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PREFACE

As stated III the torms of ~ appointment, I shall be

upgraded to the status of a Research Officer after serving a

one year trial period at the Instit~te, depending on a favourable

report by the Officor-In-Charge.

On ~ asaumptzi.onof 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 "Mai.z e Malting and Brewing Studies ".- This

aLl.owed Miss Hary HaIm, Re scar-ch Officer (Microbiology) who was

tho ~litiator of the project, to concentrate on the microbiological

aspects.

Attached is a report on tho .pr-o jeot - "Maize Halting for

Optimum Diasta tic Activity and Riboflavin Development" - which was

designed in September 1975 to cover the one year period. The

projoct covers an investigation into the traditional process of

maize 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.



The traditional processes of maize malt beveraGe production in

Ghana were Lrrvestd.gate d and found to involve the gcneral steps of

steeping the maize grains for about 24- hours at 28 - 300C and

allowing gerrnina tion to take place for a period of botvrcen .9 and 7

days. The re suIting malt is sun-dried, milled and cooked to obtain the

maLt; extract beverage. Although the malting procedure folloned could

effect considerable biochemical changes L.'1 the grains leading to the

development of riboflavin and high d.ia sta tic power, analysd.s of the

intermediate and final products showed that lack of proper attention

during the germination period resulted in only a minimumdegr-ce of

development of these components. The highest level of riboflavin

recorded for th.e traditional malt was only 2.1 1lg/ g and the diasta tic

oactivi~ Has 30.9·.

An investigation was also carried out into the general changes

occuring during maize malting and the factors effecting the proper

development of riboflavin and di.as ta-c.ic ac:t:tvity. Biochemical changes

during steeping and e;ermination wer-e found to include the production

of various hvdro~tic enz~es which catalyse metabolic activities

to effect changes in the proximate composition of the gra ins , The

most profound changes during germination occured in the carbohydrates

in which a progressive decrease in the starch content with a correspond-

ing increase in tho 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 develop:n.ents

of riboflavin and diastatic power, Optimumdevelopment 'was

obtained in grains soaked for 24 hours and allowed to germinate

for a period of 4 - 5 days at 28 ~ 300C with a constant

daily sprinkling of water. Analysis of maize mnlt produced

by this procedure shoved a four-fold riboflavin development

(f'r-ora 1.2 to 4.8 ug/ g on Dry weight Basis) and an increase

of diastatic power from 12.4 to 54.7°.



1. INTRODUCTION

In the traditional societies of Chcn a , as Hell as nos t African

countries, use is raac,eof the indigenous cereals available in tbe produc-

tion of not only ~~e QUindiets of the people but also cereal beverages

usually served at certain traditional cer-onon i.es such as out-door:ings and

funerals. Tho -l~ypeof cereal used and the mothod of processing differ

f'r-onpLaco to place depending on tho availc..bili t-y of DB. tcrials and the

food habits of the people.

Schrzar-bz (1956) has described the brening process for a traditional

Bantu drink called Kaffir beer. TIus is prepared from ground malted and

unraaLbed sorghun by lactic acid ferrnntation f'o Ll.orredby alcoholic fermen-

tation. In an introductory reoarks in his studies on Kaffir beer Van der

rra.l.t (1956) also mentioned exarap.Les such as Derissa f'r-ori Sudan, Bouza

f'r-ori Ethiopia and Pombof'r'ora East Africa. Apart from the extensive use

of nad.ze in the Southern part of Ghana for the preparation of some staple

die ts such as "kenkey" 2J.1d'Banku" a nori-a.Lcoho Lac cereal beverage is also

produced f'r-on raai.ze grains.

This bcvcr-ago, kriorm as "Nnad.a" (in the Grater Accra Region by the

Ga-Adangoes), "Aheill (in tho Central and Western Rogionsby the Fantis),

or "Lilla" (:in tho Volta Region by the Erres), has been an age-old cereal

drink, the nethod of production of w hich has boen passed on f'r-on genera-

tion to 6eneration.

It was founcl that the na.in processing steps erap.Loyed arc s.imi.Lar'

to those used on Conuercial scale for the preparation of other ceroal

Lsuch bevoragesLas beer and mlt extracts. Ylhenconcentrated to sane degree,

the oalted nai.ze beverage has the taste and ar-ona like those of other

naLt-oxta-ac ts produced froc. inported barley naLtis and wh.ich are wide:l¥

consumed in the country. k.lthough tho nai.zo nalt beverage is not drunk

for any other value apart froD its refreshing and organoleptic properties,

nevertheless, it has a very inportant nucr-LtLone.Lvalue, as a source of

vitaDin B, especially riboflavin, .in addition to its calorific contribu-

tion to the diet.
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Accord:ing to Goldberg and Thorp (1946) African cereals usually

provide ade quate a.nounts of thiar:rine but the riboflavin and ni.cot.ind.c

acid deficiencies are nide spread. Villitby IS nutritional sUrvey (1968)

also indicated D. Hidespread deficiency of riboflav:in In the Chanai.an diet.

The nutritional significance of this beverage as a suppf.enent is t here-

f'or-e aparent consider:inG the fa ct that the bLocherri.caL changes tbn t occur

:in the course of its production end.or. it rrith a high riboflavin conten t

as well as othe r conporien ts "\Thichare 01: both nutritional and :industrial

interest.

Malting is one of the nost inportant processinG stages in the

production of nai.ze raaLt bever-age , and the final quality of the product

depends to a large extent on th.i,s pr-oceas ; Practically no wor-khas so

far been done on na.ltcd local cereals and the ir produc ts :in Ghana. The

only attenpt at the Food Science DepartDent Legon (1975) provides on~

the fundaren ta L guidelines on which ueamngfu L resoarch could be based.

Li tera ture on any detailed nork to elucidate the biochenical processes

that intera.'i5rl;at the various stages of the traditional process to produce

the nutritional coraponencs as wel.L as organoleptic properties of the

final product is lacking. The liter2.ture review for a f'undarierrta L

appraisal of the subject under study is therefore based nain.ly on nark

done eLsevher-e on related aspects rri, th siDilar materials.

Malting brings about sone biochcDical changes in 'cereals, and

such nodifications of owe g~ain Dake it possible to utilize the COBPO-

nents as good nutritional supplenent or for industrial purposes. In

general the oaltinS proce ss involves steep:ing the grain~ to revi talise

then and allowing then to f,eroinate for a period of tine Hithin vrh i.ch

the acr-ospd.r-e grows to a specified length~ By 'thi.s trirae, the norphc.lo-

gical, histological and various raetabo Li,c c hanges as soc i.a tied '-T i th

€;erninatioll. uight have occured to givo the desired conponen'cs in the
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Evidence of riboflavin production during gernination of cereal

grains has been reported by various rrcr-ker-s, In 1943 Cheldelin and

Lane (1943) shoTIed that gerDination for 36 - 48 hours in the light

resulted in considerable production of riboflavin in black-eyed peas

and in lirn beans. Buckholder (1943) also worked on a nunber of different

species of seeds and found that the riboflavin levels in oats" wheat,

barl~ and corn increased forteen, four, eight and four JdD$respective~

rrhen they are ger-rririat.ed for 5 - 6 days , The f LndLngs of other wor-ker-a

like Klatzin et al (1949); Petit (1950); Wai et al (1947); kn~
Nandi and Baneijee (1950)j"iBuckholder and M'Yeigh (1942); Raut and Chitre

(1961); all shoTIed sioilar situations in DOSt sprouting seedlings.

Gustafson (1950), . _. ~--iUJo" showed that the rate of biosynthesis is

affected by certain physical conditions like tenpera ture.

-
Other biocheDical changes occuring during nal ting include the

.forLw.tion of various enzymes such as proteinases and peptidases,

phosphatase a, ualtase and oxidases. These effect a large nunber of

hydrolY'~ic processes leading to the production of desirable corrponerrtis

in the grain. The absorption of Doisture during steepillg sets off life

processes culrILnating in the production of these enZYDes.

One of these enzynes, the aqylases, according to' Jean de Clerck

(1957) are reinl;)' f'o r-r.iedin the scutellun but soaLl, anounts occur in the

endosper-n and aleurone layer. Beta-o.qylI:.so rzhi.ch attacks the aqylase

fraction of starch to give beta-cia Ltose and scaLl. portions of dextrin,

is knoirn to be present in raTI barley closely bound up T{:i,. th the a Lbunen

fraction of the grain and it is only by the activit,y of :proteo~tic

enzynes during gemination that causes its liberation. The other ary Lase ,

a.Lpha-e qy Laae , it f'orraed during gerDination and hydr-o.Iyse s the aqylopectin

portion of the starch granule to give alpha-r::Jaltose and large portion

of. dextrin. Novellie (1962) wo.rking on the m.lting conditions on the

diastatic power-s in Kaffircorn (Sorghun) nalt found that for OptiLlUD

developnent of diastatic porrer' in Kaffircorn, high +enper-atur-es (25 - 300C)

and high noLstur-e content are needEdduring ger;Jination.
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These are the changes envisaged to occur in the mai.ze gL'ain

during malting for the production of the traditional maize malt beverage

which derived its nutritional benefits from the results of these

biochemical changes. Contrary to this expectation, the traditional~

brewed maize malt beverage lacks the characteristic orbanoleptic and

nutritional propertie~, associated with the beverage, consequent~

failing to attract consumer acceptability-in :prci'erence to the other

available refreshinG beverages. These properties are obtained on~

throu8h proper malting and brewing.

The aims of this study are therefore:-

To investibate the various "~aditional methods of maize malt

bevorage production in Ghana, and

to dotorLline the factors that influence the development of

riboflavin and diastatic activity- during malt:LYlgand thereby

establish a maize malting procedure similar to the traditional

process to produce maize malt with hi{)11evols of these components.

This will not only help to reduce cost of production and raise

the nutritional con-cent of the final product for the benefit of the

tradi t i.onoI producer but will also standardize conditions of malt:Ulg

as a unique industrial opportuni~ for the local enterpreneur.

A». outline of tho method of research undertaken .in per suance 'of

the aims and objectives is as t'oLl.ovrs :

(1) Locatinb production areas, and investibating traditional

method s of maize malt beverage production ir?- Ghana; and

anaIy si.s of intermediate and final pro~(, to assess

their general quality- in relation to the local conditionB

of production.

(2) A Labcr-a tzrry sway of maize maLtarig , f'oLl.orri.ng the

traditional process, to determine the general biochemical

changes occuring dur i.ng malting.
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(3) A study of the ma.i.aemalting process under varying

condi tions to deterDine the effect of certain phy si.ca.L

factors on the riboflavin development and diastatic

activity of the final ma.Lt,

MATBRllLS

For all trial maLtzirig studies, a local variety of corn, which is

qui to small in size lias used. This corn, purchased fron the local markets,

was acclaimed the best variety for the maize beverage production by most

of the traditional brewers because of its gerLlinating properties. It

has a proximate composition as follons:- Moisture 12.5%;
Protein - 10.1%; Fat - 4.3%; Ash - 1.4%; Fibre - 1.1% and Starch

79.2!f6. ll.ll the values" except moisture, are on Dry weight Basis ~

.£...lliieagents. used for chemical analysis nere lllU1alarfl grade

supplic.cl by the British Dr:ugHouses (J3DH)Ohemi.ca Ls Irtd , , Poole England.

A size 8 inch. Laboratory HammerMill supplied by Chris~ & Norris Ltd.,

Chelmsford was used for all Billing purposes in thlis study.

METHODS

(a) 'DeterLlinati..<?£...EfTraditional Methods.2f Maize :Malt Beverage Prod~ction

Working through friends~ relatives, school teachers and other

Hell kriorm personalities in the principle toyms and villages in the

Southern Sectors of the Volta, Greater Accra, Cent-ral and: Western Regions

of Ghana, areas of production Here located. To 17in the confidence of

the producers some rapport was established in the first place through tile

help of people rzho are rreLl, known to them. Appointments wer-e booked

for discussions on the individual methods of production. It took not

less than three separate visits each before the ,actual processes could be

established. Subsequent visits TIere organised to follow up the process

for a practical appraisal and to purchase sanples of the ualt and final

products for analysis.
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Their problens were di.scussed, and. on the spot sUGc;estions "Here

nnde for solutions to SODOof then, Appendix 1 sho~s a questionnaire

wh.i.ch was followed as mrch as possible in all the interviel7i.

(B) DeterDin.:l.tion of Paraneters Affecting the Quality of the Ma.lt

11 sanpl.o nal tinS was first undertaken in the laboratory 'with the

GBlleral traditional procedure to deteroine the GBneral chanGes that occur

durinG ualtinG. This nas repeated under varyinG conditions to deterDine

the effoct of steep tODporatura# duration of steepinG, Doisture, r~lting

tenperaJruro, duration of Geroination, and dryinG teDporature on tho

riboflavin developnent and diastatic activi~ of the L~lt as ~<dices of

vitanin biosynthesis and enzyDo proLuction respective~.

--

(i) To doternine tho seneral changes occur irig durinG mltins

selected fJaize [;rains were washed thoroughly and steeped

L'1 nate.r for 24 hours at 28 - 30°C. The soaked grains rrer-e then

removed ancl spread on a filter paper on a perforated metal

p'l.a te and. covered rri th poIy thene sheets to preven t excessive

noLstur e loss. They wer-e sprinkled with Hater t"ice daily

and sanpl.cs taken each clay for proxir.1'1teanaIy ai,s as weLl, as

riboflavin and diastatic activit,y deterDlllations. The results

were anaIy sed to f'oLl.orrthe b.i.ocherri.ceL changes during reI tinge

(ii) The effoct of duration and t.orapcrctur-e of steepinG on the

subsequent developnent of cliastatic power' and riboflavin was

determined by t'oLl.orziriga sirai.Lar-eprocedure as outlined above.

In this case however, the samp.Le of the rn i.ze .srains was

divicled into three sets nhich ner-o steeped at ;:WoC,28°C and

37°C r-eapectdv eIy , Sanp.Les f'r-on each set were teJeen after

four, ~elve and u?en~-four hours of steeping.
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These were gerDinated as above at 28 - 30 C for a period of tiDe and

ana Iys ed for diasta tic acti7ity and riboflavin content.

(iii) To obtain the effect of the interaction of stoop - & gerLtUlation

tenpercture of oaize on the quaLi,t-.f of the final raaLt, saoples

of the grains Here steeped at three different teqperatures -

o ° °20 C, 28 C and 37 C for 24 hours. Each set ~as ~~en divided into

thr d . t d J 20°C, 28°C and 37°C ,. ly f .ee an gerr.una e a G re specuave or SJ.X

days. Sanpl.es for 3rd, 4th, 5th and 6th days of gemination wer-e

anaIy sed for their diasta tic poner and riboflavin content.

(i v) The third par-aceter exarzin ed was the effect of the Llllting

+enpere tur-e , The procedure in (i) above 'VTaSf'o l.l.orredbut in

this case various sanples of the sane variety of raai.ze Here

na.Lted at t eraperetur-es ranGing fron 20°c to 37°C. For each

tenperature of nalting the deveLopmenbs of diastatic power-and

riboflavin were follorred in the course of {Sern:i.nationby taking

daily sanples for analysis.

(v) To ascertain the effect of noi.stur e on the quality of the final

IIlD.lt, three parallel LJJ.ltings were carried out at Ion med.iun and

high noisture levels. For the nediun moisture level sarJple,

natering after the initial 24. hours I steeping was done sparingly

while the hit:,h Lloisture level sanple had the ncr-naL hlice-daiJ.;y
. .

sprinkling. The low' moLs tur-e level aanp.Le had no viatering during

@OrDination. Steeping and berDination were carried out at

28 - 30°C.

(vi) Industrial use of nalted IJaize for the production of beverages

\7ill require artificial d,r]ing. This requirenen t necessitates an

investibation into the effect of drying teoperature on the quality

of the D9.1t. A nuDber of sauples naLted by the procedure described

in (i) wer-e dried at different tenperatures ranging fron ordinary

dry. t riYY<T' b ~ 350C to 80°C. Ea h 1 t hsun JJlg ° oven \.J...1.,J J.ng e vl7een c" sanp e was en

ground and ana Iy sed to obtain the effect of the chying conditions on

the enzyr:e activity and vitaDin content of the na.Lt.
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c) Preparation of Sanples for AnabYsis

All TIet sanples collected for analysis nere first air-dried to

a noisture level be.Lorr 12 per cent and Dilled in a size 8 inch. Laboratory

Hamner-Mill.

D) General Analytic~l ~iletho~

The Dethods used for DQst of the deterwinations are given by tile

Anerican Association of Cereal CheDists (AACC)(1962) and the Association

of Official Agricultural Cherrlsts (A.O.A.G)(1970). The references for

these and others are given ag~inst each nethod.

(. )\~ Deternination of Moisture

Since Dost of the sanples had DoisJrure levels above

13%and the incidence of noisture loss during Dilling is

quite significant, the Dodified 2 stage air oven nethod of

noisture deterDination was used. This involves first

drying on top of an oven to obtain initial noi.s tur-e loss,

oillmg the sanples and oven drying at 105°C to obtain the

final moLsture loss (A.A.C. C.) (1969). The total raoisture

content is calculated as follous:-

T = A ..« (100 - A)B
100

where, A = % Moisture lost in air drying

•
B = % Moisture in air dried aanpl,e as

deterDined by Oven drying.

and T = % total noLstur-e,
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(ii) Dcterr.rination of Crude Protein

The neasurenerrt of totalllitrogen rras the basis for the

estioation of protein content on the assunption that all the

nitrogen in a sanple is present in the forn of protein. The

greatest df.sadvantage here is that the nethod used for nitrogen

content is sensitive to non-protein nitrogen containing ra ter-La Ls

such as nucleic acids, free arrino acids etc. This non-protein

portion, however, cons ti tu tes a snall fraction of t he·~ t ota L

nitrogen. The error introduced is therefore considered insigni-

ficant.

The total ni tro§en (N) was deternined on about 2g sanple

by rncro-kjeldahl nethod and percentage protein calculated as

(N x 6.25). (A.A.C.C. 46 - 12) (1962).

II (iii) DeterDination of h8.h Cont~

The sanples were ashed at a tenperature of about 550°C in

an eloctric IJUi':flefurnace. Silica dishes which have been ignited.,

cooled in a desicator and neighed TIere used. The residue

renaining after 2 hours' incineration was detern:i.ned as ash

(A.A.C.C. 08-(1) (1962)

(iv) Deternination of ,Crude Fa~

The Crude fat ,TaS extracted f'r-o n the sanples in a soxhlet

extraction unit I1ith petroleun ether (B.Pt. 40 -:6r:lc) for about

five hours (A.A.C.C) (1962).

about 2.0g were used.

Accura tely weighed sanpl.es of

(v) Crude Fibre Deteroina ~

An accurately weighed sanple Tlas digested under standardized

conditions with petroleuD spirit,boiling dilute H2S0
4
, NaOH,

dilute HC1, alcohol & ether. The Crude fibre content was

estirJated in terns of the loss on ignition of the dried residue

remin:ing after the digestion. (ilOAC7.053) (1.970).
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(vi) Total 3.0lid deternination

'I'o ta.L solids rrer'e deterrriried by evaporating a knownvolune

of the liquid sanpl,e in a tared silica dish on a Ht\ter bath. The

neight of solids left after drying was taken as "G.."letotal eolids

content of the sanple. (AOAC 22.013) (1970)

(vii) Soluble S~~ids deter~~~
'1110 rofr:::.cto: cater rc.."'..("!..il:,-,of "(;1;10 [lc',;-:.plc-r.C'..stziken and

tenperature correotions rJade to correspond to reading at 200C
(AOAC 22.019) (1970) The % soluble solids was calculated as %

solids deberrrined by refractoneter (1OO-b)/100 wher-eb :::% H20 Lnac--

LubLe solids.

-,.. (viii) Deter[rin~~ion of total and reducing sugars

For the deter-rrinat.i.on of total and -reducing sugars, the

Lane and ~onls nethod D..S described by Pearson (1970) izas carried

out before and after inversion. The nethod involves a deternination

of the volune of sugar solution required.to reduce conpletely 1001.

nixed Fehl:L.'1.Gssolution using ne thy l.ene blue as the redox indica tor

for assessing the end point. To obtain the anount of invert sugars

after inversion, the deternination nas carried ou~ on a sanple

hydrolysed Ili th 6.3lJ{jlICL. The total sugar-s rza.s'calculated as

(D1 .•.•.S) wher-e.S == 0.95 x (D2 D1) and D1 & D2 are :Lnverl

sugars before and after inversion respectively •.

'(ix) Deternina tion of Starch

The Lintnersnethod of starch deter-rrinatri.on (Pearson, 1970)

was used. This netho d involves acid dispersion of the starch f'o.l.l.orred

by its polarinetrio estzi.nat.l.on , About 5g sanpl.e Here hydrolysed rzith

hydrochloric acid and the proteins present vrer'e preoipi tated Hi th

5~~phosphotungetic acid solution. The nixture was shaken, filtered

and the optical rotation of tho filtrate observed in a 200 DI.l tube.
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The cnount of sto.rch vae ccLcuLctcd using the I'o.rrai.La % stcr-ch

== 4-0000.
""'Y"D

Vfuere 0. == the observed optic<.l rotction

1 = the Lengtih of the poIcr-Lsc td.on in decineters

D == the speoifio Rotnry Pcuez- of the s tc.rch.

(7-) peter-wine""li.on of Riboflnvin

The f'luoronetric nethod of riboflnvin es tii.rc td.on was used.

.:

The totc.l riboflcwin cs necsur-ed in this nethod covers the sun

totc..l of nutritionnlJy nctive f'Lcvin F.M.N. (Fkvin MonoNucleotide),

FAD (Fl<.!.vinAdenin Dinucleotide) and free riboflo.vin. Ri.bof'Levi,n

Flouresces in liGht of \lave length 41+0 to 5000u. The intensity of

fluorescence is proportionnl to the concentration of riboflo.vin in

dilute solutions. This is the principle behind the nethod of

es t i.na ta.on , EElinin.:<.tionof interferenoe fron other bLoLogi.ca L nater-i.a Ls

tho.t fluoresce sLrri.Lar-Jyis o.cconplished by nea sur-Lng the differenlbe

hefore and i1fter a cherri.cc L reduction of the riboflavin by hydr-osu.l>-

phite. The sanple is ec.rlier incubated overniGht at 3SoC in

Trichloroacetic acid (2C1"b TCl~)to hydrolyse all FADto neasur-ab Le

Flm. The procedure giv8...nby Bessey et 0.1 (1949) .uas followed.

(xi) Deter-rrinatri.on of Diastntic POller in Malt Saupl.es

The procedure for diasto.tic pouer deternination as described

in the Officic.l nethod.s of lillaJysis of the Association of Official

Agricultural Chern.sts (Ji.eO.A.C. 1.0.099) (-1970) \'HlS used. The uethod

involves extrc..cting a eround sanpl.e of the nal t '\~rith O.~%NaOl
osolution at 20 C, digesting a starch solution IIi th a diluted SEmple

f'r-ora the filtered infusion for a period of tiDe and deternining the

reducing pOTIerof the digested sanple by the ferricyanide Dodifica-

tiona 11 blank doternination was carried out to correct for

reducing power' not due to the activity of t he 001t aqy Laae,
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.'ll-IE TR.b.DITIONALl;1E'I'HODSOF l~J;T BEVERAGEffiODJ!CTl9E

The use of maize in the production of cereal bevera.ges is

concentrated i-n the Southerrl part of Ghana. Erou the findings of the

aurv ey and other available evidence, it is only tl1.eGa 1..dangrle, Elle

and Fanti ethnic groups living along the coastal areas of the courrtry

rzh.i.ch indUlge in the production of the beverage. This has aIway s been

on a snaLl, scale and it is mainly the womenfolk who take up the trade

in addition to their ncr-naL household duties as -.mil as some other

full time trade. In almost all cases the production of the beverage

~as inherited f'r-oma great grand mouher-, t~lrough the grandmother and

mother•

.-
The follo\!ing paragraphs give a detailed clescription of the

differen t met.hcds used in the various areas.

The riDin pr-ocessLnr, s-l;ops of na.Ltins, raa.s h.ing, and boiling

are essential steps gone tl1.rou[,hby all producers contacted in the fbur

regions. However, the detailed technolocy of each step differ f r om

one producer to another. The difference gap becomes wider when the

producers beLonr, to sep..trate ethnic groups.

In addition to thene differences, it nas obsorved tl1.at the

group of producers belont;ing to t.he younger' generation use simpler

forms of the ncthnds empf.oycdby t:leir older connter-par-ts , The

s i.npLer- methods, incidentally, give poor quality products as far as

r-esuLcs of sensory evaluation and consunor- preference tests or'ganLsed

in the fielcl are concer-ened, TIlln shorts that the tine - consuning

process used by the older producers has its orrn merits as rec;ar<ls the

quality of the f LnaL product. Their process, it was learnt, is nor-s

representc.tivo of -clle one used by th0 ori[)i.nal producers.
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The various raethods obtained I'r-ou this survey are therefore

presen ted such t.hat there is one representative procedure in. each par-ta.cu.lar-

area for:

(a) The conpl.i.ca ted process used by the older producers.

and (0) Tbe siDpler process.

Tho methods are as fo11o"\'Ts:-

I. GREil.TERACCP.b. REGION

ME'L'HOD (A.l

Malting:

Selected nashed naize grains are steeped for exact~ 24 hours

in Gooddrinking watcr after rrhi.ch tiDe they are removed Cladspread on

a cenerrt floor to gertrinate , b. soaked sack is placed over the crains

to prevent cur-f'r.cc dessication. To ensure ava i.Lab.i.Li,-W of moisture to

the grains during gernination, rrater is sprinkled on them each morning.

This is carried out for 4-5 days. At this tiLle the acrospire is about

6cn in length.

GerLlination is' fol.loued by sun-dryil1G on aLlumizmum roofing
" .

sheets or any similar raatcr-La.L for 3 days Sfter rrha.oh .c i.methe maLt is

thoroughly dried. The driod naLt is stored and used when required.

Gril1dinf.0 1iashin[:I.J¥ldBoilinb

The d~ied waIted grains are [ullod co~ely in a: disc attrition

Dill and the flour obtained is nixed vri th cold T"iD.torto form a thin slurry.

Salt is added and boiled for a long period of tiLle inth constant stirring.

The precipitate is alloFcd to settle. The liquid portion is decanted and

cooked again , Sug-ar and carane Laz ed sugar are added as sweetenil1g and

ooLourdrig agonLs respectivoly. 'I'h.i s product is known as Nuadaa (ca ),

The precipi to.to is the by-product vzh i.ch is also cooked. It is knO\.'11as Yolo
(G<:1. ). The shelf-life is noz-rzi LIy 4 days.
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FL01} DIl,GRlJi FOR IINl,il.J)Ll.H PRODUCTION IN THE i-,.CCRA DISTRICT

.•. l~ETHOD ~A) EETHOD (B)

SllLT

DRY rl.i'J:ZE
.L

STEEPING (24 Hr-s ),
~:

G-ERl'.'iIN.:.TION (4-5 Days)

i
GREEN t'-:J.LT

t
SUN-DRYING (2-3 D3.Ys)

t
NiILLING (COIJtSE)

¥
COLD 1.7.ATER "7 IviJ.SHING SUGAR, SALT &

_ "- ~ COLOURING
BO:::r,UTG (3 Ers) ~ '.:l.\ BOILIIlG (3 Hr-s )

~ t
SETTLING (45 r,Iins) SE'lTLIl'TG (45 Hins)

t ~
DEC1J'ITING DECJJ-.TTING

I I, r---------~----; I I ,
SUPERNl.TLNT SEDINEtTT SUPERl'J;"T':~NT SEDUlENT

I ~_.r t
BOILiNG (2 Hr-s ) ,-I ! NrJi..'J)hL . \ YOLO J

, '" II Nl\ifJ)M~

SUGiul. &
COLOURING
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ME1'HOD eBl

Malting:

TIlls processing scep is siilllar to the one described in (a) above.

Grindin r; • Ii.lash:in3...E1.9-Boiling

The naLt is Dilled and a thin slurry prepared by nixing the naLt

flour 17ith cold Hutor and the nhoLe nash is boiled for about 3 hours with

constant stirrinG to avoid boiling over. CarQJJ.elizodsugar , salt and

sugar are added, It is then allowed to settle and the supernatant

d.eccnLed as Nnada, and the precipitate left as the by-product, Yolo.

Shelf life is 2 to 3 days ,

(B) Ani •. ,L'll]]) SURROUNDTIiG i..REb.S

Maltinii.~

The first operation is rrinnovririg to r-enovo light corrtarrinants ,

The selected grams are then vra ahed and steeped for 24-36 hours depenciing

on the hardness of the grains. They are then spread evenJ,y on sand,

vratered and covered TIith paLn br-anches, They are sprinkled ui th 17ater

3 triraes daily for 3-4 days after which they are uprooted and sun-dr-Led,

Then f'o Ll.orrs a process rrh.i.chdevelops colour in the naLt, (a br-orzn.ing

process). TIllS involves storinG the dried naLt in basket; cover:ing it

Hith thick sacks and loading tho v.hoLe tr..:i..ng nith heavy stones. This

set up apparently generates Doist heat to accelerate pronnine reactions.

Tills is carried out for 3 days ancl the process repeated once TIore for a

day. The bronned na.Lted gra ins are then tmroughly clricd and stored

m basket for at least six days bofore use.
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::.. :::d.xture of aged uaLt; and freshly dried naLt is r,ulled

G-rindi.s."1.1?jz Mashi.s.."1.5and BoilW.J:i

coarsely and sieved. The flour and the chaff are uixod separately

ni th ccLd wacer- and kept in pots to stand for sane fow hours.

The chaff uixture is boilod \lith continuous stirring nhile adding

the flour slurry in s:~'..ll aIDOunt.s at a time.

DC-Sll.is conpld;ely br-oun .in colour.

By tlus tzirae the rrhoLe

Cooking is ccntinuecl for 8 - 10 hours after rrhi.ch thw the

cooked Dash is kept in pots till the follol!int=, day .-;l1enit is boiled

again and sieved to renove the chaff vha.ch is discarded. The filtrate

(knoun as Nraad.aa) is noro.ally expected to be br-orrnothervzi.se a snail

aDount of caraDolizod sUbar or roa~d flour is added to intensify the

colour. Sug;:tr is added to taste only t.hcn it is about to be consuned.,

No salt is added.

Shelf-life is over 10 days rrichout sugar- and 4 - 5 days

nith sugar.



~
HiiSHlliG ~1U'.•.sarxc

t R:ES~nJG (6 Hrs)

~TING (6Hrs.)1 Boi~nm(8-10 hr-s )

I i/ 'vDECANTDiJG 1. 'STO~ING (OVER NIGHT)
~ I ! BOILING (1 Hr.)
I ! ~ I.

CHL.FF BROWN' ~ T

DISGlJl1)ED SUPERL'IhTLU'l"T SIEFll,G

f
FILTRATE

.-

DRY GRaTh1l

+WTIrrrOvaNG & iJASHING
f

STEEPllJG (24-36 hr-s )
t

GERl,ImATTI.JG (3-4 Days)
(ON roo SlU'ID)

~.

GREEN MALT
~/

DRynrG
l-

iST BROvlNn~G ffiOCESS (3Days),J,
DR1JrG

•••
2nd BROl"mnJG ffiOCESS (1 Day)

~
DRYING

,!.
I.iILLmG (COi,RSE)

{.-

SIEVTIiJG
-"j

CIiliFFFLOUR -/' PiffiT ROil.STED
(BROY/HED)

GOLD
WATER

METHOD (B)

DRY GI...:..n~s
~,r

STEEPING (24 Hrs)
~

GEID:ITIIJATIPG (4 Days)
(ON Y,lET SAND)

~
GREEN MALT

t
SUN-DRYllm

t
rULING (COARSE)

COT..]) ~
. MASHING',oUTER. {-

BOILING (3 Hrs)
~

STORlliG (ovm NIGHT)-J,
BOILTI'l"G (1 hr-,)

i
SIEVING

.- ....,. ...•..---~----- -_._-: ,
FILTRATE ffiECIPITATE

!
DISCARDED

SUGJill.
\i' .;

NMil.DhA I,,---_.,

I
ffi:EX:; IPITL1.TE

~
DISCARDED
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METHOD (B)

This second procedure eupLoy ed oainly by the younger producers

ill the 1.dD.district is sLrri.Lar-to oethod (a) described for the 1..ccre

district. In this co.se, honever, there is no addition of salt and

also tho sieving iB. dono after the second boiling to get rid of the

chaff. The filtrate is Nnadua , Sugar is added only rrhen ready for

dr-inking,

Shelf-life is 5 days '.7ithout sugar and only 3-4 days when

it contains suger.

II VOLTi;.,..lhEgON (SOUYBERNPLRT)

(1,. ) KETLl ill .§JdBB.•QJJl':D1!'LG i.REl.S

Method (A)

.- Ran grains D.re steeped for 24 hours after winnowinG and thorough

vza sh.irrg; The Grains ar-e spread on sand, wa tcr-ed and left to ber~-inate

for 4-5 d.ay s \lith daily n8.tering. They are then dried thoroug'1ly.

Then f'oLl.ovs a br-ovm.ingprocess si.rri.Lar' to rrhc t obtains in the

L.da district me t.ho d (a). The dried na Lt gains are packed in sacks

and heavily loaded VIith stones for SODe days. The aGed maLt is then

nixed rritL'! SOLlO freshly dried eanp Les and coarsely goun,d in a dise

attrition oill.

~~~[:; and Cooki£G

The naLt flour is Dashed "'-lith cold water arid a.ILorred to settle

after which the supernatant is decanted off and added i.ri sn.1.11sraounts

at a tiDe to the sed:irJ.ent wh.i.Leboilin[:,~ Boiling is continued for

about 3 hours and the boilecl reash a Ll.oved to cool. It is then de canted

and tho liquid portion collected and sve etened with sugar. Sone

oar-ane Ldzed su gar' is also add ed to intensify the colour of the beverage.

This is known as Liha (Erre). The sedinent is used as poultry feecl.

No salt is added.

Shelf-life of the bever-age is 3 - 4 days.
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FLOW' DL.GILJvl FOR THE PRODUCTIO r OF "LIlli •." IN 'Il->:E KETl~ J.lillL

l\ffiTHOD (A)

.-

DRY j':;LI ZE GRJJ:NS
t

VlINI\fO"TING& -7J-llHING
t

STEEPING- (2l:_ Hrs)
~

GEIDHl'JLTING (4-5 Daya)
4-

GREEN Lil.LTJ.
DRYINGJ,
BROYINING PROCESS (3 Days)

•••GREEN ELLT-.>lHXING & MILLING--~-./ U~SHING,

EETHOD (n)

DRY E':J:ZE GRlJ:NS.J.
STEEPING (21:- Hr-s )

~
GEPJHNi-iTING (4 Days)

}
iFIASHING & DRYING

~
I\iILLDTG

I
SE'ITLING & DECJJlTING

~l------------~L-- ~
f

SUPERl\rATi~TT SEDHlENT

..~------------------~ ~BOILING C3 Hrs)
}

COOL~~, SETTLING &
. DECIJ'JTING

.---- 1,.-: -0, ,
--~--».,?> SUPERNL.T1-1JT SEDB':ENT

~ t
BOILING (2 Hr s ) .Al'ITILtJ, FEEDJ _

S'.1EETENING &
BROi!NING

It

,--- ilLIHL" __i
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~od (91

Ran grn.ins are steeped for 24 hours arid floor naLted for four

days rrhi.Le sprinkled w.i. th wate r each norri.lng, They are then dried

thoroughly after wash.ing; They are then stored and Dilled when required.

The oalt flour is .iaehed vith cold rratcr- and a.Ll.ovre d to settle. The

rrixtur-e is t hen decanted and the sed i.nerrt boiled and rrixed vzith the

supernatant rrhi.Le still boiling.

l...fter about 3 hours I bo.i.l.ing, it is cooled and allowed to settle.

It is again decanbed and the superna tan t cooked as "Id.he" SUGar and

carauelizeu subar are added. No salt is n.dded. The sediIlent is used

for poultry feed.

.- Shelf-life of the bever-age is 2 - 3 days •

.. (B) SOG£J<:OPE i~~~'D~n{G i.RF,i.8

There is on~ one processing procedure co~~n ll1. this area.

Ran nad.z e l;,Tains are steeped for tW"O to three days depending on the

hardness of the trains. They arc then packed in baske ts and sprinkled with

water three tiu.os daily for four to six dEWSafter whi.ch period of tiDe

Gernination Di[)lt have taken place. The Ger;-.1inatedgrains are thoroughly

dried.

GrindillGz Nas .in£...and _Bo~lll~:il

The dried L18.lt is Dilled coarsely and Dashed Hith 00 Ld water , This

uash is left to rest for three days after which it is cooked for about

tr..ree hours and si.ev ed to separate the chaff f'r-orr the liquid portion.

This is diluted v.ith nor-e rrater-, svreetcned nith sUGar and coloured rrith

car-aneLi.z ed sugar , Th chaff is discarded. No salt is added.
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;

DRY GI~.INS
~

STEEPING ( 2-3 Days)
J.,

GERJ.:I:rN....TTIifG(4-6 Days)
(D~ BL.SJOO)r
GREEN MbLT

~,
SUN-DRYING

~
MILLING

~
COLD -}L.TER =~.---~)-ML..SHING

i
f

IUGERIi'-G (3 Day s )
\1,

BOILn~G (3 hrs)
~

SIEVTIifG

I

.•-

- -'-j
SEDD!iENT

~
".lL.TER DILUTING

1...___--' I
. it

S\7EETENll!G & COLOT..IR.TI·~G

,t
DISC1,RDED

L LIlli 1
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-,
(s ) GiU'E COL.ST..cllFL,

The two uethod s erap.Loyed in t:1is area are not very different f'r-ora

each other. The only difference is that one involves a tlro s ta g,e

nnltin;; process box (or basket) naLtzinr: for 3 days f'oLl.orredby another

3 day period of floor raaLtinG~ as acainst the other siDpler ne thcd which

involves a single sWt;,Gbox r.ia Lting f'or three to f'our days. The

subsequent processes are all quite s i.rri.La r-;

Method

Hal tin£:

Selected rail ouizG grains are steeped in ;mter for 24 hours. The

steeped Grains are packed in boxes or baskets and covered 17ith Het sacks

to Gernll1ate for three to four days whi.Le sprinkled daily ",iith vra ter-,

In the other nethcd , after this staL.e, they are renoved and spread on

polythene sheets on the floor and covered HUh ncr-e poly there oaterials

for another ['1B.ltin;; period of three days ,

The 2,erDinated Gi~ains are t.hen sun-dried thor-oughly and stored

for use.

The dried r:13.1 t is Llilled after "ashinG_ T1 e naLt flour obtained

is nashed rz i th cold nater to f'oz-na thin slurry and boiied for about

three hours with constant stirrlllC. The boiled cash is .cocLed and sieved

serially. The precipit:te is washed , sieved and fre filtrate added to

the first one.

This is boiled for several hours. It is then stored till the next

day when sugar , salt and car-aueLi.z ed sugar are added and boiled aGain,
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FLO-:r DI1.WJ'.i FOR TirE FRODUCTION OF "iJlEI" n~ THE
- ~PE COL,ST I-J:'tEh-~~---

DRY GR1...INS

~
·,7lliNO\"\'llTG-

~
STEEPnm (24 Hrs)

.~

G-ERJI.IIN~.TmG (3-4 Days) ~ FURT"rlER
(IN BOXES )~- GEEWIrn..:~TING(3 Da;ys on

l' floor)
GREEI-I HLLT

t
SUN' DRYING-

t
MILLllIJG

~
lilb.SHING- & BOILING- (3 Hrs)

\l
COOLING- & SIEVlt''JG-

___----l-
I

ffiECrPIT: ...TE
.v

-\1l•.Sfrnm
t

SIEVING-
-r-r ----~---i

CHi~F
l

DIS C..:.R.DED

-=---j
FIL'i'.fu •.TE

. I

~I .

BOILING- (4 Hrs.)
~

IilRGERllm (1 Day)

~
S':iEEl'Ei'Jll~G & COLOURING-

t .
BOILli'm (45 -,1'ins.)

~
COOLING- & DECL..NTING-

i:
SEDDmNT

-- I
SUPEPJ-Jt..T.b.NT

-~-L-EJ\ TUE l
,-------.:.
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The beveraGe thus obtained is decanted to renove tbe supernatant

which is the 111J1.eiII (Fanti) f'r-ora the thicker by-product known as "Tuefl

(Fanti).

Shelf-life is 4 to 5 days.

There is only one method connon in this area r.hi.ch is acc.la.iraed

tho nai.n h.hei production centre in the whoLe 6entral Regi.on,

~:

,-

Ran uai.ze grains are steeped for 24 hours and spread on the floor

covered rTi tl1 polythene nater-i.aLs for seven days tzi bhout a:ny rraterinG.

The rootlets are disentanGlC:ll and packed in baskets and left to dry as such

for about five days.

The dry oalt is IJilled in a disc attrition mil to obtain the flour

\7hic~1.is uashed rrith cold rla-cer in a Lar-ge dr-un and alloned to settle.

The supernatan t is decanted and added in portions to the aediuent rrh.i.Le

boi.Ldrig the latter and stirril1.g cons tan t'ly , BoilinG is continued for

about three hours after rrhich tjJ.1e the boiled rJash is allowed to settle

and decanted. The supernatant thus obta ined is cooked as .b.hei \lith

salt and sugar- added to -caate.

The sediuent is sieved to oet rid of the chaff and the thick

filtrate is cooked as "Tuell the by-product.

Shelf-life is about four days.
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DRY GRf.•rns
oj.

STEEPING (24 Hr a, )
J,

GEl.{;vIDTLTllJ"G(7 Days)
~.

GREEN H.•:..LT
t

DllYD'l'G IH Bi•.SIOOS ( 5 Days)
~

rI1LI1'iJG

+COLD IDTER ---.0,..) Ml~SHllJ"G

t
SEl'TLllJ"G & DECi•.nrrrc

I
!

SUPERNL.T1.NT
I

SED HiENTt .i->:
BOILD'l'G (3 I-lrs.) e:

~
COOLllJG & DEClJiTING

I ~l _
I

SUP.ERNhTQ'IT

~
BOILING (2 I-lrs.)

t
S-;lEETEl~ING &
Sll.LTING

-1

I

SEDIlVIEl\1T
t

S lEV JNG

------1
THICK FILTRLTE

t
BOILING (2 Hrs.)

,
ClliJ!'F

~
DISCbJ."WED

lillEI t
\
'I'\-TtJE
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~'ESTEn.N REGION

.. (1..) S,EKONDI l...R.E'A

The tTIo cethods enployed in this area are both quite involved and

one particular procedure is not peculiar to a particular generation.

Method (a)

Maltif!.g:

Selected grains are steeped for 24 hours after winnowing. They are

then spread on the floor and covered i7ith polythene Llaterials. L.•.fter

three days, they are sprinkled wi th rrater- and left for gernination to

continue for a further period of four days. The gerDinated grains are

packed in baskets for three days before sun-d.ryinrj, ,t'.••fter d.ryLng the

oalt is ready for use.

Q.:d£ldinG.Mashinb and Boi1..il1g:

The na.Lted Grams are willed and Dashed with cold water to f'orn

a thin slurry vrh.i.ch is left to settle. The supernatant is decanted off the

sedir.lent rrhi.ch is boiled nhile addirig the supernatant in sua11 portions

at a tine. BoiLirig is oont inued '.vith constant stirrinG f' or- about tHO hours.

The boiled Lush is aLLoi ed to cool after rrhach it: is sieved serially

to get rid of the chaff which is rra shed to get nax'iraun separation of the

naLt extract f'r-ori the chaff. The conbined filtrate is boiled again for

several hours and. aLlowed to settle overrri.ght ,

The supernatant is decanted and cooked vzi.bh sugar: and salt added

to ta ste • This is the fllliei II • The sediuen t Le ft after decanting is also

boiled to give "I'ue " which is thicker in consistency than the 'Jiliei"

Shelf-life of this product is about four days.
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MethodJ.9)

Malting:

Dry ra i.ze grains are steeped for 24 hours and spread on polythene

oaGs and covered to pr-evenc excessive noisture loss. They ar-e sprinkled

vzi th water d.a.l.Iyfor five clays, after which period 'clle g er-rrinated gains

are sun-dried -choroubhly.

The dried naLt.ed grains are Dilled and raade into a -cluck snooch

pasue which is poured into boiling water and Dixed well by vie;orous

stirring. The r-esuLt.Ln., thin sIur-ry is aLl.orredto settle and cool

Gradually after addition of caranelized sugar. The supernatant is
" \decanted off and boiled rrhi.Le r-enovinr, sraaLl, portions at a tic,e into

another container. SUGarand salt are added to this and cooked abain.

This is the "il.heiII. The sedi.nen-c is sieved to r eriov e .the chaff, and

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

Shelf-lifo is ti1ree days.
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!.1.QIf DIi~GR1J.i F9R "lJIEII1 FRODUCTION llJ tHE _SEKONDI )~..El.l.

M.ETti0D (11.)

DiU GRi.llJS

f
WINNOVlJJiG

~.

STEEPING (24 Hrs)

t
GERlYIINi.l.TTIJG(7 Days)

(FLOOR)
J

GREEN Mi",LT

+l •.GllJG (3 Days)

+SUN-DRYING-
tMILLING-
\

COLD "lATER -~MilSHD'l"G SErTmNG & DECiiliTTIJG

~ I ~
DECl-l.1\1TTIJG SUPER1~Tb.NT SEDThIENT

I

DRY GRi.lliS
~I

STEEFllJG (24 Hrs)

~
GER11TIJATING (5 Days)

(FLOOR)

~ ~,i.\.LT

V
DRYTIJG & MILLING

~
HOT YUd'ER ~ l'li.t..SlITNG

f
BRO\"lN]]\]"G

t
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(B) ~

Tho no thod used in this ar-ea is believed to have origillated f'r-ora

Elrrina , There is horrever , sene difference betrreen the tHO nethods , This

LJ8.yprobably be due -ColonG period of separation.

IYIa1 t~fi. :

Maize [,'X'D.i."1Sare steeped for 24 hours and packed in baskets Hith

plantain leaves for one day to illi tia te semination. They are then

floor ualtecL for a period of four to adx days. Tho gerLunated grains are

sun-dried thorouGhly and stored for use •

.-

; The dried ii1alt is filled with SOLlefresh ma.Lb, 'I'he fresh naLt

is believed to sweeten the vrhoLe Dash. The naLt flour obta iried is oashed

with coLd rrater- and boiled several hours w i th constant sti:rrin~ The

boiled Dash is a Ll.ovredto settle and decanted. The superna tant is

boiled aGain and salt added. The sedinent is

sieved to renovo tho chaff and the thick filtrate is cooked as the

by-product "Tue"; Salt and sugar are added.
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INITIATION OF G-ERIvlIN••.TION (1 Day)

Ir
G-EPJvIll\lf.TING (4 -6 days)

(FLOOR)
+

GREEN lVill.LT
t

SUN DRYING-

~
GllEEN MALT ADDED -- -'" MILLING
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COMPOSITION OF SAMPLES FRO:1 TRiillITIONi'J. BREI/ElS

Results of laborato~ analysis of s&Jples of the final and

internodiate products froD tile various reGions visited are shown in

Ta.ble 1 and 2. The Diastatic activities of the 1:.18.1t sanples (Table 1)

r-ange f'r-cn 5.3 to 30.9 with the s anp.Les fron the Rreater Accra and

Vol~, ReGions having the highest diastatic activities. In general

agine; the nalt reduces the diastatic activity considerably. For example

the fresh na.Lts rr-on il.da had about 300 diastatic activity as against that

for the corresponding aGed saup.l.cs nhich is in the neighbourhood of 200
•

A decrease fron 6.02 to 5.270 was also observed for the fresh and aged

sanp.l.es f'r-on Sekondi •

."
The riboflavin content r-anges f'r-ora1to 2ud g aarap.Le , The value

for rav ra iz e (1.1 ug/ g) shovrs that the nalting process by the tradH;ional

brewers effect sene increase in the riboflavin content. HOfrever,

a proper ra Lting process could have caused. a higher increase.

For the other conponents such a s protein, Fat, Ash, Crude fibre

and the carbohydrates there Has either increase or decrease during naLtdng

in all tile sanplesJ but the degree of increase or d.ecrease varies froo

sanp.Le to sanpl,o depenciinGon hovr well the process was undertaken.

,..
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TlillLE I

CQI,iR)SITION OF nIi~IZE llih.LT FROE Viill.IOUS TRJJHTIONilL BREWERS~ ===--

Moisture

.-

°Diastatic 1.c:tivi ty

Riboflavin (ud g)

Protem (1b)
Fat (1~)

Ash (%)
Fibre (%)
Starch C5'~)

Sl;.MPLES

1 2--,-;-T 4 5 6

23.55 I 12.70122.74
1
10

•
73 12.76 123•90

6.02 5.27 120.84 30.93 12.62
1
21

•
02

i 1.72 I2.09 I 1.17 i 1.3b 1.51 1.82
12.55 12.91 110.65 11.57 7.91 i11.56

I 3.33 2.9-j 2.92 I 3.47 3.11 2.50

I 1.63 1.94 1.92 3.36 4eE9 2.50
1.28 1.14 , 1.·42 1.05 1.18 I 3.29

56.37 50.97 -57.73 .61.38 51.58 62.42
11.55 9.34 12.36 7.89 f 12.15 9.46
10.32 8.83 9.16 6.81 11.69 9.20

Total Sugars (%)
Reduc ing Sugar-s ~~) _,

----~~------~~--J~~~----~---I~·~---j-----• Apart f'r-ora nod.s tur-e , all values are given on Dry vleit;ht Basi.e ,

Sanple t = Fresh Malt frail Sekondi
II 2 = Abed Malt fr on Sekondi

" 3 = Fresh Malt f'r-ori Keta
11 4 = Fresh M'1.1t f'r-on Ada
n 5 = .b.[,edEal t f'r-on .b.da

n 6 = Fresh Malt f'r-cn Accra.
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COlYiPOSITION OF ML.IZE I3LV£1."1J.;.G-E FROM Vi.RIOUS TlliillITIONb.L
- BLillf<'ERS

---=- -=--- -
S 1~M P L E S

1 2 3 4 5

Protein (gl100wl) 0.81 1.06 0.19 0.81 0.27

.il.sh (gl1.00wl) 0.01 0.55 0.01 0.63 0.35

(gl100nl) * Ii<
Total Sugars 7.45 3.43 0.45 2.66 2.60

- * .-.
Reducirig Su[:;ars (e!100ul) 4.73 3.28 0.38 2.51 1.20

- Starch (f!i100Dl) 3.25 3.46 0.87 1.41 1.20~

Soluble Solids (g/1000l) 12.l~ 11.72 1.12 7.21 4.50

Total Solids (&'1 00r~) 14.00 12.80 3.40 9.00 5.50

Riboflavin (ug/100"!....1l) 2.33 3.65 1.13 4.13 2.53

I
,)

* No sugar- added

Sanple 1, = iihei fron Sekondi

" 2 = Tue frou Sekcndi
n 3 = Lilla f'r-ora Ke ta
II 4 = Nrnadaf'r-ori Ada
tI 5 = N!.J8.dafroD Accra
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Analysis of the finc.l product ShOHSa ride range in the various

values (Ta.ble 2). The protein corrtent ranGes f'rou 0.2 to 1.0 g/100nl

ash - 0.,01 to 0.6 r:!100Dl, Starch - 1•.2 to 3.5 g/100D.l and Riboflavin

1..1 to 4.1 n€!100wl. The level of each cooponent depends on both the

na.Ltine and brevTinc;processes.

;

:B'orexaupl.e .in the i .•da. d.istr-Lct , the riboflavin content of the

ra Lt is quite Lovrbut because of the elaborate nethod of extraction,

this vi tarai,n is quitel:iGh in the final product. It was also observed

tha t although no susnr Has ad.ded to the product f'r-ori,Ada, the results

of Labor-ct.ory analysis and tastinG i§J.Vea high sUGar content (2.66 gl100

ill) .zh.i.ch is even Dare thm1 that of the L.ccra sanp.l,e I,nth sugar added.

This fL'1.ding is of a c;reat interest to this study since it can be

directly related to tho high di.astat i,o activity observed in the naLt,

saupl.es f'r-ori this district (Table 1). Diastatic activity is a neasur'e

of the activi t:f of tl1.8 a;::;trlaseswhich break dovrn starch to siopler

sUi.)ars•.

On the whole, however , the nutrition benefits of the roa Ltzirig

and brewinG processes are not reflected in the final product due

probably to the :ll1-efficioncy of the nethods euployed. For exarap.l,e

to get half the r-eoonnended daily intake of riboflavin (PassLlore et a.l.,

1974) one will have to consune as ouch a s fifteen li tres of the riaLt

beverage aarrp.l,ef'r-ori;~da, and hiGher anount.s of the other-s ,

(a) General Bl:2.~~Di..9.alChanges during Ivialtin,..g

The riain causative factor for the dor-nancy in dry seeds is the

10\1 noLstuz-e content of these seeds; and for initiation of e;ernination,

there DUStbe an iDbibition of water to hydrate the enzyoes which will

facilitate nobi.Li.aaL.i.onof reserve oaterials (especially the car-bohydr-at.es )

for e;rowth. The i..'1.itial steep:Ulg of the dry oaize grains is therefore

an essential process which effects this rapid uptake of water.
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Table 3 gives the observed changes in noi.stur-e level during

steepinG and Gt:lrL:UlCl..tionat 280C. nfter an initial rapid nater

absorption, there rra s a sradual increase in the uo i.stur-e content

t'U'out,hout the Ger::::il1.ationperiod. On the third day , there ':las a

sharp :increase in the no i.stur-e
~1&..-1.

C1-IiJ:iGES ll'J MOI8'l'UllECOHTENT
DmmJG STEEPTIiG' & GEH1;Im.i~'rION
- --- 1.
Di..YS OF
GERlI'IINi•.TION % MOISTURE

.-

o (Dr-y raai.ze )

o (Steeped " )

1

2

3

4
5

12.46
34.85

36.33
41.98
58.46
58.10
58.15

level probably due to the appearance

of the young coleoptile and

coleorhiza tissues ~hich are turgid

and conta.in hic;h noi.stur-e, The

reduction in the no i.stur-e content

on the 4th and 5t11 clays could be

due to excessivG tTanspiration at

that stage of SBrnination.

Conc ern ing the protein content, a slit}lt increase rras observed

in the course of GerLlination as .indLcated lby the result in Table 4.
Apart f'r-or, the pos ci.b.i.Li,ty of certain nouLds on the grains fixing

a trnospheric nitro gen to eff ect the

observed slight increase during
Tb.DLE4

CHANGES L~ 'l'HECRUDE l-1l0TEIN
~NTENT DURlliG GERMI1'JLTIJlli.,nAYS OF
G:F;RMm~TION
o (Ra" Grains)

o (Steeped " )

1

2

3
4
5

% CRUDE
ffiOTEnJ(D~l\i.li. )

10.G5

seraina tion, there is no 0 ther

biocheLucal Beans of increas~g

the tctal nitrogen content of the

gains. The enzygi.c breakdo ..•vn of

enclosperoal protein to arrino ac.i.da

and arri.des f'oLl.cwedby pr-ote in

synthesis as reported by Young et

aL (1960) is onIy bound to change

the ratio of insoluble endospernal

proteins to soluble nitrogenous

cODpounds. The total nitroGen content should however- r'era in the

10.99

11.74
12.83
U.23
13.81

sane. if not less as a result of snaIl losses incurred durinb leaching.
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Table 5 shovrs a t:,radual decrease ill the fat content dur-ing tl18

gorm:ination period (Pr-ori4.3% to 2.98%). This is not unexpec tcd since

the fa ts are 1o.10,m to be broken dorm dur-ing Germ.nation by the actL on

of Li.pases , These enzynes, acoor-d.in., to tho metabolic process, attack

gW.J~DJ JIG. Fid CONTENT
DURTIiJG GERl\iIN.!-l.TIOIJ

IlhYS;~ I ~~FAT
Q.ERlUl'IAT10Rf (my~
o(RaTI) I 4.31
O(Steeped) 4.24,

1 l 3.74
3.522

.- 3

4
; 5

Toole at

3.30
3.00

the bonds be trreen the fatty acids and glycerol.

~1.e Glycerol lilherated is p:lOsphorylated to

Glycerol phosphate by the aotri.on of the

enzyme clycerokmase and later to p,yruvic

acid TIhich enters the Krebs cycle for energy-.

The fatty acids f'arid their fate .in a beta-

oxidation vzhe.re they are peroxida tiveJy

decc.r'boxyLa-ted, These reactions eventua.Lly

end up in ener-gy production +hr-ougha series

of oc-t;2.Dolicprocesses. The observed decrease

in the fat content during sernmation conf.izmed

the observations by other vror-ker-s s uch as

al (1956), h:alhort<l (1934), Dure (1960) and InGle et al (1964).

The fibre content rza s f'ound to reduce slit;htly dur-irir, the first

day of Gormination and ·chenthere lias an .incr'ea se thrOUGhout the 5 clay

ger~ation period (Table 6). This Lnitio.l decrease i':li!Y be:. c:.uc'c2'the

action of the onzyne cellulase nhi.ch degcades cellulose :Ghrout;h

oLi.goaa.cchar-Ldes to cellubiose and finally to Glucose urri.bs, .b.lso, the

action of t he enzyme cytase in the l1ydrolysis of tho hemicellulose to

siuple sUGars such as xylase, arabinose, Galac~ose and L~ose,

contributed to the decr-ease , Cellulose and herai.ce.Llu.Losc are the tllO

raain fractions of the cell Hall constituents. In the course of gernmation,

horrever , there is a rapid. syrrthas i,s of these cell nall constituents f'r-cn

sugars. Host hexose sugars are knorm to undergo a direct conversion to

cellulose. Eventually, the rate of anaboLi.sn overCOL18the catabolic

action of the enzymes; and hence the increase in the crude fibre content

of the Gerr.tinatil1i'; Jains.
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;

11.S shown in 'I'abLo 7 be Low, there was a sliJlt increase (from 1.39% to

1.8~)in the ash content of the maizeTABLE 6~_....- __ .....-:::....e .•.•

.•..

nays OF ~'~ CRUDE
Q]B.I,mIil. TI01i~~ ..••F"",IBREJm.'ill..L
o (Dry Grains) 1.47

O(Steeped n ) 1.Lf-6
1

2

3

5

1.43

1.47

1.66
1.89

2.20

The sli@1.t decreases during

steeping mGht be due to

exudation of some Dinerals

f'r-ori the Jains L'1. to tho

steep ,'later. At this

staGe, there Has no active

gronth and the cells Llibht

not have any need for absorption

of extra minerals.

dur inr; germination. Since certain rrine ra Ls

are essential to the [,-erlllination process

for the eyrrthes i,s of cell components and the

activo. tion of some enzyme sy sterns, there

coulQ bo ah active absorption of these

maner-aLs from the water sprinkled on the

gerr.rina -Cionda ins.

nAYS OF % ASH
.~1HlliATI(IN Dl~

6, (Dry Grali1.s) 1.39

0 (Steeped II ) 1.28

1 1.54

2 1.63

3 1'.75

4 1'.84

5 1.85
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The most prOJ.-::'.undchanGer, observed dur-rinr; -[;:10 C;erBillation period

Table 8 and 9 be Lorr .ind.i.ca te a progr'essiveoccured ill the car-bchydr-atcs ,

sUGars.

decrease in the scar-ch conten t wi,'th a cor-r-e sponddnr, increaso .in tm
These chan.je s arc also Linked up nith the .incr-ca emr; diastatic

activity observed ill -elle L,orainatin:g [;rains (Table 10).

CII.b;l'I9-}SlJJ 'l'lill S'EARCII CONr_L'EllT
DURING-G-ERMllffiTIOl-

~ -
DAYS OF I r6 SThllCH
~Jt'U.TIOl'L--_L~ml

o (Dry Grains)· i 79.16
!o (Steeped II ) i
~

i
I
I
I
j

1

2

3

5

Starch is nor naLly broken

dorm by t,m hydr-oIy tzi,c enzymes

a.Lpha aqy Lase ana. beta 2.qylase

78.67
77.42-
76.70
&3.29
60.1,9
54.25

,!hBLE L
g}!F~ HL11i}2-..:rOTAI,!..:,J'ID RJg)UG1.£IiiE.-u:.~

CON~2!1.JlURn ~ GEEU,I]£Ji.TI.Q!i

DAYS OF GERMnrAT~ ;-;TAL S;~S i·~7c~;-GARS
- . (m~) -t~(DMB)o (Dry Grains 1.01 0.18

o (Steeped" ) 1.00 0.20
1.50 1.01

7.30 1.30
7.11 4.94

15.41 12.38

18.82 16.22

1
2

3
4
5



It is these enzyraes vrh.i.ch ['.1'(; r-ospon s LbLo f0r tho .incr-ec s in., d:is..".stc.tic
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activity observed in the rr.L t. 1J.pha-~.wlc.sc c.ttc!'cks tho a Lpha-d , 4

Linkar.es of t he starch polyner-s a t z-andou but has no offoct on tcr-rrina L

J.:i.n$£.gesc.nd thoso ",7ithin throe [)ljacose W1its of alpha 1, 6 ]i,""1kaGos.

Bc"~-a~lasc on the othor hand, reDoves successivG r~~ltoso W1its fro~

the ncn-c-educ.inr, end of an alpha - 1, 4 linked chain of either <:'1:\,/lose

or ary Lopec t.in - the tTTO conponen ts of starch. In 1960 Dure reported

tha t only beta-e.Lrj"lase is present .in tho dry s ocd, and t ha t a.Ipha-ery Ia so

o:riginates exclusively in the s cu'toLlura, the orGan bc tvreen the eLlbryo

and the endcs perri, and is secreted into the endospern dur in., GorIJ.inntion

so that, in the course gorninn"cion, those enzymes are raad.e ava i.LabLe in

tho enclospern to effs ct Uw b r eakdown of

sto.rch to nono sa cchar-Ld.es arid na Lto s e ,
CHANGES IN 'rIIE DIJ.lS'mTIC
1I.C'f'..iVYTY:P}llLg~G:[:EiUT:ilbTIOH
D.b.YSOF I °Dio.static
GERl\IINl~12E~_1~G!!Yj:TY (m1."p 1

I
o (Dry Grains)

o (Steepod II )

1

2

3

4
5

1>.closor look a t tablo 8, 9 and 1 ~ reveals

tho.t <irastic chan gcs in diastatic activi~:

starch content and the totnl sugar-s

occu.rocl ar-ound tho 3rcl and 4th days of

[;errJination. This propert-y of the ma Ltrin g

process is of C!.Great inportance to both

the Lndus tr-LaL and trnditional uses of the

2.62

I
I

2.60

3.61
12.90

na i.zo raLt. In ca sc s vrher-o sUGar is
33.25 required .in the f'oz-n of' sucrose, th,in

process provides t:;luCOSQwhich is used

by a coup.Lex bi.ocherri.caL nechan i.en in

45.81
46.20

the production of sucrose. Glucose is ~hosphorylGtGd to Glucose-6-

phosphate anQ part to Glucose-i-phosphate. The latter is converted to

uridino d.i.phosphato glucose (UDPG) .in the presence of Uridine trio-

phosphate (UTP). Sucrose is fornod by oondensat i.on of t he UDPGand

frutose-6-phosphate.

..
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The final pouporient exarriried for changes dur-ing gcr trina tion was

riboflavin. .As shown in 'rablo 11, there was an increase in the riboflavin

content of JGll0 na i.ze dur-inr, unltinG8 At tho fifth day of a:ltint; the

level "as founcl to bo as zuch as four tiLlBS the oriGinal con tcrrt (f'ror;

1.21 uc/g to 4-.93 ui/s). The increase started righ-t; fron the steeping

sW-Geand continued gradual~ till

the third and fourth da-ys wh en there

CPJ;.NGES li'i 'lEE RIBOFr..:.VIN CONTENT
-~~~DUPJHG GERr.mJA'IYoN OF r,jAlZE~~_~~'r_-r··--~
DAYS OF I RIBOF:U~VD~
GERlVIINi•.TION CONTENT

.J?£!B (DMB)

was J. sharp rise. There was then

a s Lorr dov eLopncnt be tvc en the

fourth and fifth:~~ ef Gerrlir-ation.

1

1.21

1.40
1.98
2.60
3.01

As stated in the llltroduction,

Buckholdor (1943) found fourfoldo (Dr:f grains)

o (Steepecl It ) increase III the riboflavin content

4

of corn after 5 to 6 days ger;-:ina-

tion period. This earlier findinG

has boen c ont'arued by tho results of

this study.

2

3

5

Tho results fer tho d.eterulllation of the effect 0 f dura tii.on and

tl)operaturo of s-l;eeplllL.,on -(;l1esubs cqucnt dov oLcpuerrt of r-i.bof Iev in and

diasta tic ac t.iv i.ty arc shorm in Ta.blo 12 be Lcn, As cl.ear-Iy Lnd.Lcated,

the initial steop:L'1.GCOl d.it.i.ons have vOr'J little affect: on tho dovo.Lopnerrt

of riboflavin; and diastatic activiJ~.
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EFFECT OF DURi"TION~:J.~1)Till.iPERAT1Jl?...Ej)F STEEPTIill., on TPill
DIb.STaTle roiJER.-f0f5'1fiDoF':rAVTI'J m,vELOa~'r

THrn OF T§fi;EP~~~'9r'r~-O-D-ll-S-T;,-'~-T-I~C-FO~~--,\~7ER~-~-'T-ER.~-1I"~RIBOFIAVDi CONTENTuf!!gl
Sl'EEPDiG ' TEMPEi?.ll.TDREI GEtU.Ill'U-...TION;~T 28-300e I AFTERGER.lVIn~ATIONFOR .

(RRS.) ~ (oe) , FOR
! •

__ ~~. __ ~ ~;__ ~3~D_ay_s-+~4_D_a~Y_S~~~5~D_.ny~--s~_~rl~-,~_3~;~a~y_.-sj~I~~--._D~~-Y_T-S_-~~5~d-QY-S~i

2.85 I 4.00 4.80 1
2.84 3.97 4.711 r

2.58 4.00 4. 78

4.96 I
4-.88

4.69

4

20

28

37

12

20

~

37

20

28

37

32.57

33.00

44.96

45.39

~4-6.00
i
46.18

!4-5.00

1416
14-6.4-8

14-5.32

32.68

33.85

31.82
r

I
I 33.05

33.87

~32.00

!

42000

4-5.63

4-6.00

42.08

lt5.61
46.10

42.71

46.03

146•52

145
•
16

2.88 4.23

2.78 4-.46

2.60 4.53

2.87

LO'\'1 ter;lper~t,UTes end sl10r-c steeping periods only retarded the rate

of dcvo Loprerrt of those conporierrts 0. little, but the final .nc.Lt
contall1ed aloost the saDe level and activivJ for all cases. This

observation can be exp.la ined in part by the fact that, the soall aCooplo

uood for the laboratory investi2,ation did not take Long to attain tho

D:lltine; teuperature of 28-30oe vrhen r-enoved f'ron a steep t eoperature o:t

20°C or 3fc. i~lso, the ne thod of DD.lti..'1Genpl.oyed pro vided a liberal

:

arioun t of Hater dur Ln., cerDination, and this could r;ake up for the

Lov no i,s -Cure a ttni-ywd durinG C'._.Dmrt·c8 tC9Pi.-:~ p.c:ci.afu _. Tr..c. ycr:iou:fl
biochcuico.l tJ;-c..naf'orrxi t.icns .:~>rc thcroforc,rlOt rotarclo<:...t9 D.._~T. crc-~tc·..~
oxtcrrb.
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(G) In~e~c .•ths.ll.._o~.Sk8p and ~~tion }onperature of Eaize
TIlls deteruination was carried out to find out the over-

riding factor for a Good D:1lt as far as steep and gorr.rination

teL.lpera~l.ures are concerned. Eron Table 13, it can be seen that the

steep te~lpera-t;'clre does not affect the erizy ne and riboflav1n develop-

Dents siQ1.ti..flic.:mtly. It is rather the t:,eruination tenperaturo

nhich actually na t-cers. 1. vrar-n s teep te,~lporature only accelerates

the dev eLopncnt of t 10 conponents a Li,ttlo in tho course of gerLUna-

tion at a cold te::'l~Jeraturc.

EFFEGTOF 'lliE LlIJ'l'ERLCTIONOF STEEP - Ju\JI) GERNINb.TION~
TmlIPE!lb.TURE OF Mh.I!6E OH 'jj-iE DEVELOH,Jil-lT OF RIBOFInVIN

AND DIASTA:rrCAGTIVITY

-
I'

~- "4
STEEP - ,-
TDiPERA- '
TURE (oe) I

r
i
I~

I

I
I

2.0

28

37

20
28

37

20
28

37

GNU,illiATION ii °DliSTb.TIC POrrER iU'TER---, RIBOFlAVIN COl'1TENT
TD,IPrnATURE GliIDillUd'IOH ~R I GERl.iINi..TION FOR

(oG) 3Dh~;'='~YS! 5DJ;S-1~IlkYS " iji)AYS
ft '

(uglg

5DAYS

20

20
20

28
23

28

37
37

37

16.91 !
17.20 I
18.00 I

!33.05 r
33.251
32.80 i
15.82 \

15.70 I
14.101

18.41 ! -18.32

18.97119.55' f'

20.161 20.89

I45.611 46.03
II-5.80! I1-6.20

42.71145.62

17.00 15.27
16.82 14.88

16.57 15,10

2.27 f

2.85 i
2.54 i

I,
2.75 ,

3.10

2.58

4.92

1.43
1.33
1.40

1.57
1..48

1.46

2.20
2.00

1.85
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HOTTever,C'. cold steep (20°C) does not hnve o.:ny-clear-cut effect

on the develaprJ.ent of ti.lO I.J.-1.lt coriponen t vrhen geruinJted a t a hiGher

t euper-at:.lre •

~Jj;i~E2:r~ture

For the throe different na l.til'lS ticuperc tur-es used tu deten:.line

the effect of' tei:.1perature 011 the var-Lous biochenico.l tr8.l1sforhations

°dur in., r-;altLYlS, a teupere.ture of b etvreon 28 - 30 C rras found to be

the best. This in clearrly indicated by t.he r-esu Lt s in 'I'cbLe 14

below.

~J1l 14
!F.E~T OF ~'i1~LT]}JG 'tEl'.1PERATURE ON '1m D:EVElOflrDT'r OF ~TJ.lli.

NNJgllilll)~!Jl\.VIN IN I~IZE

DA.YS OF
GEI{MnTATION TEMPERL'I'URE OF mJm AT A TDi' 'TunE OF- ° i 28°c 37°c 20

0e 280e 37°C20 e- "

O(Dry c;rains) 2.62 i 2.62 ! 2.62 1.20

I
1.20 1.20

O(Steeped It) i 2.53 I 2.60 i 2.61 1.58 1.44- 1.43~

1 I I
3.64 I

2 !
3.53

I
2.93 1.88

t
2.00 ! 1.57

9.74 12.93 10.85 2.27 2.53 1.49

I3 16.91 i 33.81 13•.80 2.77 3.51 1.47

18.41
ij

45.76 ~78~- ! 14.79 3.07 1.52

5 \ 18.32 I 46.23 17.90 3.65 4.86 ' 2.00,
6 00 8 00 ! 0242., 1

In the case of riboflo.vin deveLopnent , however , naLtang 20°C was

found to be not very different f'r-orathe results obtained .t 2SoC. The

production of r-Lbof'Lav.in was cnIy retarded a little. Dnring the .

investisa +i on, it vlO..S 0'0 served thJt serLlina tion started vory early in the

sanp'Ies na.ltcd o..t 3fc. However, the youn., enbryo could not stand the

hiGh t.enpez-ctur-e and consequently, DODtof t herr 'r,i.thered after only 36 hours t

nultinc. ,



This could have a proflund effect on th e overall developnent of the naLt;
oconponents , il. t 20 C, there i"lu.S only 2. r-etar-datd.on in the ro.te of

t;err.rination and enbryo deveLcpnerrt, L.lthou@l the developnont rras sLow,

there v.as no ~rr.rina t.Lon of croHth. With Longer [,BrDination, therefore,
o \!

the dec;ree of deveLoonenb in the 20 C saupl.es could catch up Him that
oin 28 C irhon the latter r eaches its op't.irmrr,

This br-irigs out tho question of duration of [;,ernina tzi.on , FrO!

all previous results, as 1'Iell as those in 'I'a.b Le 14., rapid doveLopnerrt

of both diastatic activity arid riboflavin uas observed in the first four

days (especially betrreen the third and t he fourth days). b.fter this

there Has a very s Iorr rate of deveLopnerrt., In SODecases, there \7G.S 0.

decrease in the degree of eriayne activity as Hell as ribofl2.vin content

.,.. after 'cho fifth day of IJ.D.ltinG• These observacdons show that na iz e

I.JC.ltins requires a cerL:ina'cion period of not less than four days. Five

days GerrJination uay bo undertaken but six days is unnecesaary ,

(e) !1£isture during Iii2.1'l;inr;

Absorption of nater by serr.tinatillG na.ize crains has been

observed in the pr-evi.ouc deterJL."1ations carried out. But to ascertain

the ac-Guc.leffect of IJoist'.lre restriction on the General developnent of

the naLt, a series of parallel I.B.ltinGs 17as undertaken and J.;heresults

shorm in Table 15 beLovr, Restriction of wate r- to the gerninatint; grains

,ias found to cause a reduction in 'cho producticn of enzynos and vitanins.

,
J



~ j 1-
)1 12.45 It 12.45 1'12.4512.62 2.62 I 1.20 I 1.20, ~ fl !
)i 34.80,34.80 U4.80 i2.61 2.61 I 2.61 .1.47 I 1.47I 33.42 i35.73 ,36.80 ,3.00 ,3.34 ! 3.68 2.00 i 2.28i 30.18 i 38.94 ~42.00 ,2.84 I 4.67 !13.12 2.00: 2.52
I 27.65 146.34158.55 12.81 .18.82 b4.66 1.51 2.84-
120.82150 •.12 158.61 ;2.68 33.87 45.80 1.50 3.08 4.75I ·1~.13j54.66 !58.45 12.68 .4-0.63 '46.00 1.51 3.60 4.78
'16.7715'8.63~58.00f2.66 45.76 43.83 ·1.50 4.84 4.27

.~_l - L~~L~-1~~'~~_L.~_-i--~_--..ll--- _

Db.YS OF
GER1JiDIATIOT>

MOISTURE CONTENT
%

RJJ30F1KVIN COllTEI'TT
(udg) (D.M.B)

HEDIUl'.c
LEVEL
I'IIOIS-
TURE

LO"\{
LEVEL
MOIS-
TURE

HIGH

O(~Y lkJ..2c

O(Steeped "

1

2

3
4
5
6

~7ith the hiGh level uoi.stur-e saup'Le there 178.0 thE) usuaL ancr-ec.se of

over 4-00 dic.stC'..tic pover over 8. five-<:l~~ygernine. tion period. The r ibof'Lav.in

developpen t for this sar.ip.l,e increo.sed four-fold. Honever; the 1.'0.te of

developnent in the nediun level noi.stur e snupl.e r-educed ccns i.der'ab Iy rrh.i.Le

the 10V1 level moi.stur-e satrp.l,e had arr initio.l slibht increases on -the first

day of gerDino.tion f'o Ll.orred by 0. gr'adual decrease L"1 the developcdi

.' conponents throughout the Gernine,-i:;ionperiod. L. constant :dxying rras observed

in this sc.;..;.plerzhi.ch rras only steeped for 24 hours and left to rn Lt \iithout

any f'ur-bher vte: tering. The findinGS shorr tihat for DC:.xiuUDnutritional

and enzy ne deve.Lopnencs there dust be an ade quate supply of vra ter' throughout

the period of l_ulti...i-1e;.

,. PEL

HIGH
LEVEL
1I10IS-
TURE

1.20
1.47



- 46 -

tax investi[,'CltiOl"l into the effect of clT"JinLte~_lper2.turo on the

quality of tho nad.se naLt is of little or no benefit to the trL'..~"'.itione.l

brener rzho uses sW'l-(:'ryil'l[;. Honevcr , a Lar ge sca Le USe of mltcc1.. I.11J.ize

for tlw production of beverabes Yiill require tho introduction of artificial

l1ry:L.'1G-Geclmiques. The results presented ill Table 16 ahov the hiGhest

Ur-yinG te:"l}Jerature at rrhi.ch the G~.lt ccuponorrts ar-e (;.c:'vernely af'f'ected to

MJ..LT DRYING- , °DI1'..;Ttl.TICPO~;.TER--~~·"'I-~;IBO;~~-~v-n-J-C-O-NT-EN-T-~-

SAMPLE NO., TNvIPEH.L:'T1J"RE(D.F .B. ) I (uf!l' g) D.E.D.)-+' (oe) .- I , *
CO:NTROL T:E1)T J __CONTROL

--~~ ~~-~~-+=~--~- -~ t--~
1 Ii 35.0 43.5 1 43.6 I 4.3
: . 40.0 45.0 i 44.2' 4.8
3; ,50.0 45.8 I 41.6 I 4.5
4 60.0 46.2 43.4 I 4.8

~J ~~~-'~:~:~:~I ~;

ffi1yappreci::tble deGree.

PK.B2.T...,QF DRYJIm _TE1,iPELli"TUIill_OI~ftIE..JJ-1l.ST1l.~iER ~uID

RIBQLLb.VIlr C;OHTJl.:..JT q~J~ .1',liili'r

; TEST

I
* Sun-driecl sanpl.cs nere us eel 2.S controls for each

JryinG ter::perature.

Malt aai.rpLes c1rieQ for 20 hours at te sper-atur-es rCll1Gi.l1.gf'r-ori 35 to 600e
only cause net:;lisible destruction to their uiastatic activities. A drastic
r-educ t.i on in diasta-cic povrer' was observed Ln sa::lples cb:':Lcelat 700e and

above. For .indus tr-i.a.l pur-poses c. d_ry:L.l;te;~pora tur-e of between 500e and 60°C
is therefore reco!.::~endeC':.a s beinb tho opt.Lnun teuperature to preserve nost

enzyue ac.biv i.ties in the riaLt , The riboflavin corrborrb"as vLrtua.Lly not

af'f'ecced by the U:r-.y:U1/...;te:1pero.'cur-es used in thi.s study , Riboflavin is

°known to be ther'uo-e tab Le, ':-~ll~"" tenpor'a tur es of up to 80 e are perhaps too

lo~, to ef'f'ooc any appr-ecLabLo desta-uct i.on of the vi tai.un.
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The r-ecormendod tonperaturo ra.nso for artificio.l drying (50 - 600c)
is therefore [;ooelenough to na.lnta i,n the riboflavin, level :L1the

final naLt.,

Erou the results of (0.) the .invesc.i.iations into the Ghanaian

traditionall1etho,"s of na.i.zo naLt bever-age pr oducta on, (b) the laboratory

analysis of the .inter-ned.i.atc and final producta , (c) the bi.ocheni.caL

changes during nai ze na.Ltin[; uncler ccndi,tions si.rri.Lar-to tllose of the

trachtional process, and (e ) the cletorrlination of t he various parune ter-s

af'f'ec tin., -(;;.10devcIopnen ts of di.as ta tic activity and riboflavin, tho

follo-.;inb can be suaced as the Lk'l.infinclinGs of this a-wey.

Maltil1.[;;~s wlG.or-caken b, the tracli tiona 1 producers is n es sen Jd.,al

,.
step in the na.i.ze raaIt beverage production as it effects all the

ba.ochetri.ca.L transforrJD.tions in -che grL'.i..Yl.necessary -Co Llpart both

the tY:i.)ical nutr-Ltri.onaL and or[,anoleptic properties to the bevernge.

(2) However the traQi tionul breners do not derive the IJO.xinunbenefits

of the iJaltins process because of lack of proper attention during

the CeEUnation pcr-i od0 Only up to about tHo-fold increase in

riboflnv~1 and lOTIdias~,tic nctivities are achieved ~1roush their

110.1tinG process.

(3) Various :fUctors rrer-e found to affect the enzyme and nutritional

developnents :L.'1tho naLt.• 'I'cnper-atur-o, noLstur-e, and duration of

naltinc; have a profound effect on the quality of :the fin2..1 DD-It •

..•.is far as these f'ac toz-s ar-e concerned, hov.ever , sbeep.irig conditions

do not af'f'e ct tho subsequent changes in the crair1 as nuoh as the

conditions of Ler..lina-cion. I-'ith t8Dperature, the [;erlJ:i.nation

te:_-'ferature is -'re over-ridinG factor, and rli th noi.stur-e, short

s-ceei,)inc;periods do not af'f'ec t the proper cl..ovelopnentpr'ov.ided there

is adequ[1-Goprovision of Hater durinG [k,lti.nso
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(11-) Steepins at 28 - 300e for be tve en 12 and 24 hours, fo1.10'.[eJ.by

gerru..i.1atiollat t.18 sa.:o -cei::;)Craturefor 4 to 5 clays vri th "b.-rice

c1:l.ily sprin.kl:il1L of tra te.r vra s f'oun.'.. to cause hic)l cliastatic activity

end riboflavin developucnt in the racLt , l.~aize wl t thus produced

has .J.f'our=-f'o Ld increase in Lhe riboflavin content .J.11llas hiGh as
o46 d.i.as tn iri,c poWGJ:?

adver-se ly affect the changed in the [,Tain. LonGer per-Led of ra Lt.ing

also reduces the develo?ed cOflponents.

(6) For artii'icic:.l clryint.;, oven clryinc at tel:peratures up to 600e do not

affect the enzy.ao activity of the naLt , aighor +enper-a tures cause

drastic reduction in thu cliastatic i:")oncrbut do not roduce tIle

riboflavin level to a si.ni.Lar extent.

In the liGht of tne abov e findinGs, it is there foro r-ecoraaended thdt

for both trar2.itional un,!.larU3 soaLe use of nai.ze for the production of raai.ze

wIt beverai...-es, tl..•.e folloYiin2, rr.l"cinc, procedure shou.Id be strictJs- folloued

to obta in ,Jaxi ~-lJl'l des.iz-abLa properties of the naLt.

Mter Hin..Do,rinGand vra sh inr,; the naize gr'.J.ins ar-e s+ccpod in Good

drinkmG rratcr- ~or about 24 hours at 28 - 30oe. The Steeped grams are then

renovecl and spread on seeks or such si.ni.Lar' Laterials rzh i.ch will not ruta.in

nuch water-, covered uith poIy thcne mterials to prevont excessive noi.stur e

loss throut;b. evaporation. The r.iaLtririg grains o.re sprinkled uith water

trlice dai.Iy for 4 - 5 days after trh.i.ch tiDe the rootlets are d.Lsentang.Led

and the ra Lt thorou01Js- dried in tho sun. \!here artificial dry inE, is

required" ~1G dJ:-yil1S+enpor-a tur-e s hou Ld not exceed 600e.
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Maize nalt produced by the above reconuended procedure has a very
high diasta tic activity as rre Ll, as riboflavin content. These are also

indications of general enzyne and nutritional developoents. 'With this-

high level of en~le activity and nutritional content, the oalt can be

used by the traditional brewers to obtain a better quality uaize Dalt

beverage. It is also an ideal oalt for tile local enterpreneur who

~ishes to indulge in the production of a bottled r~ize nalt beverage

~ith properties siLular to the barley walt extract.

..•.

For the snaLl-eeca.Le traditional brewer, such a naLt is ideal to

cause srree tenang of the Dash and thus saves any extra cost of adding

sweetening agents to the beverage. Y"ith the increase in organoleptic

and nutritional properties the beverage produced with this oalt can

coopare favourab~ \lith other DOre expensive cereal ualt extracts produced

ni th ioported ran IJaterials •

~~e procedure for the high quali~ naize oalt production as sho\7.n

by the findings of this stuc1y does not involve any expensive technology

and rri.Ll, not therefore pose any problen to the traditional brewer. There

is however, the need for another investigation into the nashang and

boiling processes of the uaize L~lt beverage production using the high

quality ra Lz e oal t. 1.>. standard procedure for nashing and boiling for

a desirable enzyne activity is necessary to utilize the developed ooraponerrts

of the oalt to nax.lrnm advantage. Such an investigation will also find

a Dashing process for oaxlrun extraction.
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L P P.]l N D I X 1

QUESTIONNb..IRE FOR THE FIELD SURVEY ON THE TR.hDITION.b.L
pODS. OF Ml.JJTED Mb.lZE BEVERAGE ffiODUCTION IN GHb.N.b.

1•. Re gion ••••••••••••••••••••••• Torm or Vilk be ••••••••••••••• Isre a ••••••••••••

2. Naoo of Pro~ucer ••••••••••••••• AGe••••••••••••••• EduCQtion~l
Bnckcround •••••••••••••••

3. OriGin of Tr~ce (Inherited or ~cquired) •••••••••••••••••••••••••••••••.••••

4. Year-s Ln Tro..clo ••••••••••••••• o ••• o.o ••.••• "o •••••••••••••••••••••••••••••••••

5 • P[l.rt-tllJe Or Rull-tin.e •••••••••••••••••••••••••••••••••• "••••••••••••••••••

6. Method. of Production:-

(a) Preparation of Ran grains ••••••••••••••••••••••••••••••••••••••••••••••
(b) SteepinG: Tonpora tur-e , -••••••••••••••••••••• Dura tiona 0" •••••••••••••••

(c) MaltinG:

(i) Method (Floor or Basko t )••••••••••••••·•.•.• ...........
(ii) Dura tri.on of J\'12.1tinge ••••••••••••••••••••••••••••••••••••• " •••••••.•

(iii) Tree!. tr.lGn ts c:.urinL; n...'"'..ltinGe •••••••••••••••• '•••• -••••••••••••••••.••••

(iv) Dry inr, (Sun-<.lry:il1Gor o thervzi.se ) ••••••••.•.•• '••.•••••••••••••••••••••

(v) .l~GinG process ••••••.••••••••••••••••••••.••.•.••••••.•.•.•.•.••.• '••••••••••

«(1) 11alt storaSG •••••••••••••••••••• 0 •••••••• - •••• " •••••• ', .•.••.•••.••••••••••• ,: •• , •

(e) Malt MillinG (Fino or Coarse) ••••••.•• ·•·•·••• ·•·•·.••••••••••.••••••••••••••••

(f) IvI['.shinGand BoilinG:

(i) MashinG ne thod (cold. or hot) ••••••••••••••••••••••••••••••.•.•. , •.••••

(ii) Re s t.inr, Per iod ••••••••••••••••••••• , •••••.••••••••••••••••• r' ••.•.••.

(iii) Tree.tnen t of :r.ic.sh •••••••••••••••••••• ·•••••.•••••••••••••••••• ,\ •••••

(iv) Durn tion of Boi.Lang, •••••••••••••••• ' •••••••••••••••••••••••• I ••••••

(v) 0 ther tren tmonts • • • • • • . • • • • • •• •• • • • •• • • •• •• •• • • ••• • •••••••• \••••••.

)



••••••••••••••••••••••••••••••••••••••••••••••••

7. By-products and their use ••••••••••••••••••••••••••••••••••••••

8. .b.ny L1o(:'ifications and. nIw ••••••••••••••••••••••••••••••••••••••

9. Shelf-life of Pro~ucJs/s ••••••••••••••••••••••••••••••••••••••••

10. ProbloDB ••••••••••••••••••••••••••••••••••••••••••••••••••••••

11 • O'ther Proclucers in the Area •.•.•....••.•.•.•••••••.•.•.••••••••
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