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PREFACE

As staved in the terms of my appointment, I shall be
upgraded to the status of & Rescarch Officer af'ter serving a
one year trial period at the Institute, depending on a favourable
report by the O0fficcr-In-Charge.

On oy assumption of duty on 1st September, 1975, I was
advised by Mr. K.K. Eyeson, as the Head of the Chemistry, Microbio-
logy and Nutrition Division, to undertake the biochemical aspects
of a project on the "Maize lMalting and Brewing Studies", This
allowed Miss Mary Halm, Rescarch Officer (Microbiology) who was
the initiator of the project, to concentrate on the microbiological

aspects.

Lttached is a report on the project -~ "Maize Halting for
Optimum Diastatic Activity and Riboflavin Development" -~ which was
designed in September 1975 to cover the one year period. The
project covers an investigation into the traditional process of
mize malt beverage production in Ghana, analysis of traditional
maize malt samples, determination of the biochemical changes during
maize malting and the effect of the malting conditions, and finding
the optimum parameters for maize malting to give high diastatic

activity and riboflavin development in the final malt,
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SUMMARY

The traditional processés of maize malt beverage production in
Ghana were investigated and found to involve the general steps of
steeping the maize grains for about 24 hours at 28 - 30°C and
allowing germination to take place for a period of betwcen b and 7
dayse The resulting malt is sun~dried, milled and cooked to obtain the
mlt extract beverage. Although the malting procedure followed could
effect considerable biochemical changes in the grains leading to the
development of riboflavin and high diastatic power, analysis of the
intermediate and final products showed that lack of proper attention
during the germination period resulted in only a minimum degree of
development of these components., The highest level of riboflavin
recorded for the traditional malt was only 2.1 ng/g and the diastatic

.. o
activity was 30,9°.

An investigation was also carried out into the general changes
occuring during maize malting and the factors affecting the proper
development of riboflavin and diastatic actdivity. Biochemical changes
during steeping and germination were found to include the production
of various hydrolytic enzyges which catalyse metabolic activities
to effect changes in the proximate composition of the grains, The
most profound changes during germination occured in thé carbohydrates
in which a progressive decrease in the starch content with a correspond-
ing increase in the sugars was observed. There was also a considerable

development of riboflavin and diastatic activity.



Summary (Contd.)

Malting temperature, moisture and period of germination
were found to be the main factors affecting proper developments
of riboflavin and diastatic power. Optimum development was
obtained in grains socaked for 24 hours and allowed to germinate
for a period of 4 - 5 days at 28 - 30°C with a constant
daily sprinkling of water. Analysis of meize malt produced
by this procedure showed a four-fold riboflavin fevelopment
(from 142 to 48 ug/g on Dry weight Basis) and an increase

of diastatic power from 12.k4 to 5he7°.
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1+ INTRODUCTION

In the traditional societies of Ghana, as well as most African
countries, use is made of the indigernous cereals available in the produc-
tion of not only the main diets of the people but also cereal beverages
usually served at certain traditional ceremonies such as outb=doorings and
funerals, The itype of cereal used and the method of processing differ
fron place to place depending on the availability of materials and the
food habits of the people,

Schwartz (1956) has described the brewing process for a traditional
Bantu drink called Kaffir beer, This is prepared {rom ground malted and
unmalted sorghum by lactic acid fermentation followed by alcoholic fermen=-
tation, In an introductory remarks in his studies on Kaffir beer Van der
walt (1956) also mentioned examples such as merissa fron Sudan, Bouza
fron Ethiopia and Pombe from East ATlrica., Apart from the extensive use
of maize in the Southern part of Ghana for the preparation of some staple
diets such as "kenkey" and "Banku" a non-alcoliolic cereal beverage is also

produced from maize grains,.

This beverage, knowm as "Nmada" (in the Grater Accra Region by the
Ga-Adengmes ), "ihei" (in the Centrel and Western Recgions by the Fantis),
or "Liha" (in thc Volta Rcogion by the Ewes), has been an age-old cereal
drink, the method of production of which has bcen passed on from genera-

tion to generation,

It was found that the main processing steps employed arc similar
to those used on Commercial scale for the preparation of other cercal
beverageséas beer and malt extracts. When concentrated to some degree,
the nalted maize beverage has the taste and aroma like those of other
malt-extracts produced from imported barley nalts and which are widely
consunied in the country. Although the maize malt beverago is not drank
for any other value apart from its refreshing and organoleptic properties,
nevertheless, it has a very inportant nutritional value, as a source of
vitanin B, especially riboflavin, in addition to its calorific contribu-

tion to the diet.



According to Goldberg and Thorp (1946) African cercals usually
provide adequate amounts of thiamine but the riboflavin and nicotinic
acid deficiencies are widesprcad. Whitby's nutritional s¥rvey (1968)
also indicated & widespread deficiency of riboflavin in the Ghanaian diete
The nutritional significance of +this beverage as a supplement is there=-
fore aparent considering the fact that the biochenical changes that occur
in the course of its production endow it vwith a high riboflavin content
as well as other components vhich are of both nutritional and industrial

intereste

Malting is onc of the nost inportant processing stages in the
production of maize malt beverage, and the final quality of the product
depends to a large extent on this processe Practically no work has so
far been done on malted local cereals and their products in Ghana, The
only attenpt at the Food Science Departiuent Legon (1975) provides only
the fundamental guildelines on which meaningful rescarch could be based,
Literature on any detailed work to elucidate the blochemical processes
that interast at the various stages of the traditional process to produce
the nutritional components as well as organoleptic properties of +the
final procuct is lackinge The literature rcview for a fundamental
appraisal of the subject under study is thereforec based mainly on work

done clsevhere on related aspects with sinilar materials.

Malting brings about some biochenmical changes in cereals, and
such nodifications of the grain make it possible to utilize the compo=-
nents as good nutritional supplenent or for industrial purposes. In
general the melting process involves steeping the grains to revitalise
then and allowing then to gerninate for a period of timé within which
the acrospire grows to a specified length, By this timé, the morpholo=-
gical, histological and various netabolic clhanges associated with
geroination night have occured Lo give the desired couoponents in the

grain.



Evidence of riboflavin production during germination of cereal
grains has been reported by various workers. In 1943 Cheldelin and
Lane (1943) showed that gernination for 36 = 48 hours in the light
resulted in considerable production of riboflavin in black-eyed peas
and in lira beans, Buckholder (1943) also worked on a number of different
species of seeds and found that the riboflavin levels in oats, wheat,
barley and corn increased forteen, four, eight and four +times respectively
when they are germinated for 5 - 6 days. The findings of other workers
like Klatzin et al (1949); Petit (1950); Wai et al (1947); . al
Nendi and Baneijee (1950);iBuckholder and M%Veigh (1942); Raut and Chitre
(1961); all showed similar situations in nost sprouting seedlings.
Gustafson (1950), " .. cdaw, showed that the rate of biosynthesis is
affected by certain physical conditions like tenperature.

-

Other biochemical changes occuring during maiting include the
.formation of various enzymes such as proteinases and peptidases,
phosphatases, maltase and oxidases. These effect a large number of
hydrolytic processes leading to the production of desirable components
in the grain. The absorption of moisture during steeping sets off life

processes culininating in the production of these enzynes,

One of these enzgymes, the amylases, according to Jean de Clerck
(1957) are mainly foruned in the scutellun but smell amounts occur in the
endosperin and aleurone layer. Beta=argylose which attacks the arylase
frection of starch to give beta-maltose and small portions of dextrin,
is knowm to be present in raw barley closely bound up with the albunen
fraction of the grain and it is only by the activity of :proteo]ytic
enzynes during gernination that causes its liberation. The other arylase,
alpha=-arylase, if formed during germination and hydrolyses the arylopectin
portion of the starch granule to give alpha-maltose and large portion
of dextrin, Novellie (1962) working on the nalting conditions on the
diastatic povers in Kaffircorn (Sorghun) nmalt found that for optirun
developuent of diastatic power in Kaffircorn, high temperatures (25 = BOOC)

and high moisture content are needel during germinations
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These are the changes envisaged to occur in the m2ize grain

during malting for the production of the traditional maize malt beverage

which derivef its nutritional benefits from the results of +these
biochemical changes. Contrary to this expectation, the traditionally
brewed maize malt beverage lacks the characteristic organoleptic and
nutritional propertie&, associated with the beverage, consequently

failing to attract consumer acceptability in preference to the other

available refreshing beveragess These properties are obtained only

through proper malting and brewing.

The aims of this study are therefore:-

(1) To investigate the various traditional methods of maize malt
beverage production in Ghana, and

(2)  to deterwine the factors that influence the development of
riboflavin and diastatic activity during malting and thereby

establish a maize malting procedure similar to the traditional

process to produce maize malt with high levels of these componentse

This will not only help to reduce cost of production and raise
the nutritional content of the final product for the benefit of the
traditional producer but will also standardize conditions of malting

as a unique industrial opportunity for the local enterpreneur.

A outline of the method of research undertaken in persuance of

the aims and obJjectives is as follows:

(1)  Locating production areas, and investigating traditicnal
nmethods of maize malt beverage production in Ghana; and
analysis of intermediate and final prodattse to assess
their general quality in relation to the local conditions
of productione

(2) A laboratory study of meize malting, following the
traditional process, to determine the general biochemical

changes occuring during malting,




(3) 4 study of the maize malting process under varying
conditions to deternine the effect of certain physical
factors on the riboflavin development and diastatic

gctivity of +the final malt.

By MATERIALS AID METHODS

MATERTALS

For all trial malting studies, a local variety of corn, which is
quite small in size was used, This corn, purchased from the local markets,
was acclaimed the best variety for the maize beverage production by most
of the traditional brewers because of its germinating properties. It
has a proximate composition as follows:- Moisture = 12¢5%;
Protein = 1041%; Fat = L¢3%; Ash = 1.4%; Fibre = 1.1% and Starch

79« Dou A11 the values, except moisture, are on Dry weight Basis,

i1l reagents used for chemical analysis were "Analar" grade
suppliaf by the British Drug Houses (BDH) Chemicals Ltd., Poole England,
A size 8 inchs Leboratory Hammer IMill supplied by Christy & Norris Ltd.,
Chelmsford was used for all milling purposes in this studye.

METHODS _
(a) Determination of Traditional lMethods of Maize Malt Beverage Production

Working through friends, relatives, school teachers and other
well knowm personalities in the principle towms and villages in the
Southern Sectors of the Volta, Greater Accra, Central and;Westex'n Regions
of Ghana, areas of production were locateds To win the confidence of
the producers some rapport was established in the first place through the
help of people who are well known to theme Appointments were booked
for discussions on the individual methods of productiones It took not
less than three separatec visits each before the actual processes could be
esteblished.s Oubsequent visits were organised to follow up the process
for a practical appraisal and to purchase samples of the malt and final

products for analysis,
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Their problemns were discussed, and on the spot suggestions were
nade for solutions to some of them, Appendix {1 shows & questionnaire

which was followed as imuch as possible in all the intervievws.

(B) Deternination of Paranecters Affecting the Quelity of the Malt

A sanple nalting was first undertaken in the laboratory with the
caneral traditional procedure to determine the general changes that occur
during malting. This was repeated under varying conditions to determine
the effcct of steep +temperature, duration of steeping, moisture, malting
temperaturc, duration of germination, and drying temperature on the
riboflavin development and diastatic activity of the malt as indices of

vitanin biosynthesis and enzyne proluction respectivelye

(1) To dectermine the general changes occuring during melting
selected maize grains were washed thoroughly and steeped
in water for 24 hours at 28 - BOOC. The soaked grains were then
removed and spread on a filter paper on a perforated metal
plate and covered with polythene sheets to prevent excessive
noisture loss. They were sprinkled with water twice daily
and sanples taken each day for proximate analysis as well as
riboflavin and diastatic activity determinationse The results

werce analysed to follow the biochemical changes during maltinge

(ii) The effcct of duration and temperature of steeping on the
subscquent development of diastatic power and riboflavin was
determined by following a similare procedure as outlined above,
In this case however, the sample of the maize grains was
divided into three sets which were steeped at 20°C, 28°C and
37°C respectively, Samples fron each set were taken after

four, twelve and twenty-four hours of steepinge
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These were germinated as above at 28 = 30 C for a period of time and

analysed for diastatic activity and riboflavin contents

(1i1)

(iv)

(v)

(vi)

To obtain the effect of the interaction of stocep = & germination
tenpercture of naize on the quality of the final malt, sanples
of the grains irere steeped at three different tenperatures -

20°C, 28°C and 37°C for 2k hours. Each set was then divided into
three and germinated at 2OOC, 28°C ana 3700 respectively for six
days. Samples for 3rd, 4th, 5th and 6th days of germination were

analysed for t heir diastatic power and riboflavin content,

The third paraneter examined was the effect of the mmlting
temperature, The procedure in (i) above was followed but in
this case various samples of the same variety of maize were
malted at temperatures ranging fron 20°C to 3700. For each
temperature of malting the developnents of diastatic power and
riboflavin were followed in the course of geridnation by taking

daily sanples for analysis,

To ascertain the effect of noisture on the quality of the final
mlt, three parallel meltings were carried out at low medium and
high noisture levels, For the medium moisture level sanple,
watering after the initial 24 hours' steeping was done speringly
while the high moisture level sample had the normal twice~daily
sprinklinge. The low moisture level sample had no watering during
gerninations Steeping and gernination were carried out at

28 - 30°C.

Industrial use of malted maize for the production bf beverages

will require artificial dryinge This requirenent necessitates an
investigation into the effect of drying temperature on the quality
of the malte A number of sanples rrlted by the procedure described
in (i) were dried at different tenperatures ranging from ordinary
sun drying to oven drying between 3500 to 80°C. Each sanple was then
ground and analysed to obtain the effect of the drying conditions on

the enzyre activity and vitanin content of the malte
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C) Preparation of Samnples for Analysis

All wet samples collecied for analysis were first air-dried to
a noisture level below 12 per cent and milled in a size 8 inch. Leboratory
Hammer Mill,

D) General Analytical liethods

The nethods used for nost of the determinations are given by the
Anerican Association of Gereal Chemists (4LACC) (1962) and the Association
of Official Agricultural Cherists (A.0.4.C)(1970)s  The references for

these and others are given against each method.

(i) Determination of Moisture

Since most of the samples had noisture levels above
13% and the incidence of noisture loss during milling is
quite significant, the modified 2 stage air oven method of
noisture determination was usede This involves first
drying on top of an oven to obtain initial moisture loss,
milling the sanples and oven drying at 10500 to obtain the
final moisture 108s (4sAsC.C.) (1969)e The total moisture
content is calculated as follows:i=

T = A , M
100
where, A = % Moisture lost in air drying
B = % Moisture in air dried sample as

deternined by Oven dryinge.

and T = % total noisture,



(i1)

(111)

(iv)

-g -

Deternination of Crude Protein

The neasurenent of total mitrogen was the basis for the
estination of protein content on the assunption that all the
nitrogen in a sanple is present in the forn of protein. The
greatest disadvantage here is that the method used for nitrogen
content is semsitive to non=-protein nitrogen containing materials
such as nucleic acids, free anino acids etcs This non=protein
portion, however, constitutes a snall fraction of the « total
nitrogens The error introduced is {herefore considered insigni=-
ficante

The total nitrogen (N) was determined on about 2g sanple
by macro-kjeldahl nethod and percentage protein calculated as
(N % 6425)s  (4eheCaCae 46 = 12) (1962).

Deternination of Ash Content

The sanples were ashed at a tenperature of about 550°C in
an clcotric muffle furnace. Silica dishes which have been ignited,
cooled in a desicator and weighed were used. The residue
remaining after 2 hours' incineration was determined as ash
(LeseCuCe 08=01) (1962)

Determination of Crude Fat
The Crude fat was extracted fron the samples in a soxhlet

extraction unit with petroleun ether (BsPte 40 = 60°C) for about

five hours (4.A.C.C) (1962). Accurately weighed samples of

about 2,0g were usede

Crude Fibre Deternination

An accurately weighed saunple was digested under standardized
conditions with petroleum spirityboiling dilute HZSO s NaOH,
dilute HC1, alcohol & ether, The Crude fibre content was
estinated in terms of the loss on ignition of the dried residue
remaining after the digestions  (40AC 7.053) (1970).



(vi) Total solid deternination

Total solids were deternined by evaporatdng a known volune
of the liquid sanple in a tared silica dish on a w&ter bath. The
weight of solids left after drying was taken as the total s lids
content of the samples (A0AC 22,013) (1970)

(vii) Soluble Solids deternination

The refroctoneter readin,. of the sample wos taken and
tenperature corrections made to correspond to reading at 20°C
(40AC 22,019) (1970) The % soluble solids was calculated as %
solids deternined by refractoneter (100-b)/100 where b = % H,0 inso=
luble solids,

(viii) Determination of total and reducing sugars

For the determination of total and reducing sugars, the
Lane and Eynon's method as described by Pearson (1970) was carried
out before and after inversion. The method involves a determination
of the volume of sugar solution required .to reduce completely 10nl.
nixed Fehlings solution using nethylene blue as the redox indicator
for assessing the end point, To obtain the anount of invert sugars
after inversion, the determination was carried out on a sample
hydrolysed with 6434} HCLe The total sugars was calculated as
(D4 + S) where.S = 0,95 x (D2 = Dy) and Dg & Dé are invert

sugars before and after inversion respectivelyes

(31) Determination of Starch

The Lintners method of starch determination (Pearson, 1970)
was usede This nethod involves acid dispersion of the starch followed
by its polarinetric estinatione About Hg sample were hydrolysed ti th
hydrochloric acid and the proteins present were precipitated with
5% phosphotungetic acid solution. The nixture was shaken, filtered
and the optical rotation of the filtrate observed in a 200 rm tubes
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The anount of starch was ccloulated using the formle % starch

= 4000aq,
ib
Vhere o = the observed optical rotation
1 = the length of the polorisation in decinecters
and D = the specific Rotary Powver of the storche.

() Determinction of Riboflavin

The fluoronetric nethod of riboflovin estirction was usede

The totel riboflavin as nmecsured in this nethod covers the sun

totel of nutritionally active flovin FoM.Ne (Flavin Mono Nucleotide),
FAD (Flovin Adenin Dinucleotide) and free riboflavine Riboflavin
Flouresces in light of wave length 440 to 500mii, The intensity of
fluorescence is proportional to the concentration of riboflavin in
dilute solutions, This is the principle bechind the nethod of
estimntione, EEImination of interference from other biological nmaterials
that fluoresce sinilarly is acconplished by neasuring the differentse
before and after a chenical reduction of the riboflavin by hydrosul-
phites The sample is earlier incubated overnight at 5800 in
Trichloroacetic acid (20% TCA) to hydrolyse all FAD to measurable
Fl¥N. The procedure given by Bessey et 2l (1949) was followeds

(xi) Determination of Diastatic Power in Malt Sanples

The procedure for diastatic power determination as described
in the 0fficial nethods of Analysis of the association of 0fficial
hgricultural Che:ists (4e0.i.C. 10.099) (1970) was useds The nethod
involves extracting a ground sanple of the malt with 0,%5% NaOl
solution at 2000, digesting & starch solution with a diluted sanple
fron the filtered infusion for a period of time and determining the
reducing power of the digested sample by the ferricyanide nodifica-
tione A blank determination was carried out to correct for

reducing power not due to the activity of t he nalt aiylase,
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3. RESULTS AND DISCUSSIONS

e

THE TRADITIONAL MEITIODS OF IMAIZE IiaLT BEVERAGE PRODUCTION

The use of maize in +the production of cereal beverages is
concentrated in the Southern part of Ghanae TIrowm the findings of the
survey and other available evidence, it is only the Ga Adangme, Ewe
and Fanti ethnic greups living along the coastal areas of the country
which indulge in the production of +the beveragee This has always been
on & small scale and it is mainly <the women folk who take up the trade
in addition to their normel household duties as well as some olther
full time trades In almost all cases the production of the beverage
was inherited from a great grand mother, through the grandmother and

mothers,

The following paragraphs give a detailed description of the

different methods used in the various arcas.

The main processing steps of malting, mashing, and boiling
are essential steps gone through by all producers contacted in the four
regions, However, the detalled technology of each step differ from
one producer to another, The difference gap becomes wider when the

producers belong to separate ethnic groups.

In addition to these differences, it was observed that the
group of producers helonging to the younger generation use simpler
forms of the mcthods employed by their older comnterparts. The
simpler methods, incidentally, give poor gquality products as far as
results of sensory evaluation and consumer preference tests organised
in the field are concerened, This shows thiat the time -~ consuming
process used by the older producers has its own merits as regards the
quality of the final producte Their process, it was learnt, is mnore

representative of The one used by ths original producerse
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The various nethods obtained from this survey are therefore
presented such that there is one representative procedure in each particular

area for:
(2) The complicated process used by the older producerss
and (b) The simpler process,

The methods are as follows:—

Te GREATER LACCRA REGION

(A) ACCRA AND SURROUNDING AREAS

METHOD

e lting:

Selccted washed maize grains are steeped for exactly 24 hours
in good drinking water after which time they are removed and spread on
a cenent floor to germinate. 4 soaked sack is placed over the grains
to prevent surficc dessicatione To ensure availability of moisture to
the grains during germination, water is sprinkled on them each morning,

his is carried out for 4=5 days. At this time the acreospire is about

6ent in lengthe
Germination is followed by sun-drying on alluminium roofing
sheets or any similer material for 3 days #fter which time the melt is

thoroughly dricde The dried malt is stored and used when required.

Grinding, Mashing and Boiling
——

The dried malted grains are milled codbely in a disc avtrition
mill and vhe flour obtained is mixed with cold water to form a thin slurxys.
Salt is added and boiled for a long period of time with constant stirring.
The precipitate is alloved to scttle, The liquid portion is decanted and
cooked againe Sugar and caranelized sugar are added as sweetening and
colouring agents respectively,. This product is knowm as Nnmadaa (Ga)e
The precipitate is the by=product which is also cookede It is knowm as Yolo

(Ga)e The shelf-life is normlly ) dayse
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FLOW DIAGR/I! FOR "NIIAD/." PRODUCTION IN THE LCCRA DISTRICT

METHOD (L) LETHOD (B)

DRY MALZE
<
STEEPTIG (24 Hrs)

«/

GERMINATION (4=5 Days)
¥

GREEN KLLT
v

SUN-DRYING (2-3 Days)

¥
MILLING (COLRSE)

¥
SALT COLD TATER ——= MNASHING | SUG4R, SALT &
e — N\ .—  COLOURING
= porrme (3 Hrs) ' BOILIIG (3 Hrs)
b
SETTLING (45 lins) SETTLING (45 Mins)
\ 4
SUGAR & DECANTING DECANTING
COLOURIIG 1 |
i [ b 1
SUPERNAT/NT SEDIMENT SUPERNATANT SEDIMENT
BOILING (2 Hrs)  { YOLD| [ midan | | voro ]

NIIADAL
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lalting:

This processing step is similar to the one described in (a) above,

Grinding, Mashing and Boiling

The melt is milled and a thin slurry prepared by mixing the malt
flour with cold water and the vhole mash is boiled for about 3 hours with
constent stirring to avoid boiling over. Caracmelized sugar, salt and
sugar are added. It is then allowed to settle and the supernatant
decanted as Npmada, and the precipitate left as the by-product, Yoloe

Shelf life is 2 to 3 dayse.

(3) ADi 42D SURROUNDIIG LRELS

METIOD (&)

Maltings

The first operation is winnowing to renove light contaninants,
The selected grains are then washed and s+teeped for 24=36 hours depending
on the hardness of the grainse They are then spread evenly on sand,
vatered and covered with paln branches, They are sprinkled with water
3 tines daily for 3=4 days after which they are uprocted and sun=~dirieds
Then follows a process which develops colour in the malt (a browming
process). This involves svoring the dricd malt in basket; covering it
with thick sacks and loading the vhole thing with heavy stones. This
set up apparently generates moist heat to accelprate browning reactions,
This is carried out for 3 days and the process repecated once nwore for a
daye The browmed malted grains are then thoroughly dried and stored

in basket for at least six days before use.
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Grinding, Mashing and Boiling
£

& ndxture of aged malt and freshly dried melt is milled

coarsely and sieved. The flour and the chaff are mixed separately
with ccld water and kept in pots to stand for some few hours,.

The chaff mixture is boiled with continuous stirring while adding
the flour slurry in smell amounts at & time. By this time the whole

nesh is completely browm in cclour,

Cooking is continued for 8 =~ 10 hours after vhich time the
caoked nmash is kept in pots till the following day when it is boiled
again and sieved to remove the chaff wvhich is discarded. The filtrate
(known as Noadaa) is normally expected to be browm othervise a small
anount of caramelized sugar or roasked flour is added to intensify the
colour., OSugar is added to taste only ivhen it is about to be consuned.
No salt is added.

Shelf=-life is over 10 days without sugar and L - 5 days

with sugare.
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FLOV DIAGRALI FOR THE PRODUCTION OF "NLADuA'™ TIT TME ADhA DISTRICT

UETHOD (h) METHOD. (B)
DRY GRAINS DRY CRLINS
b /
WIINOY H_ITG % TASHING STEEPLIG (24 Hrs)
v
STEEPEG (24=36 hrs) GERMINATTIG (4 Days)
¥ (ON WET SAND)
GERLIIIATING (3=4 Days) v
(ON WET SAND) GREEN MALT
¥ v
GREEN MALT SUN-DRY ING
DRY TG KILING (COARSE)
v COLD

18T BB.?VJTI]IGG PROCESS (3Days) " LTER MASHING

¥
DRY NG BOILING (3 Hrs)
¥
2nd BROWNING PROCESS(1 Day) STORIL\;G (OVER NIGHT)
v
DRYING BOIL]IG (1 hr.)
v y
IILLING (COLRSE) SIEVING
v et T T
SIEVING FILIRATE PRECIPITATE
i , . ! {
PLOUR —> PART ROLSTED CHLFF : :
(BROVIVED ) * v S:/JG*‘R )
COLD y b |_MLDah | DISCZRDED
WATER  MASHING MASHING
v RES%]]\IG (6 Hrs)
RE?'I‘]I\TG (6Hrs. ) BOILDTG(8-1O hrs)
v
DECANTING rd SJ.ORZII G (OVER NIGHT)
’ | BOILING (1 Hr.)
! ! V. ¥
CHLFF BROWN - STTHE
DISCLRDED SUPERNATANT P
: r
FIL’IRA’“E PRECIPITLTE
SUG% _ml DISCARDED
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METHOD (B)

This second procedure enployed mainly by the younger producers
in the Lda district is similar to nmethod (a) described for the Lccre
districte In this case, however, there is no addition of salt and
also the sieving im done after the second boiling to get rid of the
chaff, The filtrate is Nmadaa. Sugar is added only when ready for
drinking.

Shelf-life is 5 days without sugar and only 3= days when

it contains sugare.

II VOLL. REGION (SOUTHERN PLRT)
(L) KET. LID SURROUDING LRELS

Method (4)

llaltings

Raw grains are steeped for 24 hours after winnowing and thorough
washings The grains are spread on sand, watered and left to gerrinate

for 4=5 days with daily watering. They are then dried thoroughly.

Then follows a browning process similar to what obtains in the
Ade district method (a)e The dried nalt grains are packed in sacks
and heavily loaded with stones for sone dayse. The aged malt is then
mixed with some freshly dried samples and coarscly ground in a disc

attrition mill,

Mashing and Cooking

The palt flour is mashed with cold water and allowed to settle
after which the supernatant is decanted off and added in small smounts
at a time to the sediment while boiling, Boiling is continued for
about 3 hours and the bLoiled wmash allowed to cool. It is then decanted
and the liquid portion collected and sweetened with sugare. Sone
caeramelized sugar is also added to intensifly the colour of the beverage.
This is known as Liha (Ewe)es The sediment is used as poultry feed.

No salt is addeds

Shelf-life of the beverage is 3 = L dayse
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FLOWT DI.GR:} FOR THE PRODUCTION OF "LIHL" IN THE KET. AREL

METHOD (4) 1EETHOD (B)
DRY NAIZE GRAINS DRY li.IZE GRAINS
v
WINNOWING & T.SHING STEEPING (24 Hrs)
v v
STEEPING (2L Hrs) GERMINATING (4 Days)
GERMINLTING (4-5 Days) WASHING & DRYING
v
GREEN MALT
DRYING MILLING
BROWNIING PROCESS (3 Days)
*
GREEN M/IT->NIXING & MILLING
\\> 1ASHING, SETTLING & DECLANTING
|
f k
SUPERNATLNT  SEDIMENT
L
BOILING (3 Hrs)
COOLING, SETTLING &
DECANTING
STEETENING & r L P
BROWNING ——> SUPERNLTANT SEDINENT

BOILING (2 Hrs) ANTMAIL, FEED

| i |
R
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liethod (b)

Raw grains are steeped for 24 hours and floor malted for four
days while sprinkled with water each norninge They are then dried
thoroughly after washing. They are then stored and milled when required.
The malt fiour is nashed with cold water and allowved to settle. The
nixture 1s then decanted and the sediment boiled and mixed with the

supernatent while still boiling,

Lfter about 3 hours! boiling, it is cooled and allowed to settlee
It is again decanted and the supernatant cooked as "Lihe® Sugar and
caramelized sugar are added. DNo salt is added. The sedinment is used

for poultry feed.

Shelf-life of the beverage is 2 = 3 days.

(B) SOGLKOPE .iliD SURROUNDING LRELS

There is only one processing procedure comzon in this area.

Malting:

Raw naize grains are steeped for two to three days depending on the
hardness of the grains. They are then packed in baskels and sprinkled with
water three tiies daily for four to six days after which period of‘tine
gernination night have taken places. The geriinated grains are thoroughly
dried,

Grinding, Mashing and Boiling:

The dried nalt is nilled coarsely and nashed with cold water. This
nash is left to rest for three days after which it is cooked for about
three hours and sieved to separate the chaff from the liquid portion.
This is diluted with more water, sweetened with suzar and coloured with

caranelized sugare The chaff is discarded., No salt is added.
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FL1OJ DIiGRLI FOR THE PRODUCTION OF "LIHL" I THE SOGLKOPE LRE.

DRY GIL.INS
!
STEEPING ( 2-3 Days)

R
GERMINLTING (4-6 Days)
(17 BLSKET)

v
GREEN MALT
sminmmf;
,l.
MILLING
|
2
COLD VATER smrwr——m———> MLSHING

v

LLGERIG (3 Days)
Al

BOILING (3 hrs)

1\
SIEVIG
| o
{ !
SUPERNLTLINT SEDIIENT
v v
TULTER DILUTING DISCLRDED

b L
SUEETENT'G & COLOURIING

|_Lm |
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CENTRAL REBION

(4)  GLPE COLST iREL

The two methods employed in this area are not very different fron

each others. The only difference is that one involves a two stage
nalting process = box (or basket) malting for 3 days followed by another
% dey pericd of floor malting,, as against the other simpler method which
involves a single stage box malting for three to four dayse The

subsequent processes are all guite sinilar,
Method

Nalting:

Selected raw maize grains are steeped in water for 24 hours., The
steeped grains are packed in boxes or baskets and covered with wet sacks
to gerninate for three to four days while sprinkled deily with water.

In the other nethod, after this sta;e, they are removed and spread on
polythene sheets on the floor and covered with nore polythere naterials

for another malting period of three dayse

The germinated grains are then sun-dried thoroughly and stored

for use,

Grinding, Mashing and Boiling

The dried malt is milled after washing. The malt flour obtained
is mashed with cold water to forii a thin slurry and boiled for about
three hours with constant stirring. The boiled mash is cooled and sieved
serially. The precipitzte is washed, sieved and the filtrate added to

the first one.

This is boiled for several hourse, It is then stored till the next

day when sugar, salt and caraielized sugar are added and boiled again,
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FLOY DIL.GR.M FOR TUE PRODUCTION OF ".HEL" IN THE
CabE GOLST Ltk

DRY GRAINS
TINNOWING

¥
STEEPING (24 Hrs)

GERMINLTING (3=4 Days) ——s FURTHER

(IN BOXES) -~ GERMINALTING(3 Days on
“‘ / floor)
GREEN MLLT

\
SUN DRYING
v
MILLl}/qG
MASHING & BOILING (3 Hrs)

COOLING & SIEVING

}
PRECIPITLTE 7 FILIRLTE
& J_/
WLSHING BOILING (4 Hrs.)
v / v
SIEVIN / LLRGERING (1 Day)
r ' T "
CHLFF FILIRLTE STEETENING & COLOURING
’ ¥
v ;
DISC.RDED BOILING (45 lMinse)

COOLING & DECANTING
|

SEDTMENT . SUPERNATANT
L e
| LHEL |

| e | | |
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The beverage thus obtained is decanted to remove the supermatant
: which is the "ihei" (Fanti) from the thicker by-product knowmn as "Tue™
(Fanti)o
A Shelf-life is 4 to 5 days.

(B) ELIIU. iRFA

There is only one method common in this area which is acclaired

the nain Lheil production cenvure in the whole Bentral Regione.

Malting:

Raw maize grains are steeped for 24 hours and spread on the floor
covered with polythene malerials for seven days without any watering.
— The rootlets are disentanglcd and packed in baskets and left to dry as such

for about five days.

Mashing, and Boiling:

The dry malt is milled in a disc attrition nmill to obtain the flour
which is mashed with cold water in a large drun and allowed to settle.
The supernatant is decanted and added in portions to the dediment while
boiling the latder and stirring constantlye Boiling is continued for
about three hours after vhich tine the boiled mash is:éllowed to setvtle
and decanted. The supernatant thus obtained is cooked as Ahel with
salt and sugar added to taktes

The sedinent is sieved to get rid of the chaff and the thick

filtrate is cooked as "Tue" the by-product.

. Shelf-life is about four days.
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FLOW DIAGRLM FOR THE PRODUCTION OF "LHEI" IN THE ELUGINU LREA

DRY GRAINS
4

STEEPING (24 Hrss )
&

GERMINATING (7 Days)
P

GREEN MLLT

¥
RYING IN BLSKETS ( 5 Days)

¥
MILLING
COLD WATER ———— MaSHING
SETTLING & DECLINTING
t
i [
SEDTMENT . SUPERNLTANT

BOILING (3 Hrs.) <~
|

coom;:c & DECLNTING

| i
SUPERNATANT SEDIMENT
v }
BOILING (2 Hrse) SIEVINEG
¥ |
SVEETENING & R |
SLLTING CHLFF THICK FILTRATE

v
DISCARDED BOILING (2 Hrs,.)

3
- R 2
AHET | | TUE |




LESTERI _ REGION

(4) SEKONDI LREL

The two nethods employed in this area are both quite involved and

one particular procedure is not peculiar to a particular generation.

Method (a)
Selected grains are steeped for 24 hours after winnowing. They are
then spread on the floor and covered with polythene materials. Lfter
three days, they are sprinkled with water and left for germination to
continue for a further period of four days. The gerninated grains are
packed in baskets for three days before sun-dryinge 4«fter drying the

pmalt is ready for use.

Grinding, Mashing and Boiling:

The nalted grains are milled and nashed with cold water to form
a thin slurry which is left to settle. The supernatant is decanted off the
sedinent which is boiled while adding the supernatent in small portions

at 2 time. Boiling is continued with constant stirring for about two hours,

The boiled rash is allowed to cool after which it is sieved serially
to get rid of the chaff which is washed to get maxinun separation of the
nalt extract fron the chaffe. The combined filtrate is boiled ageain for

several hours and allowed to settle overnighte.

The supernatant is decanted and cooked with sugar and salt added
to testes This is the "ihei™, The sedinent left after decanting is also

boiled to wive "Tue" which is thicker in consistency than the ®fhei"

Shelf=life of this product is about four days.
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Method (b)

Malting:

Dry maize grains are steeped for 24 hours and spread on polythene
bags and covered to prevent excessive moisture loss, They are sprinkled
with water daily for five days, after which period the gerrinated grains

are sun-dried thoroughlye

Grinding, Mashing and poiling

The dried malted grains are milled and made into a thick smooth
paste which is poured into boiling water and mixed well by vigorous
stirringe The resulting thin slurry is alloved to settle and cool
gradually after addition of caramelized sugare The supermatent is
decanted off and boiled vhile removing small portions at a time into
ancther container, Sugar and salt are added to this and cooked againe
This is the "ghei"™ o The sedinent is sieved to remove the chaff, and

the thick filtrate obtained is cooked as the by=-product "Tue',

Shelf-lifeo is three days.
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FLOW DLiGRAIT FOR "LHEI" PRODUCTION IN THE SEKONDI AREL

B METHOD (4)

IRY GRAINS
WINNOWING

¥
STEEPING (24 Hrs)

GERMINATING (7 Days)
(FLOOR)

GREEN MLILT

LGING (3 Days)

g

DRY GR.INS
/
STEEPING (24 Hrs)

GERMINATING (5 Days)
(PLOOR)

GR.EE% MLLT
v

DRYING & MILLING

¥
HOT WATER —> MASHING

/

SUN-DRY ING BROVNING
; ¥
MILLING
AV
COLD WATER —-—>MASHING SETTHING & DECANTING
¥ r : -
DECANTING SUPERNATANT SEDINENT
1
! b
SUN smi:xmm o -
= BOILING(2 Hrs.) BOILING (4 Hrs.)
‘jf | i
COOLING & SIEVING ~L FILTRATE PRECIPITATE
I ' )
PRECIPITATE FILTRATE SALTING &
¢ SUEETENING
WaSHING & SIEVING BOILING(3hrs) i
) BOILING &
: RESTING(1 Day ){T AHEL | SWEETEING DISCARDED
l | ¥ =
PRECIPITATE  FILIRATE DECANTING r——};—w
: J 1 | TUE |
DISCARDED SEDIMENT SUPERNATANT
v
SALTING & SALTING &
SWEETENING  SWEETENING

BOILING

vl

‘TUE§

BOILING (1 Hr.)

LHET

TS a—
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(B) TLKORADI LRFA

The necthod used in this area is believed to have originated from

Eloina, There is however, sone difference between the two methods. This

nay probably be due to long period of separation,

Helting:

Meize grains are steeped for 24 hours and packed in baskets with
plantain leaves for one day to initiate germination. They are then
floor malted for a period of four to six days. The germinated grains are
sun=dried thoroughly and stored for use.

Grinding, Mashing and Cooking:

The dried malt is milled with some fresh malt. The fresh malt
is believed to sweeten <the whole mashe The malt flour obtained is mashed
with cold water and boiled several hours with constant siirring, The
boiled mash is allowed to settle and decanted. The supernatant is
boiled again and salt added., This is the "fhei", The sedinent is
sieved to renove the chaff and the thick filtrate is cooked as the

by=product "Tue™, Salt and sugar are added,
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FLOY DL.GRAM FOR THE PRODUCTION OF"AHEIM™ IN THE TAKORLDI iREB

DRY GRLINS
STEEPING
4
INITIATION OF GERMIINLTION (1 Day)
|

Y
GERMINLTING (4 -6 days)

(FLOCR)
¥
GREEN MALT
¥
SUN DRYING
GREEN MALT ADDED — MILL]iNG
COID VATER —— -7 MASHING
2 BOILING (L Hrs.)
COOLING & DECLNTING
f i
SEDIMENT SUPERNATANT
-
SIEVING BOILING .<— SALTING
! i
C !
PRECIPITATE FILTRATE i
* {/ i ¥
DISCARDED poILmG & LATEL|
. SWEETENING
i
T___.'i
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COMPOSITION OF SAMPLES FROM TRADITIONaL BREWERS

Results of laboratory analysis of sanples of the final and
internediate products fron the various regions visited are shown in
Table 1 and 2. The Diastatic activities of the malt sanples (Table 1)
range fron 5¢3 to 30,9 with the sanples fron the Greater Accra and
Volta Regions having the highest diastatic activitiese In general
aging the malt reduces the diastatic activity considerably, For example
the fresh malts from Ada had about 30° diastatic activity as against that
for the corresponding aged sauples which is in the neighbourhood of 200.
L decrease fron 6,02 +to 5.27O was also observed for the fresh and aged

sauples froo Sekondi,

The riboflavin content ranges fromdq te 2ug/g samnple., The value
for rew mize (1.1 ug;/g) shows that the nalting process by the traditional
brewers effect some increase in the ribeflavin , contents However,

a proper ralting process could have caused & higher increase.

For the other components suchas protein, Fat, Ash, Crude fibre
and the carbohydrates there was either increase or decrease during malting
in all the sanplesg but the degree of increase or decrease varies fron

sanple to sample depenaing on how well the process was undertaken,




- 32 =

LIS I

e

COMPOSITION OF 1inIZE MALT FROM VARIOUS TRADITIONAL BREWERS

Moisture

°Diastatic Lckivity

Riboflavin (ue/g)

Protein (%)
Ash (%)

Fibre (%)
Starch (%)
Total Sugars (%)

Reducing Sugars (%)

SLMPLES
1 p 2 L 5 6

23,55 | 12,70 oz V10,731 12,76 123.90
6e02 527 § 20484 130,931 12,62 21,02
2.09 47 1436 1.72 1.51 1482
12455 | 12491 10,65 | 11.57 791 11456
3335 291 2,92 3el7 a1l 2450
1463 1,92 1,92 %36 L. 69 2450
1,28 1etl 1442 1.05 1.18 3429
56637 | 50497 5773 | 61438} 5158 62,42
11455 93h | 12436 789 1 12415 QeL6
L} 1032 1 8483 9¢16 | 64811 11469 9420

i

* Apart fron noisture, all values are given

Sanple 1 =
n
f
n
"

n

o2 N SR N G |
1

Fresh Malt fronm Sekondi
hged Malt from Sekondi
Fresh Melt fron Keta
Fresh Malt fron Ada
Lged Malt from Lda

Fresh Malt fron fLccra.

on Dry weight Basise



COMPOSITION OF MLIZE BIVERLGE FROM VARIOUS TRADITIONAL
BREWERS
S4M P L E S :
1 2 3 L 5
Protein (g/100nl) 0481 1,06  0.19  0.81 0,27
ash (&/100m1) 0,01 0.55 0. 01 0.63 0435
* *®
Total Sugars (g/100ml) Tod5 3443 0ul5 2466 2460
*
Reducing Sugars (g/100ml) | L4e73 3428 0638 2451 1420
Starch (g/100n1) 3425 3e4i6 0.87 1o41 1420
Soluble Solids (g/100ml) 1240, 1172 1412 7¢21  L.50
Total Solids  (g/100rl) 14400 12,80 3440 9.00 5,50
Riboflavin (ug/100ul) 2453 3465 sl Le13 2453

* No sugar added

Sanple 9

"

(G IS VR N
oo

I}

ihei fron Sekondi

Tue froum Sekondi

Liha from Keta
Nmada from Ada

Nmada from Accra
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Analysis of the final product shows a wide range in the various
values (Table 2)s The protein content ranges from 0.2 to 1.0 g/100ml
ash = 0401 to 0,6 z/4100ml, Starch = 1.8 to 345 &/100nl and Riboflavin
1e1 t0 Le1 mg/100nl. The level of each component depends on both the

nalting and brewing processes.

Tor exauple in the ade district, the riboflavin content of the
malt is quite low but because of the elaborate nethod of extraction,
this vitanin is guite high in the final producte It was also observed
that although no sugar was added to the product from ada, the results
of laboratory analysis and tasting gave a high sugar content (2.66 g/100
ri1) which is even more +than that of the hccra sauple with sugar added.
This finding is of a great interest to this study since it can be
directly related to the high diastatic activity observed in the malt
savples from this district (Table 1). Biastatic activity is a neasure
of the activity of the amylases which break down starch to siopler

SUEArSe

On the whole, however, the nutrition benefits of the malting
and brewing processes are not reflected in the final product due
probably to the in-efficiency of the nethods erployede. For exanple
to get half the recommended daily intake of riboflavin (Passmore et al,
1974) one will have to consune as ruch as fifteen litres of the malt

beverage sanple froim wda, and higher amounts of the others,
i 3

P.RAVMETERS AFFECIING THE QUALITY OF MAIZE MALT

(2) General Biochenical Chenges during lialting

The nain causative factor for the dormancy i@ dry seeds is the
low moisture content of these seeds; and for initiation of germination,
there must be an imbibition of water to hydrate the enzymes which will
facilitate mobilization of reserve materials (especially the carbohydrates)
for growthe The initial steeping of the dry maize grains is therefore

an essentlal process which effects this rapid uptake of water.
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Table 3 gives the observed changes in moisture level during

: ; : 0 ;s P :
steeping and gerwination at 28 C. A4Lfter an initial rapid water

absorption, there was a gradual increase in the wnoisture content

throughout the geridnation period.

TBLE 3

ISTURE CONTENT

CHANGES IIN_HMO

DURING STEEPING & GRRINATION

DLYS OF
GERMINATTOIN

% MOISTURE

0 (Dry naize)
0 (Stecped "
1

(S I A \N)

12446
) 34485
36433
41,98
58446
58410
58415

On the third day, there was a

sharp increase in the noisture
level probebly due to the appearance
of the young coleoptile and
coleorhiza tissues which are turgid
and contain high noisture. The
reduction in the noisture content
on the 4th and bth days could be

due to excessive transpiration at

that stage of germination.

Concerning the protein content, & slight increase was observed

in the course of germination as indicated by the result in Table L.

apart from the poscibility of certain noulds on the grains fixing

CHANNGES IN ''HE CRUDE FROTEIN

©ONTENT DURING GERMINATION

DAYS OF % CRUDE
GERMINATION PROTELN(D.J.B. )
0 (Raw Grains) i 10s5
0 (Steeped " ) 1101

1 10,99

2 1174

3 12.83

3, 13423

5 | 1381
conpounds .

atrospheric nitrogen to effect the
observed slight increase during
germination, there is no other
biochemical meaﬁs of increasdng
the total nitrogen content of the
grainse The enzyidc breakdown of
endospernal protein to amino acids
and anides followed by protein
synthesis as reported by Young et
al (1960) is only bound to change
the ratio of insoluble endosperral

proteins to soluble nitrogenous

The totael nitrogen content should hovever remain the

sanegs if not less as a result of small losses incurred during leaching.
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Table 5 showis a gradual decrease in the fat content during the
germination periocd (From L.3% to 2.98%). This is not unexpected since
the fats are knowm to be broken dowm during germination by the action
of lipases, These enzymes, accordin; to the metabolic process, attack

the bonds betireen the fatty acids and glycerols
GIAIIGES TV 10IZ FAT CONTENT
DURING GFRIINATION

20 2 The glycerol liberated is phosphorylated to

&lycerol phosphate by the action of the

DAYS OF % FAT enzyne glycerokinase and later to pyruvic
GERMINATION (DMB ) acid which enters the Krebs cycle for energye
o(Rawr) " le31 The fatty acids find their fate in a beta=
O(Steeped) | L2k oxidation where they are peroxidatively

1 ' 3¢ 7L decarboxylatede These reactions eventually

2 3ab2 end up in energy production through a series

3 3430 of metabolic processese The observed decrease

) 3400 in the fat content during germination confimed

5 H 2.28 the observations by other workers such as

Toole et al (1956), kalhorta (1934), Dure (1960) and Ingle et al (1964).

The fibre content was found to reduce slightly during the first
day of germination and then there was an increase throughout the 5 day
germination period (Table 6)s This initial decrease rmy be duc o >the
action of the enzyme cellulase which degrades cellulose ﬁmou@
oligosacpharides to cellubiose and finally to lucose units. Also, the
action of the enzyme cytase in the hydrolysis of the hemicellulose to
simple sugzars such as xylase, arabinose, galacgose and mannose,
contributed to the decreascs Cellulose and hemicellulose are Lhe two
min fractions of the cell wall constitucnts. In the course of germination,
however, there is a rapid synthesis of these cell wall constituents fron
sugars. lMost hexose sugars are knoim o undergo a direct conversion to
cellulose, Eventually, the rate of anabolisnm overcome the catabolic
action of thc enszymes; and hence the increase in the crude fibre content

of the germinating grainse
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As showm in Table 7 below, there was a slight increase (from 1439% to

e

CONTENT DURING GERILIULTION

DAYS OF “; CRUDE
GERITWTION FIBRE(DMB)
0 (Dry Grains) 147
O(Stecped " ) 1e46

1 1.3

2 1el7

3 1.66

L 1.89

5 2420

The slight decreases during
steeping might be due %o
exudation of some ninerals

from the grains into the

steep water. At this

stage, there was no active

growth and the cells night

1,894 )in +he ash content of the maize
during germination. Since certain minerals
are essential to the germination process
for the synthesis of cell componcnts and the
activation of some enzyme systems, there
coull be an active absorption of these

. minerals from the water sprinkled on the

germination grains,

CHANGES II{ THE ASH CONTENT
DURING GERMINATION

DAYS OF % ASH

GERMINATICN DIB
0, (Dry Grains) 1439
0 (Steeped " ) 1.28
1 1e54
2 1.63
L =
5

not have any necd for absorphion

of extra minerals,
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The most proizund changzes observed during the germination period
occured in the carboliydratcse Table 8 and 9 below indicate a progressive
decrease in the starch content with a corresponding increasc in the
SULATSe These changes arc also linked up with the increasing diastatic

activity observed in the germinating grains (Table 10).

174 T, T r'l‘rf“‘m mA II '\7\“;:' T 1‘. )
2Bl Al BS T e Starch is normally broken

DURING GERMINATIOL
¢ down by two hydrolytic enzymes =

DAYS OF g 70 STARCH alpha arylase and beta anylase =
GERMINATIOL - -@J‘;Z.L‘

to simple sugarse

0 (Dry Grains) é 79416
0 (Steeped " ) 1 78,67
1 f o Tle42
2 76470
3 63429
L 60419
5 5L425
]

’ TBIE 9
CHANGES Il 1HE TOTAL D REDUCIIG SUGARS
CONTENT DURING GERMINATION

DAYS OF GERMINATION % TOTAL SUGARS 5 % REDUCTI'G SUGARS
(DMBR) (DMB)

0 (Dry Grains ) 1,01 ‘ 0e18

O (Steeped " ) 1,00 0e 20

1 1450 1.01

D 730 1.30

3 ‘ 7e11 ‘ Lo 9L

L 15,41 12438

5 18482 $6,08

—_— o . :
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It is these enzynes which arc rcsponsible for the increasing dinstatic
activity observed in the melt, Alpha=crylosc attacks the alpha=i, 4
linkages of the sterch polymers at randoir but has no effect on terminal
linkeges and theose within thrce glucose units of alpha 1, 6 linkages.
Beta=amylase on the other hand, removes successive maltosc units froi
the non~reducing end of an alpha - 1, 4 linked chain of either arylose
or arylopectin = the twvo components of starchs In 1960 Dure reportcd
that only beta=amylase is present in the dry seed, and that alpha-arylasec
riginates exclusively in the scutellum, the organ between the eumbryo
and the endosperm, and is secreted into the endospern during germination

sc that, in the course gernination, these enzymes are made available in

IABLE 10 the endospern to effect the breakdown of

starch to monosaccharides and maltose,

CHANGES IV 'TiiE DIASTATIC
:é‘ffffff%ﬁ?c_ GExRI.iIf&'*TIOI\? 4 closer look at table 8, 9 and 19 reveals

DAYS OF °Diastatic el eomen s and T bota] sucare
GER.IAII‘J&TIOI‘{ ‘iﬁgg}‘ﬂ (DMB} Starcsa conveent an 1 tOo &

occured arocund the 3rd and 4th days of
0 (Dry Grains) 2462

geriinatione This property of the malting
O (Steeped " ) 2,60

process is of a great iuportance to both

1 346 : - 51
i the industricl end traditional uses of the

2 12490 . .

7 maize malt, In cases where sugar is

Z

o2 ; ;
3 238D required in the form of sucrose, this
L 45481 . . Mo sk sk e i

process provides glucose which is used

5 46420

by a conplex biocherical mechanisnm in
he production of' sucrose. Glucose is phosphorylated to glucose—6-
phosphate and part to glucose=l=phosphates The latter is converted to
uridine diphosphate glucose (UDFG) in the presence of Uridine trio-
phosphate (UTP), Sucrose is formed by condensation of the UDPG and
frutosc=6~phosphates

that drastic changes in diastatic activity.
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The final pouponent examined for changes during germination was
riboflavine, As shown in Table 11, there was an increase in the riboflavin
content of the maize during malting, At the fifth day of meliting the
level was found to be as much as four times the original content (from

121 uz/g 1o 493 ug/g)e The increase started rightv from the steeping

stage and continued gradually till

ZoBLE _J1 the third and fourth day s wh en there
CHANGES IIN 1UIE RIBOFL.VIN CONTENT was o sharp rise. There was then
-A\w;--( 'ri TA T.L‘T ] ﬁ;! r
‘RUEL‘D”L;*QEE:E%L" N OF Nplgh a slow developnent betireen the
DAYS OF i RIBOFLAVIN fourth and fifth(dgys of germination.
GERMIILTTION ! CONTENT
U SR =74 3 ¢:1:)
) ' i hs stated in the intrecduction,
O (Dry grains) ! 1e21 Buckholder (1943) fcound fourfold
~anad N

0 (Steeped " ) g 1e40 incrcase in the riboflavin content

i
L ! 1.98 of corn after 5 to 6 days gernina=

~, 260 . . . o
c ! tion period, This earlier finding
3 g 301 has been confirued by 4 he results of
), o)
b g Lol this study.
5 4e93

!

(b) Dupstion end Teperature of Steeping

The results fer the deteridination of the effect of duration and
temperature of steeping on +the subsequent developient of riboflavin and
diastatic activiiy are shovm in Table 12 belows As clerrly indicated,
the initial steeping conditions have very little affect. on the developnent

of riboflavin; and diastatic acivivitye
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EFFECT OF DURATION .IND TEMPERATURE OF STEEPING ON THE

DIASTATIC POVER 4D RIBOFLaVIN DEVELODIENT

TUE OF | SIEEP | ODIASTATIC FOWER 4FTER | RIBOFLAVIN CONTENT ug/g
STEEPING | TEYPERATURE|{ GERUINATION .T 28=30°C | AFTER GERMINATION FOR
(ms.)  (°c) FOR
'
' % s v -
f : -~ 3 Daysyi 4 Daysz 5Days 3Days § 4 Days Hdays !
, : |
20 32457 14e96 146400 | 2485 | 14,00 | 14480
L ;28 33,00 45.39 146,168 | 2.84 } 3.97 | 4.7
| .
37 { 31,80 42,00 145,00 | 2,58 | 4,00 | 4478
i
20 32468 L45.63 {1a16 2,88 Le23 496
12 28 .'53.85 46400 11,6448 2.78 LelLi6 4488
37 P 31082 | 42,08 145,32 | 2,60 | L4a53 | 469
20 i 33,05 15061 146,05 | 2,87 | Lak5 | 4a86
28 33487 46410 ;46.52 ! 2.90 Lel7 4..88
37 32400 42.71 {45.16 2467 Le51 L. 91
i i | L

Low tenperatures and short steeping periods only retarded the rate
a little, but

contained almost the same level and activity for

of devcloprent of these components

the final nelt

all cases, This

observation can be explained in part by the fact that, the small acople

usod for the laboratory investigation did not take long to attain the

3 ' ) 0, 3 0, . I} )
mlting tenperature of 28-30C when removed from a steep t emperature of

0 , . - . e
20°C or 3700. Also, the nethod of malting employed previded a liberal

anount of vater during germination, and this could make up for the

low moisture attained during acphartutteeping poriode.. Thoe verisufi.
any (pesite.

biochcnical transfornations &re thercfore.not retarded .ty

oxtont-
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(C) Interaction of Steep and germination temperature of laize

This determination was carried out to find out the over-
riding factor for a good malt as far as steep and germination
tenperatures are concerned. From Table 13, it can be seen that the
steep teuperature does not affect the enzyme and riboflavin develop—
nents significantlye It is rather the germination tenmperaturec
which actually natters. 4 warn steep temperature only accelerates
the developiient of the coumponents a little in the course of germina—

tion at a cold temperaturces

ZDIE 15

EFFECT OF THE INTER.CTION OF STEEP - AND GERMINATION 2
TEMPERATURE OF MaIZE Ol THE DEVELORLENT OF RIBOFLAVIN
AND DIASTATIC A4CTIVITY

STERP . | GERMIUATION] ODIASTATIC POVIR AFTER | RIDOFIAVIN CONIENT (ug/s
TEMPERL- + TRUMPERATURE] _ GERMOWITON KOR | _ GERMINATION FOR _
TIRE ("C) (c) BMYSTADAYS | 5DAYS snavs | gpavs | spAvs
r9 L & 8
20 i 16,91 | 18.41] 18,52 | 2.27 | 3.52 | 3.58
28 {20 17020 1 18497} 1955 | 2485 i 3061 | 3490
37 20 18,00 | 20,161 20489 254 3 400 | 4e10
! 3
20 28 35405 1 45461; 46403 2,75 g LeliO 492
28 28 | 33025 ] 145.80) 46,20 | 3.10 | 4.53 1490
37 28 32480 l¢.2.7’lu 45.62 2458 u L4.¢51 Le89
20 57 | 15,821 17,00 15.27 1043 | 1457 2,20
28 37 15,70 16482] 14488 } 1.33 | 1,48 | 2400
5 -
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Howiever, & cold steep (20 C) does nct have any clear=-cut effect
on the developnent of tiie malt component when geriinated at a higher

tenperaturcs.

(d) Malting Teimperature

For the three different nelting tenperatures uscd to determine
the effect of temperature on the various biochemical trensformations

. - s = %0
during nalting, a temperoture of between 28 -~ 30 C was found to be

the beste This is clearly indicated by the resulits in Taeble 14

belove

LhDIE AL
EFFECT OF MALTING TEMPERATURE ON 1THE DEVELOPMINT OF DIASTATIC
POWAR_JD RIBOFLAVIN IN MAIZE

DAYS OF | *DIASTATIC POTIR AT & RICOFLAVIN CONTENT(ug/g)
GERMINATION TEPERLTURE OF - (DMB) AT A TEMPERATURE OF
120% | 2% 37% _ 20% | 28% 1 '37%
O(Dry grains)! 2.62 2462 i 2,62 1420 1420 1.20
O(Steeped ") | 2.53 : 2,60 | 2.61 1.58 1olidy 1443
1 3453 3,641 2,93 : 1.88 2,00 157
2 9a7k | 12.93 | 10485 2,27 Y 2,53 | Ael9
3 16491 33481 | 1380 ‘ 2y I7 2ol 1647
L 18441 | 15476 | 1479 3.07 | k78 1452
5 18,32 | 46425 | 17.90 : 3465 1486 - 2,00
6 19400 42481 | 14400 3092 i 1ye33 2,02
HE : \

In the case of riboflavin developuent, however, malting 20°C wes
found to be not very different from the results obtained #t 2800. The
producticn of riboflavin was cnly retarded a little. Dmring the .
investization, it wos observed that gerrdinetion started very early in the
sanples ralted at 3700. However, the young embryo could not stand the
high temperature and consequently, most of theun withered after only 36 hours'

malting.
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This could have a proflund effect on the overall development of the malt
couponentse 4Lt 2OOC, there was only & retardation in the rate of
germdnation and embryo developnents, ALlthough the developrient was slow,
there was no germination of grovwthe ﬁith longer gernination, therefore,
the degree of develcpnent in the ZOOCﬁsaugles could catch up with that

. o , : :
in 28 C tvhen the latter reaches its optinun,

This brings out the gquestion of duration of germination, From
all previous results, as well as those in Table 14, rapid development
of both diastatic activity and riboflavin was observed in the Birst four
days (especially between the third and the fourth days). A&fter this
there was a very slow rate of development, In some cases, there was a
decrease in the degree of enzyne activity as well as riboflavin content
after the fifth day of malting. These observations show that naize
mlting requires a gerndination period of not less than four dayse. Five

days gernination ney be undertaken but six days is unnecessary.

(e)  HMoisture during Malting

- Absorption of water by germinating maize grainé has been
observed in the previous deteriinations carried out. But to ascertain
he actual effect of moisture restriction on the general development of
the n2lty a series of parallel maltings was underteken and the results
shotm in Table 15 below. Restriction of water to the gefminating grains

was found to cause a reduction in the producticn of enzymes and vitaminse.
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TUBLE 15

e e

EFFECT OF MOISTIRE ON IIE DEVELOPIENT OF DIALSTATIC POWER
£1ND RIBOFLAVIN TN GIRMINATING MAIZE

—_ S
- MOISTURE CONTENT CDIASTATIC POWER RIBOFLEVIN CONTENT

DLYS OF % (DB, ) (ug/g) (DM.B)
GERMINATION == : : : =

I0W § MEDIUM T jEDIGL |HIGH
LEVEL| LEVEL{LEVEL | LEVEL | LEVEL |LEVEL
L0V ~ |MEDIUM| HIGH {MOIS~-} MOIS~-QMOIS-! MOIS- | MOIS=- {MOIS-
TURE { TURE | TURE | TURE |TURE

#

12445 12445 12445
31480 | 3,480 134480

-
!

0,62 1 2.62 § 0,62 1 1,20 | 1,20 | 1.20
2e 61 2061 : 1.14-7 1.1-}-7 1.4-7

0(Pry liaize )
0(Steeped " )

-

\®]
L]
(o)
-

>

1 5 33042 { 35473 136480 13400 § 3434 | 3468 | 2,00 | 2,28 | 2430
2 | 30618 | 38,94 142,00 g2.84 Le67 {13412 2,00 2452 2,61
3 | 27.65,46.34 i58.55 2.81 118482 134,66 1451 ’ 2,84 3468
I3 | 20482 § 50012 158461 {2468 [33487 145480 | 1450 | 3408 | 4e?5
5 g 18013 [ 54066 [58015 12,66 {40463 |16.00 | 1,51 | 3,60 | 4a78
6 5 16477 1 56465 558.00 2466 145476 143483 | 1450 1§ 4a8h | 4e27
e ; b : i |- . ‘

vith the high level moisture sarple there wes the usual increcse of
over 40 %giastatic power over o five~dey gerumination period. The riboflavin
developpnent for this sanple increased four-fold. However; the rate of
development in the nediun level noisture sanple reducdd censiderably while
the low level moisture sanple had an initicl slight increases on the first
day of gerrination followed by & gradual decrease in the developods
conponents throughout the jernination period. 4L constant Ed:r'yj_ng was observed
in this saiple which was only steeped for 24 hours and left to malt without
any further watering. The findings show that for maximun nutritional
and enzyne developuments there imust be an adequate supply of water throughout

11

the period of maliihg,
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(f) Drying Tenpersture for laize Malt

An investigation into the effect of drying tenperature on the
quality of the maize nalt is of little or no benefit to the traditional
brever who uses sun-lrying., However, & large scale use of mltel maize
for the production of beverages will require the initroduction of artificial
drying technigques, The results presented in Table 16 show the highest
drying teuperature at which the malt coiponents are adversely affecteld to
any appreciable degrees.

DLy 106

EFFECT OF DRYING TEAMPERLTURE ON THE DLISTATIC POWER AND
RIBOFLAVIN CONTZIT OF MLIZE MALT

MALT DRYING 1 CDILSTATIC POWER RIBOFLAVIN CONTENT

SANFLE NO. TEI(%’E%ME (D.1.B.) (ug/g) DeM.B.)
C pem—

* conmroL :TEST ' * conTROL b mmsT

2 40,0 45,0 L2 4.8 bo7

3 1 50,0 {158 | 4.6 L L5

4 | 60,0 k62 a3 a8 L6

5 7040 { L45.6 1 20.1 Lo6 Le3

6 80,0 § 46,7 1349 5e5 b2

¥ Sun-dried sanples vere used as controls for each
drying tenperature,

Malt samples dried for 20 heurs at tenperatures ranging from 35 1o 60°c

only causc negligible destruction tc their diastatic zxo{bivities. L drastic

reduction in diastatic pover was observed in sanples aried at 7OOC and

above, For industrial purposes a drying teiiperature of between BOOC and 6OOC

is therefore recoiriended as being the optinum teuperature to preserve iost

enzyne activities in the nalte The riboflavin content was virtually not

affected by the drying temperatures ucsed in this stuly. Riboflavin is

knovm to be theruo=-stable, anl tenperatures of up to 80°C are perhaps too

low to effect any appreciable destruction of the vitaumin,
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The recormended temperature range for artificial drying (50 = 60°C)
is therefore good enough to naintain the riboflavin, level in the

final malte

4, CONCLUSIONS .uIND RECOLILENDLTIONS

V.

Fron the results of (a) the investietions into the Ghanaian
traditional methods of iwaize nalt beverage production, (b) the laboratory
analysis of the internediate and final producta, (¢) +the biocherical
changzes during naize melting under conditions similar to those of the
traditional process, and (&) the determination of the various paraneters
affecting the devclopments of diastatic activity and riboflavin, the

followring can be stated as the main findings of this atuldy,

(1) Melting as undertaken b, the traditional producers is an essen{dial
step in the maize nalt beverage production as it effects all the
biochendical transformetions in the grain necessary to impart both

the typical nutritional and organoleptic properties to the beverage.

(2) However the traditioncl brewers do not derive thé maxirmi benefits
of the nmalting process because of lack of proper attention during
the germination period. Only up to about two-fold increzse in
riboflavin and low diastatic activities are achieved through their

nalting processa.

(3) Verious famctors were found to affect the enzyme and ngtritional
developments in the mlte  Tenperature, moisture, and duration of
malting have a profound effect on the quality of the final nalte.

L4s far as these factors are concermed, hoivever, steeping conditions
do not affect the subsequent changes in the grain as nuch as the
conditions of geridnation, With tenperature, the germination
teuperature is the over-riding factor, and with moisture, short
steeping periods do not affect the proper developuent provided there

is adequate provision of water during melting.
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(4) Steeping at 28 - BOOC for betieen 12 and 24 hours, followed by
germination at the saie teiperature for 4 to 5 days with twice
dadly sprinkling of water was found +o cause high diastatic activity
and riboflavin developuent in the malt. lMaize iwlt thus produced
has a four-fold increase in the riboflavin content and as high as
L,_GOO.'as-'c&tic jeleyriched

(5) Lover (QOOC) or higher (3700) steeping and germdnation teilpera sures
adversely affect the changed in the graine Longer period of rrlting
also reduces the developed corponenis,

(6) For artificicl drying, oven drying at teiperatures up to 60°C do not
affect the engy:ne activity of the malts Higher tenperatures cause
drastic reduction in the diastatic power but do not reduce the

riboflavin level to a sinilar extente

In the light of the above findings, it is therefore recouuzended that
for boeth traditional end large scale use of muize for the production of maize
nalt beverages, the following malting procedure should be strictly followed
o obtain maximmn desirable propertics of the nalt,

Lfter vinnowing and washing, the maize grains are steeped in good
drinking water for about 24 hours at 28 = EOOC. The Steeped grains are then
renoved and spread on sacks or such sirdler moterials which will not rptain
nuch water, covered with polythene materials to prevent excessive noisture
loss through evaporation, The malting grains are sprinkled with water
twice daily for 4 = 5 days after which tine the rootlets are disentangled
and the malt thoroughly dried in the sun, “Vhere artificial drying is

s . , - , 0
required, the drying temperature should not exceed 60 C,
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5. DEVEIOPMENT END FROSPSCTS

Maize ralt produced'by the above recomnended procedure has a very
high diastatic activity as well as riboflavin contente These are also

indications of general enzyne and nutritional developnents. With this
high level of enzyne activity and nutritional content, the mlt can be
used by the traditional brewers to obtain a better quality maize malt
beveragees It is also an ideal nalt for the local enterpreneur who
wishes to indulge in the production of a bottled maize malt beverage

with properties similar to the barley malt extract.

For the sm2ll-scale traditional brewer, such a malt is ideal to
cause sweetening of the mash and thus saves any extra cost of adding
sweetening agents to the beverages. With the increase in organoleptic
and nutritional properties the beverage produced with this malt can
conpare favourably with other more expensive cereal malt extracts produced

with inported raw naterialse

The procedure for the high qualilty maize malt production as shown
by the findings of this study does not involve any expensive technology
and will not therefore pose any problen to the traditicnal brewers, There
is however, the need for another investigation into the mashing and
boiling processes of the mrize nalt beverage production using the high
quality maize malt., 4 standard procedure for mashing aﬁd boiling fbr
a desirable enzyne activity is necessary to utilize the developed components
of the malt to naximun advantage, Such an investigation will also find

a mashing process for maximun extraction,
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LPPENDI X 1

QUESTIONNAIRE FOR THE FIELD SURVEY ON THE TRADITIONAL
METHODS OF MALTED MLIZE BEVERAGE PRODUCTION IN GHANA

Re{)ioll.iooonoocooooo.ottuoallTO“m or Vill&ge.........o-oo--AI'CC-oo...ooaoooo

Nance of Producer seececcscccceesliCoeccccsssseessssBducational
Backcround..............o

OriGin of Trace (Inherited or Acquired)........................-..-.....-.a

Years in TradCesssececesscscscscscoce -serc00sssosssessscscscscssososoncessnons
Port~tine ¥ Bull=tiiCeseeecasescssssrastoosscosoossscsssasesssnecssncsnsass
Illethod of Production:=
(a) Preparation of Raw grailSeecsssssscesessiosessaesosspiilliiesssliossnssans
(b) Steeping: TemperaturCesecscssesscsssscssses s DUrationecsecsscecsasssccce
(o) Malting:
(1) Hothed (Hloor 0 BREREE]«swmecws s s s wnivihmmvm s s s s mmm sen= e abosii
(11) Duration of Melbingesesessecoisssssesss ioess vesse 5essehes:seappave
{(iii) Tre2tments during PEltInEesisssesssssss sanvesesenes s s e iss Solinsie
(iv) Brying (swn=drying or otherwiSe)seessssvesecoeesssssnohoissieanis s
(v) ALging procoss...........................1.w;.....11.1~;‘1.........
() HELE BLOPAED 5e smunmu'snsmoinsnnssssesssoneihe sdbeegvnineninsdend s bosss il
(e) Malt Milling (Bine or COAYSe)ecsseccossvesssssscsposssssssesssssssssnse
(£) Meshing and Boiling:
(1) Moshing nethod (cold 0r hot)esevesscsssecesesssscsssersserrasssss
(1) Bosking Period sesesisseeosssssssnsessosses s soesdes s sveess evsl
(E8i] Dreatment of Bailaevssniids s snnomy d fung s Fus wapeps by pess sovion e o

(iV) Duration of Boilingg-....-........-.-.o-..........-.-..............

(V) Other treatnentSecscsscscicessssssscescsscsssscsss . stssovscoacasaoses
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