled agricultur# (Reitz, 1967).

The pratein content of wheat varies from 7 to 22% with an

average val
other cerea

compares f

acids (Wu and

to lysine but

a good prot

in sulphur -+

Wheat hdas 10%,

fat, crude

The starch

other cerea

particular

C

1 of 14% which far excpeds the protein content of

purably in the distri

(Shellenberger, 1971, Anderson, 1974). ' Wheat

Pution of essential amino

Dimler, 1963). However, it 1s poor with regards

when supplemented withh lysine-rich foods wheat is
1974).

in source (Anderson, It is also very rich

containing amino acids.

1.9%, 3.4%, and 1.8% content of moisture,

ly (Shel lenbsrgan.’l}t‘&??l Yo

bntent (53.0-70%) of whHeat is similar +to

flibre and ash respecti
that of
ls and is readily digestible Wheat has no

ivantage or disadvantag with respect to lipids,




however, they ke substantia] contribution to dietary

requirements (D'Appolonia et al, 1P71). Processing changes and

reduces the nutrfitional content but vitamin rich foods are
prepared from t by-products whic¢h contain lot of B, and B,.
Wheat consist of [20.9%, 8.0%, 0.73%, 0.26%, 0.21%, 0.13%, 0.05%
potassium, mag ium, manganese, iron, zinc, calcium
and copper respectively. Thes values vary consalderably
depending on environmental factors. Wheat has no particular
advantage or sadvantage with ([respect to mineral content
compared to er cereals, howgqver, it makes substantive
contribution dietary requirements (Knowles andlwatkins,

1931).

Apart £ its nutritional advantage wheat has an edge

over the oth cereals because of its water inscluble protein
which gives s dough unigque cohegive properties that are very
important in/hread-making. The amounts of all the nutrients in
wheat depend jon the availability] of soil nutrients, stage of
growth and ious other factors) Most of the mineral matter
except nitrogen is absorbed before or slightly after anthesis
(Knowles and [Watkins, 1931).

The br and pollard (offal)] are very useful m@%frials in
animal nutrition, being well auPplisd with proteigq‘ lipids,
minerals. The brap particularly which contains

material helps to kepp the animal system open.

COMPOSITION 'M
ledge of the chamicﬂl composition ofh_oods. is
n understanding the [chemistry and technology of

N
{

il



food. Also

requires the

protein accus

1.5.1 MOIST

Moist

affects the

to the amour
wheat ranges
Moisture con
affects stor

because it A

1960). The

the one hour

1.5.2 PROTE

Protein
depend in p
environmenta
the period o

content wher

protein conte

protein content of wheat (Zeleney,

distributed

the grain,

part of the starchy endosperm,

some amount
1969).

Apart

tl

ny

1

1t

|t

JRE:

quality of wheat.

improvement of the:protein quantity and quality
basic understanding of processes involved in

llation during davelppment of the grains.

\
1

te is one of the most important factors that

Dry matter is inversely related
of moisture it coptains. Moisture content of
from 8% for drier areas to 14% for wet areas.

ents is of direct economic importance as this

n

£

It

bpsic method for determining moisture in wheat is

[N AND AMINO ACIDS

rt on variety and class

e. Also very dryfwheat has its disadvantages

ds to be brittle rnd breaks easily (Zeleny,

!
dir-oven drying at 13P° (AACC, 1962).

l
!
content of wheat varies from 7 to 22%, and this
but more largely on
factors during growth. Abundant rainfall during

kernel development usually results in low protein

Ls dry conditions during the period favours high

ht . Heavy nitrogen fertilization increases the

L

1960). Protein in wheat is

pn-uniformly among the morphological tissues of

hé¢ highest concentratidn occurring in the outermost

the germ and aleurone containing

while pericarp contai?s little or nothing (Kent,

fom having valuable! nutrients in the edible

10




portions, wheat | protein perform important functions which

-are dependent n their chemicall and mechanical properties.

These functions gre hinderance and disruption of the endosperm
cell contents during the roller milling of hard wheat, Wheat
protein also danfer wupon the ndosperm a texture which may
be hard or soft. They have a lot! to do with the precise way

in which the erdosperm shatters during the milling process and

also with the zes and types of farticles that result. Their

rties together wfth those of starch granules

on the procaasesiof fine grinding and of

mechanical pro
are paramoun
protein shi ng in flour, and of course, they play an
essential rol in bread-making (XKent, 1969). Many studies
have shown th wheat protein alane are capable of maintaining
high rates cf [growth in childrenffor a long period. Wheat
protein is defficient in lysine but provides 16% or more of

the dietary intake of each of the other essential amino acids

(Moran and Hajce 1964; Kent, 1960). Wheat protein is an

|

cheap contributor to the nutritive value of a
-

elative deficiencyjof lysine Dbeing obscured
!

because of lysgine supplemantation:by other constituents of the

|
l

its uniqueness in !bread making to the protein-

important anq

diet , its

diet (Kent, 1969).

Wheat o

gluten, a principal storage protein formed in the proteoplast.

Gliadin and |glutenin form about {0-85% of the total endosperm o
protein (Me¢han et al, 1981). TRey are insoluble 1% alcohol,
{al:

dilute acidgd or alkali while arhumin and globdlabs are

soluble. Mechan et al, (1981) further reported th@%fgliadin
synthesis bepgins 10-15 days post ﬂnthesis. !

A

u i



Work on

(1963) showed

proline which

protein. The

bonds which ar%

protein,
and plasticit
has

and Bradley,

when protein ]

1958). Argi

inverse re
! phenylalanine
correlation w

The prot
parameters
conditions du
interaction
high protein
of higher 7

the same cp

grain nitro
protein whep

nitrogen per

to its lower

amounts of g

contx

been shoqn

i

o} §

X

tu?ir amino acid composition by Wu and Dimbler,

unusually high contents of glutamic acid and

clonfers strong aggregation tendency to wheat

-
b

tqvalent, ionic, dipole, hydrogen and hydrophobic

as a result of amino acids interaction in the

ibutes greatly to +the cohesiveness, elasticity

yl pf the dough structure (Pomeranz, 1964)., Lysine

to rise as protein content is lowered (Hepburn

1965). This inverse relationship is wvalid only

vel is less than 18.5% (Nx5.7) (Lawrence et al,

nine and some amino acids show other similar

lgtionship with ©protein; glutamic acid,

proline have beenrraported to show a positive

th protein (Hepburn /and Bradley, 1965).

in content of wheatj one of its principal quality
8 influenced primarily by the enviromental

also the and

!
with gfowth environment.

riing growth and by genotype

genotype There are

4haat cultivars which consistently yield grains
otein content than |low-protein wheat grain under

ndition (Donovan et al, 1977). Differences in the

 content(% dry weight) Dbetween a high and a low

t has been attributed to higher amounts of

kernel in the high protein cultivar and partly

kernel weight, also associated with these higher

rain nitrogen were higher levels of non~protein

nitrogen par

ticularly in the earlly stages of grain development

12




(Donovan et
levels of
translocation
higher rate p
final grain
synthesis is

A study
development h
and glutenin
decreased agpg

1982). It

contain prot¢ins with a higher

grains. The
amino acids
of these prg
score,
value decline
decreased al
amino acids
of essential

Glutamate

n

protein content, pro

Wwas then concluded %

m
tlein fractions during

essent
b

at
mino acids (Xapoor ai

1, 1977). It has barn suggested that the higher

on-protein nitrogen reaching the grain by

from other parts ofi the ©plants may lead to a

f grain protein accumulation and thus, a higher
vided that the duration of
maintained.
of the changes in protein fractions during grain
ave shown that the proportions of gliadin I and 11
II increased while those of albumin and globulin
the wheat grains mftured (Kapoor and Heiner,

hat immature wheat grains

utritive value than mature

increase or decreas in the content of certain

ight be due largely to changes in the proportion

grain development. Chemical

ial amino acids indéx and calculated biolecgical

d during grain maturation. This might be due to

umin which contains high quantities of essential

d increased gliadin which contains small amounts

hd Heiner, 1982).

has been reported to be the major transpprt form

of nitrogen | ((Sodeck and Dasilva, 1977). However, Asparagine's
contribution [pbecomes more important in some cases as the plant
matures, A large amount of Pither amide is probably
incorporated directly into the appropriate prolaminaﬁ!i:

storage prot
glutamine wo

nitrogen for

din in cereals. Presrmably, excess asp

.\%P major
: %gina or
uld be catabolized to supply both carbon and

the synthesis of other amino acids and perhaps of

|
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sugar as wel

De no synthesis of a number of amino acids from radio-
active gl mine, glutamate or aspartate in developing wheat
seeds before the discovery of glutamate synthethase in bacteria
and later |in plants, ammonia was considered to be assimilated
solely +threugh the route involving glutamate dehydrogenase.

However, Lﬁa demonstration of glutamate synthase in plant

tissues (Stewart and Rhodes, 1978) has changed the whole
concept of | ammonia assimilation and it is now generally agreed

that ammonfia is assimilated in robots as well as in shoots of

higher p ts via the glutamine synthase - glutamate synthase
pathway These two enzymes have been demonstrated in
developi grains but it is still not known with certainty as
to which| pathway of ammonia assimilation is operative in these
tissues. The developing grains are also known to transform
extensi Yy glutamine and asparagine, translocated from the

leaves fthrough the phloem before being incorporated into
storage| proteins. The enzymes of glutamine and asparagine

metaboligm thus appear to play an important role in determining

the extemnt of storage of proteins accumulation in grains during

develo nt in wheat, although, a barrier to the transport of

nitrate from the phlocem sap to e developing grain has been

suggested. (Nair and Abrol, 1977), the presence of active

reductage in this tissue has stijl not been demonstrated. ¢
is noW |generally agreed that primary assimilation of ammonia
I

into o9rganic nitrogen does take place in the grain in situ.

Demongtration of glutamate dehy?rogenase, glutamate synthase

|

|




~ and glutamat%-oxaloacetata tgansaminase activities in

developing grains does not indicjte that both the glutamate
dehydrogenase thway and gluta'ata synthase cycle may be

operative in the primary assimilaTion of ammonia in the grain,

but this has bl n proved that ammonia assimilation in the roots
as well as in [the shoots of higher plants is via glutamine
synthetase, glutamate synthase pathway (Miflin and Lea, 1980).
Developing grains do not have |[catabolic activity to any

appreciable exYent, and the constantly increasing activity of

glutamate dellydrogenase (GDH) dPring development strongly
suggests that| glutamate dehydéogenase might be actively

associated with ammonia assimilation (Garg et al, 1984).

} 1,5.3 CARBOHYDRATES
Carbohydrates are the most abundant and widely distributed

food component! in wheat. They are basically divided into two
groups:

(1) The styyctural polyssacharides which include cellulose,

hemicellulose (and lignin which are part of a rigid mechanical
cell wall, and
(2) Nutriént polyssacharides Hhich comprises ofﬂﬁtarch, a
metabolic re $rve in plants (D'Appolonia et al, 1971)%{

Early rkers identified the| major carbohydrata§éomponant
of wheat. %jority of such studies dealth with the proximate
chemical composition by which carbohydrates are ef ssed as
the differendqe between 100% and the sum of the péglfhtage of
moisture, protein, fat, ash and crude fibre (D‘Appolggra et al,

1971). Ho ﬁver. there are new quantitative methods which
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|

|
of Adening |Diphosphate Glucose ?Pyrophosphorylaaa (ADGP)
corresponds (with the low level of s%arch.

Free [sigars, total sugars, reducing sugars, non-reducing
sugars an ucrose per grain in deleoping wheat grain followed
closely € changes in the rate oq starch accumulation and in
general wene maximum at the 14 daﬂ stage allowed by a decline
up to 28| days with no significa#t alteration afterwards,
Reducing |dugars in ripening grains may arise due to the
hydrolytip|action of invertase and|sucrose synthase on sucrose
and may Hel stored in the endosperm|/either as sucrose or in the

form of [glucofructosans (Kumarjand Singh, 1981). Their

accumulation is grains until the 14th day would indicate that

they are| hot utilised at the stagd as active starch synthesis

starts from 14 days onwards. Al sharp decline afterwards

indicat their wutilization in -tWe synthesis of starch. The

of sugars in grains eve? when starch synthesis is

might be due to the translocation of surplus sugars
not converted into starqh. This indicates that the
on of starch accumulatiofi as grain matures 1is not

easation of the supply of precursors but to loss in

etic capacity of the endosperm. :
nine diphosphate glucose yrophosphyorylaséjis most
active|during the period of maximum starch synthesis and it may
ldered a rate - limiting sfilep in starch accumulation in
develdping wheat grains. Similirly. Dickinson and Preiss

reported that the converai%n of glucose-1-phosphate by

the adtlfion of this enzyme controls|the rate of starch synthesis

endosperm. 3- phosphoglydqerate is the positive effect

17 1 !



of this enzymg.! Its level closely|followed the changes in the
rate of star*h accumulation in r?cn grains (Villareal and
Juliano 1977]). It was assumed that 3-P-glycerate is
concentrated iy the pericarp as itq level followed the level of
chlorophyll which is found exclusiraly in pericarp. This was
confirmed by Sin (1965) who found that the decline in the rate

of starch adctimulation in rice grains followed closely the
visual disappgarance of chlorophyll in the pericarp. Immature

green barlesy |and wheat have been shown capable of active

photosynthegis and %*o contain ribulose-5-diphosphate and

phosphoenol| pyruvate carboxylases. 3-phosphoglycerate may

occur in pérjcarp as a primary product of carbon fixation.
Based on this, it was hypothesise that as long as the
pericarp ains green, 3-phosploglycerate is avallable
to activate |adenine diphosphate |glucose pyrophosphorylase
(ADPG ) whiph further controls starch synthesis. Also there

is a reversd relationship between .tarch content, reducing and

non-reducing sugar contents in developing wheat grains (About-

Guendia anh D'Appolonia 1973).
Dono¥dn et al (1977) als reported that Adenine
Diphosphatie| glucose Pyrophosphorylase (ADPG) could be used as a

critical fdterminant of the ceasalion of starch accumulation.

Turner ((1p69) sugyested that these enzymes were under
regulato control by nucleotides.

The activity of uridine diphosphate glucose

pyrophosphprylase in wheat has hee:Lr-portad to be much greater

than th aof ADPG pyrophosphoryl However, both enzymes

increased (in activity during the praso of starch synthesis and

i I



a sharp rfiise in ADPG pyrophosphorylase was associated with the
onset of pid starch formation. | Adenine diphosphate glucose
(ADPG) pyr¢phosphorylase activity ﬁecreasad to a very low level

when star formation in the graip ceased and some with UDPG

pyrophosphorylase. There was a| sixfold increase in ADPG

pyrophosphorylase on the 5th day |period which coincided with

the ons of the phase of rapid |{starch synthesis. Starch

accumulation effectively ceased brtwean 33 and 38 days from

floweri and during these periods both ADPG and UDPG
pyrophosphorylases activity declined (Turner, 1969).

and Singh (1981) reported on the relationship of
tabolism and grain size in wheat grain. They showed
ve starch synthesis started from 14 days onward and
till 35 days after anthesis. Invertase was also
reported (to be active only during |the initial stages of grain
development. Sucrose~-UDP glucosyltransferase had maximum
activi at the 14th and 21st day stage and was'prgsent
throughgut the period of grain develocpment, UDP-and ADP-
glucose |pyrophosphorylases and amylasa were most active during

the period of active starch synthesis and at the same time

tended| o parallel grain size and|starch content at??tfferent

stages| of grain development (Kumar land Singh, 1981) :f‘

b
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sucrose = Fructose-6—
Sucrose synthetase Fructose [|~———==m==- > phosphate

+ (| mmm—— > + hexokinase b
UDP & e e e UDPG ! phosphoglu~
i PP’ i {icoisomerase
i1 i 1UDPG i

i inucleoside \ ipyrophosphory~- i
tidiphdspho- iilase i

{tkinage UTP Glucose-l-phosphate —-———--- > Glucose 6-

&) e { m——————— phosphate

i) i Phospho-

P ATP (i glucomutase

P i 1ADPG+

M ! ipyrophosphorylase

il PP HH

ADP H

+ e e v e e o e i o S v ADPG

Starch ADPG - starch
synthetase.

Scheme q: Mechanism of starch synthesis (Turner, 1969),.

1.5.4 |LIPIDS

J *iason and Baughman (1930),| Sullivan and Bailey.(lgas),

and mdny other cereal chemists Worked on the fa?ty acid

composition of wheat, Though Vairas and composition vary from
other [cereals considerably, lipids of wheat have no particular
nutritional advantage but make substantial contribution to

|' .
.-‘i E'

dietary requirements.

The principal location [of 1lipid is ﬁﬁe germ

(Shell%nberger, 1971). Linolenic pcid accounts for p@arly half
the tiotal unsaturated fatty acids and palmitic acid is the

\

major [saturated fatty acid (Mechan, 1964). Lip content
rangds| from 1.4% to 3.8% depending on the

hod of

'-ii !
analypgis, Kernel size, with v?riety having leagt effect

i

(Pom nz, 1968). i)

Pr
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poorly o

lipids in

invelved

oxygen W
fatty-ac
the oxi
evidence
than 1i
(Bloksm
1969).

acylgly
propert

increase

C

inderstood.

'h

d

1%

a

cerol have

esses involved in lipid degradation during storage is
However, the functional effects of the many

wheat on flour processing are many. Flour lipids are

through a lipoxygenase system in the absorption of
ich occurs when a dough is mixed, and the lipoxygenase

ild system may be involved in the maturing of dough by

Btion of sulphurhydry (SH) groups (Summer, 1943)

that free fatty acids are oxidised by enzymes other
pzygenase in dough mixing has also been reported

&= Morrison and Maneely

al 1957;

4

1959; Cookson

Wheat—-germ fat such as unsaponifiable material and

little or no effect on the rheological

ips of a patent flour but unsaturated fatty acids

dough development time (Sullivan et al, 1936).
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Sample Coll

MATERIALS AND

ection

Thre

cerros,

Institute
University

All vaxy
after anth

immediatel

container

wel

e varieties ocf wheat, Fr

flor Agricultural

Zaria.

rieties were
esis,

for moisture while the

'4 grown in open fields at

Resear,

harvested at

The samples we

hf 0°C prior to analyses.

CHAPTER TWO

TETHODS

dnd, Pavon 76, and Siete

the irrigation site of the

ch Samaru, Ahmadu Bello

7, 14, 20, 30, and 34 days

re shelled and analysed

rest were kept in airtight

d in a mortar with chilled

d the filtrate centrifuged

The resulting supernatant was decanted

for glutamate dehydrogenase

glutamate synthase were

a Beckman DB-GT

using

{idation of NADH to NaDpt at

Sample Pr ration

Storgd grains (10g) were grou
(50ml) 0.1M tris-HC1l buffer (pH 7.6

The spension was filtered a
at 10,000 | for 4O0Omins.
and used source of crude enzyme
(GH) and gjlutamate synthase (GS) anleaea.
Enzyme Asspys

Glutamate dehydrogenase and
assayed pectrophotometrically
spectrophdtometer to follow the o3
340nm by |the enzymes (scheme -2).

W
i

f i
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A. COOH COOH
c=20 NEH,CH
iy | WHg __NADH, GDK | Gz % 2
CHz -------- ; ----- CHz
| NAD . '
COOH COOH
Ketoglfhtaric acid L Glutamic acid
B. COOH COOH COOH
H,NCH c=0 NADH GS H,NCH
: §  emm————— S et 2 7
CH CH, e s emen CH, + H,0
2
;2 : NAD" e .
o Ciip CHy
CONHp COOH COOH
Glutamjine -Ketoglutaric L-Glutamic acid
acid
Scheme 2iA: Reaction sequence for the formation of Leglutamic

acid from -Ketoglutamic acid and ammonia.

B: Reaction sequence for| the formation of L-glutamic

acid from glutamine aﬂd -Ketoglutamic acid.

4 1
8|

The readtion mixtures for GH contained 0.1M tris—HC1 buffer

(pH7.6, [1.4m1), 3M NH4Cl (o.lml), P.33M ~Ketoglutamic acid

(neutral), 0.1ml) 1mM NADH (0.2ml) | and enzyme extract (0.1ml)

all mixed together in a cuvette,

Whille the reaction mixtures fop GS contained 0.1M ‘tris-HCl

0.5ml). 0.2M glutamine (O. 2ml), 0.2M -

buffer| (pH.7.6,

Ketoglutamic acid (neutral 0.2ml)
|

0.02M EDTA (0.2ml) imM NADH (0.2ml),
{

,%Hercaptoathanol (1! 100v/v,

0.2ml)| p.1M kKC1 (0.3ml),
|
all were mixed in a cuvette. The

l
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and erzyme extract (0.1ml),




rate of

the chang
spectrophd

as:

Actiy

Wherf

Aliquots
tubes c
Potassi
thoroug
incubate
phenol
thoroug
temperat
GT sapec

against

Mol

official

Total A

a

u

t1

vLilable Carbohydrate

oxidation of NADH to NAD' lwas followed by monitoring

in absorbance/min at 340nm using a Beckman DB-GT

tometer. The activities of GH and GS were calculated

i

il
(|

y i

]

ty

A/min x Vi

—— — — — ——— ———— ——— -

ENADH at 340nm

e
X Va

A/min change in absorbince per min.

1

/t Total vol. of en extract

L yme

Extinction coefficient of NADH at 340nm.

40nm ,

[NADH at=

Va = Volume of sampla%takan for assay.

(0.1m) of the crude enzymo{preparation were added *to

taining 2% Sodium Carbonate (4.9ml), 2.7% sodium
tartrate (0.05ml) and 1% copper sulphate (0.06ml) and

hly mixed using a votex mixer. The mixture was

After incubation

i|for 10 minutes at room temperature.

reagent (0.5ml) was rapi@ly added to each tube,

hily mixed and incubated for 30 minutes at roem

L)

The absorbance was read at 700nm in a Beckman DB-

!
!

rel

rophotometer. The protein| content was calculated

qovine serum albumin standard

CHEMICAL ANALYSIS

%ture, ash and crude lipid|were determined by the

methods of analysis (AOAC, 1980).

Ali

quots (0.2g) of the finely dround dried samples were

- \.- .
3 Tl TS -
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weighed i 100ml beaker to which was added 10ml of distilled
water. mixture was stirred|for 10mins to disperse all
solids, flollowed by the addition| of 13ml 52% Perchloric acid
and again [stirred for 20 ins. The samples were filtered and
the filt e transferred into ZSOPI volumetric flasks and made
up to th ark.

The [fifiltrate (0.1ml) was digpensed in triplicates into
test tub to which 5ml of freshly prepared anthrone-sulphuric
acid reagent was rapidly added, oroughly mixed and placed in
a boili water bath for exactly 20mins cooled rapidly to room
tempera e and the absorbance ra?d at 630nm. The carbohydrate
content (was calculated against 0.1% D~ glucose standard
calculation in as follows:

% rbohydrate = At x Std X 100

Asta v

W e At = Absorbande of test

Astd = Absorbanqa of standard
Std = Concantrition of standard

V = Volume of sample used.

Total otein:

h ;
total protein was determined by the Micro Kjeldahl

metho f AOAC (1970) and Purvis gt al (1964).

al protein concentration Was calculated as follows:

Nitrogen = (A- B) x| N x 14.007 x 100

) H‘- _‘_nj 'l.
Protein = % Nitrogen x conversion facédg‘(s.aa).
ere A = volume of HCl used

|
. |



B = titre value

W = weight of s

of the blank

N = normality of HCI

Fmpla taken (g).

Crude Figrr
Crudel [fibre was determined according to the method of

Shirlaw (1
Two ¢
under ref

sulphuric

967) .

rmees of dried, ground,
lux for exactly 30 min

apid. The mixture was fi

washed wi

h boiling (or hot) water

defatted sample was boiled
utes with 200ml of 1.25%
ltered under vacuum and then

until neutral (pH = 7.0) the

residue w 4 boiled further in 200ml of 1.25% sodium hydroxide

for 30 minutes, filtered and wa

neutral (

amount of

transferr

crucible.

muffle furnace at 450 - 500°C for

was cooled

= 7.00). The washing

hed with hot water until

was continued with a little

thanol. The residue wap dried, cooled, weighed and

The content of the cri

ed into a previously washed, dried and weighed

icible was incinerated in a

four hours, after which it

in a dessicator and finilly welighed.

Calcgulations:
% Crﬁde Fibre = weight residue - weight of ash x 100
----------- — - ——
Original weight of sample
MINERAL ELEMEN.

Mineral elements were determi

of AOAC |(1970) and AMC (1960).

Wet Dingtion of Sample :

ned a .ding to the methods

Th

|
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method of the Analytical Method Committee, (1960)



which used| mnitric and perchlori¢ acids as the decomposition

reagent for organic matter was used. These acids have

advantage ¢f not producing insoluble sulphates which may absorb

a considerable proportion of trace metals.

Sample Preparation

Two 4rammes of the dried grdound sample was accurately

weighed into a 200ml Kjeldahl flﬂsks. To this was added 25ml
of concentrated nitric acid and glass beads. The mixture was
boiled slpwly for 30 minutes under fume cupboard. This was

cooled and| 15m]l of perchloric acid added. The mixture was

boiled viery gently for about jone hour until it became
colourless| and dense white fumes| evolved. This mixture was
allowed t9 cool and gquantitatively transferred to a 25ml

volumetric| flask and diluted to vqlume with distiled deionised

water.

ELEMENTAL ALYSIS

Atomic A Jp:ption Spectrophotometr

The | determination of elament#. Magnesium, Copper, Iron,
Zinc, M anese, Cobalt and Calcjium in the digestmjl samples
was carrjied out by the method of 0*borne and Voogt (IQVE).

The polution obtained from thHe wet digestion was sprayed
into thel flame of an atomic absorption spectrophotometer SP-900
and the +bsorption of each metal |was measured at a specific

wavelength using appropriate atand%rds (see Appendix i

Calculations

As fdr copper (see Appendix).

0

v
¥
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MANGANESE

Manganese determined at 279.4Bnm with a maximum lamp
current of 12mm | gnd slit setting pf 0.10 - 0.15mm. The flame
system used was |gir-acetylene. Tpe concentration of manganese
in the sample #olutions were read off from the calibration
curve plotted fr the readings of| the standard solutions.

Magnesium|, | Calcium and Cgbalt were determined and

calculated as t? rest of the elempnts.
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ENZYME ASSAY

GLUTAMATE SYNTHASE (GS) ACTIVITY

RESULT AND DI?CUSSION

Presented

The activity
5.9 x 102 - [
9.05 x 1073, B
2 uM/ml/min
respectively)

0.001) differe

of the three varieties

on table 1 is activiﬁy of G5 during development.

of wheat kernel range from
0.5 x 1072, 4.8 x 10'1 - 9.6 x 1073, 3.2 x 1073 -

0 x 1072 -~ 8.2 x 107 and 3.6 x 1072 - 9,8 x 10~

Jt 7, 14, 20, 30, and 34 days post anthesis

The three cultivans showed significant (P«

hce as maturity was atitained with Pavon 76 having

the maximum dctivity of 9.8 x lo_zur at 34 days post anthesis.

However,

progressed.

who showed that glutamate activity

from a very ld
at day 24 |(

respectively) .

This agrees with the

all (varieties showed increase in activity as maturity

ork of Garg et al, (1984)

w value at day 10 aft

er grain increased sharply
Ir anthesis to a peak value

0.86 ~ 1.22 nMole/min at 10 and Zﬁ days

However, the lower| activity observed in this

2

study could be as a result of yarietal difference or non

purification| ¢f the enzyme extract.

this 1ncraéa

L |

It could be suggested that

e in activity of glutamate synthase (GS) in

developing

cycle is opegative in the primary

wheat kernel [

h#at kernels could be

an indication thqmzrha GS

|

lassimilation of a" 11& in

Miflin and Lea, 1976; Sodek and Dasiva, 1977).

Glutamate Dehydrogenase (GH) ajctivity (uH/ml/min)iQf the

three wheat |cultivars during development is presented
I,'

2. The three

(P<CD,001),

wheat cultivars showe

However, the threaiwheat varietiea}sﬁowed

significant | (P<o,001) difference as maturity progressaa} with

¥

| .-ﬂ.'-:‘-\
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Table 1: Glutamate synthase (GS) actiwity (uM/ml/min) of
develg¢ping wheat grains
Variety Days Post Anthesis
7 14 20 30 34
-3 -3 ~3 -3 -3
Frond 5.9 x 10 4.8 x 1 3.6 x L 3.0 x 10 3.6 x 10
10.-5‘% io.ozag 10.01‘lg 10.3‘%’ +0.03%P
] -3 -3 o | -2 -2
Pavon 76 10.5 X [1 9.6 x 10_° 9.05 x 107~ 8.2 x 1 9.8 x 1
10.:1“'3 +0.012%  40.3 +0.5 30.91‘g
-3 -3 -3 -2 -2
Siete- 7.5 1 7.4 % 10 3.2 x 3.25 x1 4.0 x 10
cerros +0. :ag 10.04a +0. 1ah 10.5ag 3o.zah

Results are e
Figures bearing
a=p<0.001
b=p<0.05

30

ssed as mean + standard i:viation (n=4).
the same superscript lett

are significant.

-
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Table 2: Glutamatd dehydrogenase activity (uM/ml/min) of
develo#i wheat grains.

Variety Fand Pavon 76 Siete cerros
Days post
anthesis
7 a3.40 X 103'3 a3.55 x p0~3 43,35 x 1073
+1.7 +0.15 +0.05
14 )| 44 x 1072 31.64 x n0~2 3.84 x 1072
+0.53 +0.04 +0.04
20 31,05 x 10,72 31,40 x 10,72 £2.28 x 10472
+p.01 +0.11 +0.05
30 a1.bo x 1072 1.16, » 10472 32.37 x 105°% |
+D.35 +0.30 +0.01
34 3.7 x 10,72 4.8 x 10,72 3.6 x 10,72
. #1.25 +0.26 +0.01

Results are expret ed as mean + standard gdeviation (n=4)

Figures bearing the same subscript number|and superscript letter

are significant. L8
3
a

p < 0.001
p < 0.001
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Pavon 76

wing the maximum activ?ty at 4.8 x 10 %uM/ml/min at

34 days pogt anthesis. However a{l varieties showed increased

activity maturity was attained,. Garg et al (1984) showed
that GH ackivity increased durind kernel development (1.78 -
2.50 nMoleymin at 10 and 31 days| post anthesis respectively)
with variety playing significant rPle.

It iF also evident from the repsults obtained in this study
that all |[df the wheat cultivars pxamined have at least the

enzymic ﬂo

Lential to assimilate an+non1a via both the GH and GS

pathways. The ability of the grain GS and GH of the three
cultivarg fto utilise NADH is evidenced though the enzymes have
not been| sufficiently purified anF characteristised to permit
utilisatign solely due to GS and GH. This infact could perhaps
explain the non-correlation between the level of protein and
activiti of the enzymes,

The| moisture content presentied in table 3 of ?ha three
varietiep|of wheat kernel range frpm 66-70%, 53-59%, 42+-45%, 9-
29% and |[6-8% for 7, 14, 20,30,34 days post ahthaais
respectivply. There is no differepce in the moisture content
of the three varieties of wheat until at 30 days pos@ apthesis.
when thel moisture content of von 76 was signilgcantly
(P<0.001) lower than that of Frond{and Siete cerros.v7fhere is,
however/ |a significant (P<0.05) difference in tho;lnoisture
content |as maturity progressed in each variet}. This
differenge could probably be attrﬂbuted to the accu tion of
dry mattLr in the wheat Kkernel, 3 process which i.. §ersely
relaed [to the amount of maiatur% (D'Appolonia et gi? 1971).
Matured |wheat kernels have baon:eported to havei@oistura

(gLl
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contents between 10-12% andl
Turner, 19469) respectively. The
study can/ possibly be due to the
the wheati [varieties were cultiva
some whe
it becom too brittle and brea
flour (Ziggler and Greer, 1971).
The| moisture content at 341
precipit

and Sietle cerros varieties.

TH
the sudfden stoppage of irrigat

anthesi# onwards.

Protein
The! total preotein content
develo g wheat kernels showed

days post anthesis (Table 4 and

ited.

14% (Kumar and Singh, 1981,
lower values observed in this
dry harmattan period at which

Low moisture content of

varieties have beene related to its quality because

ks easily, thus low gquality

days post anthesis showed a

pus drop from that of 3? days especially in the Frond

is change was probably due to

ion water from day 30 post

“rahim  Library,

- Bello l,ru'.'gu-:;,'
4 = Hiucris

of the thrse varieties of
significant (P<0.001) at 30
5). The protein content of

higher than that of Pavon 76.

Frond 8 significantly (P<0.001)
Howeve all varieties showed
conte from 7 days post anth
content|at 30 days post anthesisg
and 1 ays post anthesis for Pav

ncrease in number and siz

develdpment of wheat kernel has

}

imilar increase in protein

is with a maximum protein

for Frond and Siete cerros,

on 76 (Table 4).

e of protein bodies during

been documented (Garg.et al,
The influence is that the

Pulina) are being’ ‘ erted to

1984;  Morteon and Raison, 1964).
scolublg proteins (albumin and gleo
storage proteins as evidenced in
soluble protein content of whet

the prograssive'dﬁﬁrease in

kernels (Table S)i.' Protein
1
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Table 3: HNoi e content of developing wPaat grains (%)

|

pays

r

post anthesis

Variety | U 14 20 30 34

: -
Frond 9.612 53.57% 45.47% 20.50%" 6.86%

.03 +0.03 +0.04 +0.01 +0.01
Pavon 76  |69.44Y 59,257 42.667 9.08%" 7.08%
+0.22 +4.86 +0.32 | +1.95 +0.05

|

Siete cerros| 66.89Y 59.237 45,657, 29.04%" 7.79%
1.67 +5.39 +0.25 | +7.45 +0.10

|

Results are eypressed as mean + standard deviation (n=3)

Figures beariing the same supersgcript letter and or asterick are
significant

3
a.l

=
r B
==

=i B e

A A A
oO0Q0
=]
&3

1
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Table 4: Total pfctain (%) of developing wheat grains.
ys post Janthesia
Variety 7 14 0 | 30 34
Frond 11 7€'° 14.62,°  15.92°'  17.97%  14.43¢
wl® 40,50 +0.01P +0.01 +0.50"P
Pavon 76 14l 427 16.657 ~ 16.370,  11.987 12.18°
+0,.01 +0.40 +1.22 +0.61 +0.60P
* * :
Siete cerros 11.78 ¢  14.62.°  14.15° 14.62° 9.54°
+C +0.01"?  +0.11"?  +0.01"®  41.10P

.rﬂ’

Results are exp
Figures bearing

(horizontal) let

not significant.

c =
b=

p
p

< 0.
( 0.

00
aa

1
5
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sed as mean + standard deviation (n=3)
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Table 5: Soluble protein (%) of developing wheat grains.

Days post | anthesis
Variety 7 14 20 30 34
1

Frond L. 64° 1.63;C 0.65;° 0.53; 0.51°
+0.03 +0.06 +0.01 +0.60 +0.02

Pavon 76 L. 475 1.56° 0.66;° 0.34; 0.34°
+0.,02 +0.05 +0.03 +0,03 +0.05

Siete cerros 418 1.69;c 0.60° 0.32; 0.28°
.01 +0.02 +0.02° +0.04 +0.01

Results are e ssed as mean + standard deviation (n=3)
Results bearing the same superscript (vertical) and subscript

(horizontal) ter are significant while those with asterick are
not significant. |

c=pK 0.001 *c and *b are not significant

b = < 0.05

|
i
|

s e
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content varies from about 6 - 20%. This depends on variety and

class but e largely on environmental factors during growth

(Kasarda ef [al, 1971). Protein |content is also influenced

considerably| by the available sﬁil nitrogen; heavy nitrogen

fertilisatio

increases the prote}n content of wheat kernels.
The signiffigant (P<0.05) decrease of the protein content in
Pavon 76 Siete cerros could be as a result of ?ﬁa heavy
glood of rigation water at this pericd. Since'gbundant
rainfall hag been documented to rTault in low protein content

during kernpl development (Kasarda|et al, 1971).

Total Car

The |carbohydrate contents in the three cultivars of
developing|wheat grains was significantly (P< 0.05) higher at 7
days pos nthesis (Table 6). The|carbohydrate content of all
the cult rs decreased as maturity progressed. There was also

significapt (P< 0.05) difference| between the carbohydrate

conent of (Pavon 76 and the other twop varieties (Frond and Siete

cerres). Increase in carbohydrate content durinfﬂkernal

developmgnt have been documented |(Kapoor and Heinaf; 1976;

Donovan gt al, 1977; Jennings and Morton, 1963). Conversely,

result tained in this study showgd decrease in carbohydrate

content | during development. The inference could be either that

the so le carbohydrate content jare actively mobilised and

used f the synthesis of ATP used in Nitrogen fixation as

shown owW:

Ll
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i[Krebs ! Noase
Glucose-—bfcycle: ————— > [H] E W g = A" —--NH,
Yl ! Wil i
- { many ADP+Pi{ ADP+Pi
H,0 Co, out 0,in i :
2 2 2 \
| Oxidative '
(Spreént, 1979) !Phosphorylati¢n | ————- > many ATP
H,0 out

OR that it| can possibly be due t

non-reducirng sugars by the acid extraction procedure.

I B8

b the non hydrolysis' of the

A maggive accumulation of ami?as glutamine and asparagine

was accompanied by rapid lose of (tissue carbohydrate (Miflin

and Lea, [1980).

It could alsoc be deduced that since only
{

soluble firaction of total carbohfdrate was assayed, perhaps

there is| ¢onversion to structurql

|
decrease. i

|
!

carbohydrates

Crude

thus the

The lcrude fibre content (presented in Table 7) of the

three varirties of wheat kernel range from 0.41-0.61%, 1.40~
1

3.08%, 6.17-13.29% and 6.25-13.83% at 14, 20, 30 and 34 days

post anthegsis respectively. TherT is significant
differencle between the three va
development Siete cerros differ sjignificantly
Pavon 76 and Frond having the least

stages of development.

Both
related tq4 the amount of bran in wheat,

kernels usphally have more bran on akL

(P<0.05)

(P<0.05)

rieties at all stages of

from

crude fibre content.at all

v
crude fibre and ash contrnt of wheat karnils are

small or shriveled

11
basis and therefare more

:

crude fibrp and ash. Crude fibre coptent is usually!/fn the

38
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]
Table 6: T 41 available carbohydrate (%? of developing wheat
grains '
1
Days post | anthesis
Variety 7 14 20 | 30 34
Frond 81.79.¢ 70.65. ¢ 65.62° 59.59;° 51,01
+6.79°  +4.33®  +0.02®  +0.06®  +0.01P
Pavon 76 71.18°  63.36°  59.65%  60.00¢  54.90°

Siete cerrags

+5.30°  +2.48®  +0.55%  +2.50°  +0.30P

i
79.an;° ?0.11;° 62,519 55.19;° 54.5o;°
+5,28°  45.82 10.023 +1.70°  +1.00

-

Results ar
Figures be
(horizenta

not signifidant.

ressed as mean + standard deviation (n=3)
ing the same superscript (vertical) and subscript
letter are significant while those with asterick are

0.001
0.005

r——

Wie
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Table 7: | €rude fibre (%) of developing wheat grains.
Days post anthesis

Variety 7 14 20 30 34

Frond Nd 0.599 2.350  13.297  13.837 o
+0.06 +0. 06 +1.59 +2.01 _

Pavon 76 Nd 0.61; 3.0$ 10.52§ 11.02;’)
+0.01 +0.0 +0.24 +0.24

Siete cerrds Nd 0.41§ 1.40° 6.17g 6.25§
+0.02 +0.19®  +0.13 +0.13

Nd = not tected.

Results expressed as mean + standard deviation (n=3).

Figures bearing the same superscript

(horizontal]) are significant while those with

not signifilcant.
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(vertical) and subscript
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range of 2.0 tc

to 14% moistur?

obtained in th

iL study for the Cru

y |2.7% and the ash 2.4 to 2.0%, both calculated

basis (D'Appolonia,l 1971). However, results

de Fibre content is much

higher than th

difference in |y

content as th

the increased

Total Lipid

The total
three developi
difference as

differ signific

total 1lipid co

study ranged ||

q

0.81%, and O

anthesis respeq
Total 1ipi
of widely difE{

Sullivan and

——

a range of 2.
al, 1966).

Fat ext

t

mpturity was attained.

%arent character and

# reported., This could probably be due to the

ariety. Also the lincrease in Crude Fibre

wheat kernel davelogad could be attributed to
|
ructural complexity If the wheat kernel.

lipid content (presented in Table 8) of the

g wheat cultivar showed significant (P<0.001)

Also the three cultivars

ntly(P<0,05) at all ptages of development. The

ntent of the three wvarieties obtained in this

from 23.3-27.7%, 17.?*20.2%, 18.7-19.6%,n0.45~

91-1.19% at 7, 14, 20, 30 and 34 days post

tively.

d content of 2.5-3.8%|in 20 North American wheat

origin were documented,

ar (1927); averages of 2.52% lipid content, with

to 3.3% in 32 samples| was reported (Pomeranz et

table petroleum ether|was reported to range from

1.4 to 2.6%

study is com

slight disf epancy could be a

diffeerence,

chan, 1971). Total fft content obtained in this

able with that of Medhan, (1971). Howse , the
1ra result of varietal
s documented by Sullivan and Near, (19277, 1t

could also ﬂe suggested that because of the loation of lipids

!
o |
L

I ————



Table 8: Crude|lipid (%) of developing wheat grains.

I ! Days post anthesis
Variety [J 7 14 20 30 34
-~
Frond 07.72. ¢  20.17° 19.67° 0.68° 118"
k5.10° 46,200  +4.51%| +0.01%  +0.06P
Pavon 76 23.33;° 17.aeg 1a.71§ o.qsg 0.91§
+0.16 +0.31 +0.13° | +40.16 +0.09
Siete cerros 25,33° 19.34° 19.14%| 0.81° 1.16°
#1.29°  41.29°  +0.09°| +0.02P  +0.23P

1

Results are e
Figures bear
(horizontal)
significant.

c =p/< 0,005

b =p/< 0.05

*¢ = npt significant.

the same superscript (
e significant while those

essed as mean + standard deviation (n=3).
vertical) and subscript
ith asterick are not

£ g P T 4



in structures

films (gluten

Thus +the lower

Also because

consuming, and

it could be sug

being converte

content during

t4he lipid cont

The mine

1

|

(starch granules, aieurone cells) or protected
Prtrix) extraction!solvents are impermeéble.
values observed (Techan and Mohammed, 1955).
the proess of Nitrogen fixation is energy
carbohydrate components are actively ﬁtilised,
jested that lipids !through gluconeogenesis are
to carbohydrates. gThus the decrease in lipid

d size could also influencee

nt (Chiu and Pomeranz,

evelopment of Xerne

1967).

rphl content of whole wheat grain is poorly

documented.
flour gquality

Iron

The iron

significant (H<

9). Frond an
difference at
followed by th
34 than 7 days

Iron cont
(Kha
h

i

varieties
obtained in t
in variety an
aside from it
particular rol
Calcium

The calc

significant (P

1

g
d
7

gnt range from 39 -

fo.ool} difference as

ever, reports in mlneral content as it affects

e numerous.

ontent of the 3 developing wheat grains showed

0.001) difference aﬁ maturity progressed (Table
Siete Cerros showefd no significant (P<0.05)

days post anthesis. No particular pattern was

three cultivars, but all showed lower values at

post anthesis.

67 (ppm) in Pakistani wheat

n and Eggom, 1976). However, +the high values

Is study could be atkributed to the diffeerence

soil availability off Iron to the plant, Iron,

role in the variouL enzyme system, plays no

of wheat grains.-ﬂq?_

i

ted in Table 10 showed

in the final product

ium content presen

maturity progressed except

.."I
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Table 9: Iron|/dontent (ppm) of 3 cultivars of developing wheat
graing.
Days post anthesis
Variety 7 14 20 30 34
Frond 125.00°¢  32,50° 202.50° 125.00¢  31.25¢
b b ab b
+0.3 +0,01 +0.6 +0.7 +0.01
Pavon 76 200.007  176.557 103.5o§ 200.007,  111.50°
+0.20 +0.75 +0.90 +0.50 +1.5
Siete cerros | [125.00,7 200.000  30.607 251.205  127.207
+0.57 +3.45 +5.73%  +8.02"P +11.48”

Results are
Figures bear;
(horizontal)
significant.

uH

c
b

A
T

e B |

<
<

0.05
0.001
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pressed as mean + standard deviation (n=3).
;7 the same superscript
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Table 10: Cilcium content (ppm) of 3 varieties of developing
W

eft grains.
Days post anthesis
Variety 7 14 20 30 34
Frond 2uzs.so§ 752.505“ esz.sog 650.00° 4oo.oo§
+3.50 +1.25 +0.01 +0.01 +0.51
Pavon 76 1350.00° 990.00° 638.50° 525.00°. 525.00°

+6.017  +3.20®  +0.50°  +0.01"® +0.02"P

Siete cerrog 14so.oo§ ?52.50;° 510.5o§ aas.aog 652.50;
+4,00 +0.10 +0.05 +0.09 +0.31

Results are akpressed as mean + standard deviation (n=3).

Figures bearing the same superscript (vertical) and subscript

(horizontal) | are significant while those with asterick are not

significant.
celp <0,
bEe|lp<O

A —
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Siete ceri

Calc
of wheat
values re

wheat wvar

P4

i
rgs which increased at Sogdays post anthesis.

\
jym content range from 2.4 - 4 (ppm) in five varieties

I
(Kartz and Querry, 196?). The outrageously high
prted in this study coul? be the reason why our local

ieties are not acceptable to bakers, since calcium

exerts sqgfftening effect on glute@, resulting in some loss of
dough quality. i
Manganese| !

The manganese content pre'anted in Table 11 showed
significan

least va
maturity.
manganesé
no repor

however,

t

(P<0.001) difference ﬁith Siete Cerros having the

lue at 7 days post anthfsis and highest value at
i

However, all varieties showed decrease in the

content as maturity progressed. There is little or
on the role manganese plays on wheat quality,

ts role in chloroplast cannot be ovder emphasised.

Therefor

attribut

progressed.

The

significant (P<0.001) difference be

all stag
days exce
days post

The
and the

gluten ¢q

uality (Pomeranz,

he decreasing trend in the manganese content could be
to the reduction in photosynthesis as maturity

I
3

"
L]

magnesium content preanted in Table 12 showed

fween the three varieties at
of maturity. However,

all varieties dacraaae@ at 14

pt Siete cerros which indreased and decreased at 20

anthesis.

re is a direct relatiunshif between magnesium content

trength of wheat as detarhind by Proein percent and

1968). It could be observed that at

some 1nk ances where total protein content decreased or

46
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increased w

decrease o

Zinc

The zij

r

i

i

th maturity, so also did the magnesium content

ncrease as the case may be.

(P<0.001) in

particular

varieties

cofactor i

will be recs

14 €te¢ 30
cCorrespaQ

anthesis.

hy

a

1

|

; S LTS

r content presented in Table 13 showed significant

all the varieties as maturity progressed. No

pattern was shown by any variety but all +the
owed a peak at 20 days post anthesias. Zinc is a

the glutamate dehydrogenase (GH) reaction, and it

led that there was increase in GH activity between

hys post anthesis which could be observed to

with the peak value of zinc at 20 days post

WX v - R
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|

content (ppm) of ! 3 cultivars of
eloping wheat grains.

.-.—..-.--.—.———.-—-.—-—a-.———

e ————

pavon 76

_________L________-_______-__-__

65.00° 58.80° 52.50° 66.20°

siete cerrod

.—.--.-.p..-.p-—-—

Results are axpressed as me

the same

v0.21  +0.01 +0.82°  #0.45

an t standard deviation (n=3)

guperscript (vertical) and subscript

signiiicant while those with asterick are not

(horizontal
significanﬁ.
c

t

|
\
|

——
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Table 12: MNagnesium content (ppm) of 3 cultivars of
develpping wheat grains.
Days post anthesis
Variety 7 14 20 30 34
Frond 1 e.cch 53.3o§ 97.00;° 115.o°b 10?.5°b
0.05 +0.06 +0.09 +0.02 +0.03
Pavon 76 13?.50; 94.002 113.2o§ 109'5°§ 123.70§
+0.90 +0.66 +0.66 +0.79 +0.01
Siete cerros L27.5og 137.00§ 96.50;° 110.00; 117.50°€
#0.06 +0.79 +0.72 +0.64%  +0.38°

Results are exp

Figures bearing
(horizontal) al
significant,
c=p
b=p

rgssed as mean + standard deviation (n=3).

-

<
<

0.001
0.001

he same superscript (vertical)
significant while those with asterick are not

e —————————

and

subscript



content (ppm) of 3 cultivars of developing wheat

Table 13: Zinc
g‘raiﬂs-
- e e e - -
Days post anthesis
Variety 7 14 20 30 34
c *c c c *c
Frond 57. 5Db 75 .OOb 45. DOb 42. 50*1} 42.50 *b
+0.05 +0.04 +0.40 +0.06 +0.10
pavon 76 75.007 63 so®  4l. soC, | se.s0p 4l 20,°
+0.01 +0.60 +1.00 +0.83 +0.92
siete cerros | | 60.20F 75 00 ¢ 44 .40¢| 48. s0f  46. 50°
+0.54 +0.90 +0.82 +0.13 +0.53
Results are expressed as mean + standard dev ation (n=3).

Figures bearirlg the same superscript (verttical) and subscript

(horizontal) are significant while those {th asterick are not
significant.

c P

P

p

r

b =

*c:

PSP S
=g =N=]
oo
g

0
0

—— ———— e =
r
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Evaluati

i
CONCLUSION

¢n of the compositibnal changes of developing

wheat cultivars, Frond, Pavan 76fand Siete cerros revealed

differece inl protein, total carbohydrate, ash and lipid

contents. ?
activity waé

composition d

Jutamate synthase and glutamate dehydrogenase
f
also observed that lall varieties showed higher
|
ywring the early stages of development. However,

Frond showed! highest centents of tétal protein, crude fibre and

|
glutamate dehydrogenase activity and the least moisture and

carbohydrate
qualities for
Greater

period to 4

|
¢ontents at maturity.| Frond seem to show the best

improvement.

number of cultivars, | extension of final harvest

D days post anthesils, the effect of genetic

component varjiability and <the environmental effect on

the wvarious| i

could be sugg

parameters have to be| studied before any variety

ested for improvement.
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}APPENDII I: PRINCIPLE !
i
ATOMIC ABSORPTI SPECTROPHOTOMETRY

In this tecthnique a sample is aspirated into a flame and

|

atomised. A light beam is dirqcﬁed through the flame into a

monochrometer into a datectorfthat measures the amount of

|

light absorbe Absorption is ﬁore sensitive because it

} depends upon

usual flame, t

presence of fre? unexcited atoms. 1In the
ratio of unaxcit?d to the excited atoms at a
given moment is| very high, Because each metallic element has
its own characferistic absorpt{on wavelength, a source light
composed of t element is emplloyed which makes the method
free of spectral or radiation intlerferences. Thus, the amount
' absorbed in flame is proportional to the concentration of
the element in|the sample.
To dete ne the concentration of a particular metal in an

unknown sample, a calibration curve of concentration versus

absorbance /ijs usually prepared, using standard solution

prepared from|the stock solution.

METHOD !

X
Coppar. as determined at 324.75nm with a maximum lamp
current of slit setting of 0.%5 ~ 0.20mm. The flame system
was alr-acetylene. The concentraiions of copper in the sample
solutions e read off from the ¢alibration curve plotted from

the readings/ of the standard solutions.

CALCULATIO

The mekthod employed 1is thaJ of the American Water Works

)
L



[
i
{
\
|
Association, American Public Heplth Association and Water

Pollution Control Federation (198?).
{
|

Metal Concentration (ppm) = A x'B
C|

Where: A = Concentration of metal in digested solutions,
(ppm) OR Graphical Reading.

B = Final volume of digested solution (ml) and
¢ = Sample size (gm).E
IRON i
Iron was determined at 246.33nm with maximum lamp current
of 15mA and slit setting of 0.10 1 0.15mm of iron in the sample
i

solution were off from the califration curve plotted from

readings of the standard solutionj.

Calculation

As for copper.

ZINC

Zinc was estimated at Zlagnﬁ with a maximum lamp current
of 10mA and slit setting of 0.10}- 0.15mm. The flame system
was air-acetylene, the concentrjtion of zinc in the sample
solutions were read off from the calibration curve plotted from

the readings of the standard solutions.
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