
S~UDIES ON r;:'I3 I\IT ':;~'C:::;:OLOGYOF 'NMADA'

A ~.lP.L'reD M.A.lZE BEVERj..GE

(, q 77)
l1ARY fun:;

FOOD HE.3I:XRCH TI'{S7TTllTE (C.S.I.R.) ACCRA

SUMMARY

, The main ingredionts used in the pr-oduct.i on of ~'Jmadawere examd.ned

to test their microbi o.logi cal. quality :U1d to de-cormino bho sourco of

microbial load in the finished prod uot ,

The moulds found on the raw and mal.t ed maize grains were Penicillium sPE,

Aspergillus sw. and Rhizopus sPp. Bacte rti.al, types isolated include

Bacillus sw., a few Gram-positive cocci and Gram-negative rods.

Six out of the total number of 10 maize mal t samples had total bacterial

counts over 100,000 per g. The remai rring 4 aanp'l.es had counts under

50,000 per g. Total bf~ctericl counts for sugar samples ranged from 12

to 46 per 10g. Salt samples h~d counts of ~,200 to 2,300 per 10g.

Two samples of malt flour prepared in the laboratory showed a better

microbiological quality as compared to theEffiIDplefrom the t wo producers.

Total bacterial counts wore 510 pe r g and 720 per g respectively. Yeast

and moulds counts '"ere of tho order 1,260 por g and 1,460 per. g. Analysis

of fresh samples of 'Nmada' made fran maize malt p rep a red in the laboratoxy

gave no counts for both b act.e r-i.a f1J1dyer.s t s and moulds. The .f re sh eamp.Ies

of 'Nmada' from the two pr cduce rs had to tab l baot.e r-i.nl. counts ranging from

80 to 860 per ml and yeast and moulds counts of 5 to 780 per millilitre. .~

Fi ve major groups of orgenf.sme which wore iden tifi ed as Bacillus spP.

were found to donri.nabe the microfl/020. of the spoilt beverage. It was also

observed that using a malt wi th 10H microbial load resulted in a beverage

of better microbiological quality.



INTRODUCTION

:t:trl!l3.d3.tis the Ge.-Ld2,ngmcn.uu o for t ho tr,Lditionc:.l m3.iz8 bev8rc"ge

prepared arid oonsumod by tho people of the Greater Accrn Region in

the Southern part of Ghana. Other n,~8S for the beverage in the area

aro 'Ahei' (Fnnti, Cen'tr-a'I Region) and 'Liha' (Ewe, Volta Region)

Although Whitby (1968) doscribed it 2.S 'L f'e nnented beverage it CC'Jl

more appropriately be described as a cooked ext rcc t of maize; malt prepared

by germination of maize. It is non-dhoholic but rich in the B vitamins

pam cularly ribfuflavin. The beverq:;o is normal.Ly served as a

refreshing drink 2,t trC',ditional ce romcni.es such as out-doorings and

f'urne r-a.Ls ,

IThitby (1968) in a report on 2. Nutritional Survey of Ghana

recommended the consumption of "Nmnd a ' because of its importance as 11

supplemental sourco of riboflavin.

In spite of the Lmpor-t ance of t.'1is beverago, Ha.lm (1976) as a

result of a special survey indicated mElt little or no work had been

done on its prodmti on, nri er-obi, elogy ['11(1 nutriti onal. value. Christian

(1966) described in de te.iL the t r(~diti on,.,1 method of producing pi to,

a popular West African fermented alcoholic beverage but very little

was 1'8 cord ed on t Nmad a' • Tho only work ca rri ed out to some depth

was th",t of Laryea-Brown (1975) who described the traditional method

of l Ahei, t the Fenti version of "Nmad at , He als 0 s tu died the b.i oohemi,cal

changes that take place during steeping and malting of tho mai.ze

grains over a 5 day poriod but this work did not include the microbiological

aspects.

A survey carri ad out by Halm and PLahar- (1976) to dete mune the

tradi tional processing proceeduros indic at ed that the beverage has a

short storage life of 3 to 6 days end that production is normally carried

under poorly controlled unhygienic conditions. The chance s of microbial

contamination are the ref ore considerable and this foeflects in the storage

potential of the product.
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The pralu<t:tion end distribu tion of (, stable bottled proiuct

under s t.andard.Lzcd conditions 'Ifill offer c, unique industrial opportunity

to the consumer. In order to make this poss ab.Lc, there is need to car-ry

out investigetions into the production technology, microbiology and nutri-

tional ~alue of fNmadat•

This study is set up to investigr..te the nature end pr-cducti on of

fNmade.f and to determine the spoilage pe.tterli of the beverage cs well

as the source of spoile.ge organisms. The study is approached th rough

examination of tho microflora of 'em production ingredien ts Lc , mrize

malt, snlt and sugar and of comparative microbiological analysis of

the finished product - both traditional and Lab orat cry type.

MATERIALS AND METHODS

Maize grains, maize malt, salt, sugar and already pre parod fNme.da'

were obtained from traditional brewers in Accra.

MEDIA: The f'o.Ll.ovri.ng med.i.n~,\3Y'(; used fo r t.ho is olation and enumoration

of mipro-organisms from tho s?mples. Thoir composition is expressed as

%, W/V. All ag a.r modi.a were s o.Ld.dLf'Lod with 2% Agar.

TOTAL PLATE COTJ?JT AGAR:- Tryptone, 0.5; yeast extract; ~.25; glucose 0.1

distilled watior, pH 7.0

OVERBROTHIvIEDIUM:-500g of finely ground beef Liver were added to 1 litre

distilled water and boiled for 1 hour. The pH was adjusted to 7.0 and

boiling was continued for another 10 minutes. The mixture was prossed

through cheese cloth to remove liver particles and the liquid Vias made up

to one litre with distilled VIater. Ten grammes of peptone and 1g dipotasium

phosphate were added and the soLutd.on p..djustod to pH 7.0. About ~ in of

liver particles from pressed cake were put in the bottom of the tubes

(5/B x 61l) and covered with the broth.

NUTRIENTAGAR:- Beef extract, 0.3; Poptcne 0.5; distilled water, pH 6.B

DEXTROSETRYFTONEAGAR:- Tryptcne, 1.0; dex.trose 0.5; distilled water•
pH f.B.
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DEXTRO~_TR't.'P'L'C1IJ"EB~~OCR3~.oL F0!.i?EiAGAR:- Tryptone, 1.0; dextrose, 0.5;

bromocresol purp'Lo , O.OOLf.; distilled. ;,ator, pH 6.8

SULPHITEAGP~:- T~ptone} 1 ~O; SodiUQ sulpl1it8, 0,1; distilluQ ~ater.

AMOS.AND KENTJONES rVIE~~: Peptone, 1 .•0; beef extract, 0.51,;., aodi.um

chloride 0.9; distilled. '\'later pH 7.2

DESOXYCHOLATEEJ-;.CTOSEj,G-.AR:- Peptone 1.0 yeas t extract 0.25 goLatzi.n 3.0;

d-mannitol 1.0; lactose, 0.2; sodium chloride 7.5; dipotassium phosphate 1.0;

scdium acid selenite 0.4; distillod wator pH 7.0

SELENITE BROTH:- Tryptone 0.5; Lac t.oso 0.4; disodium phosphate 1.0; sodium

acid selenite 0.~1; distilled wnter pH 7.0

BISMU'I'H..SULPHITE.AGAR: Beef ext r-act , 0 •.5; peptone 1 .0; dextrose 0.5;

disodium phosphate 0.4; f'e rrous sulphate 0.03; bismuth sulphite indic at or-,

0.8; brillir:nt greon, 0.0025; distilled \"later pH 7.7

N1.1TRlJn:rAG]lR+ 1.5%No. Cl:- Beef cxt rnc t., 0.3 peptone 0.5; sodium chloride

15.0; distillod water.

MAIZEEXTRACTAGAR:- 50g germinating maize grains were ground.

water added and the mixture boiled for 30 minutes and filtered.

filtrate was made up to a 1itro wi th distilled water, pH 5,0

250ml distilled

The

POTATODEXTROSEAGAR: Infusion from white potatoes, 200mlj dextrose 2.0;

distilled water, pH 3.5.
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METHODS

The samples of r;-'}j,maize grains, mr.Lt od mQize flour, sugar-, salt

and already p rc pc.rod 'Nn':'lnl '.;18:"(:; ell t roat.ed as follows:-

(i) ~~~ ..~_.£.5r3ins

Tho micro-organisns pr-oscn t on the su rf'rice of th; maize gr,•.ins

were Ls oLat ed by placing throe grc~ins centrally on sterile media in petri

dishes and in petri dishes lined ,;:itl:. mcd s tcne d sterile fiter paper,

ani incubating for 7 days at room temperature. Another set of grcuns

were surface sterilised with 0.5% mercuric chloride and r-insed with

sterile distilled water before plating.

(ii) Malted Maize Flour

Fran the represen tati ve s amp.Le t akcn out of the flour used in the

production of the l:everage tho f'o.Ll ovzi.ng do tormi.n atd ona were made using

methods as given in "Recornrnendod Methods for the Microbiological Examination

of Foods" (1960); total aerobic and anaerobic oounts at 32°C using plate

count Agar; aerobic total the~ophilic counts at 55°C using plate

Count Agar; anaerobic totG~ thermophilic counts at 5500 using liver

Broth Medium; total aerobic thermophilic spore count using Dextrose Try-

ptone Agar; anaerobic total spores producing hydrogen sulphite using

Liver Broth Medium; "r-ope " spore count using Amos and Ken't--Jones Medium;

enumeration of coliforms using Deoxychol~te Agar. Staphylqccus Medium No.110

was used for tho enumeration of staphylocoaci. Salmonella 'determination
. 0 '

was made by enrichment in 0.8% T:ryptone Broth for 24 hours' at 35 C and

subsequent plating of Bismuth Sulfite Agnr ~d incubating for 48 hours at

35°C.

(iii) S a 1 t

Ten gram of salt taken from tho lot used in tho prepa.ration of the

beverage was dissolved in 99 ml of Ringers Solution Serial dilutions were

then prepared from the solution. Totel counts were determined using Total

Plate Count Ae;ar and Nutrient Agar plus 1~ sodium chloride. Yecs t.s and

moulds were estimated using Potato Dextrose Agar.
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(iv) Sugar:- One huddred graDmes of s ugc:,r were weighed aseptici>.1ly

into a sterile container and cliluto(l wi t.h 102.5ml sterile Ringers

Solution (Each 2.1m ccnt.ai.n.i.ng 1.25g of sugar). 2.1!d Here disponsed

- into each of 6 petri plates. 2 plates Vlore poured wi th Totci Plate

Count Agar and 4. with Potato Dextrose J.g'1r for yeasts and moial.ds ,

(v~) lire ady Prepared INmada' ;- Serial dilutions of tho prcxluct were

prepared with Ringers solution and the Peur Pl?to I-ijothodus cd for counts

of micro-organisms.

For the total viable bac te rial counts, Total Plate Count .Agar was

used and for counts of yeasts and moulds Potato Dextrose J~~r was used.

After counting, a number of repNsentnti ve, c clories were picked from

the plates put into Nutrient Broth and incubated at 320C for 2 d~s.

They were then subeu Ltured on Nutrient Agar Slopes and incu batod for

2lf. hours.

Bacteriolo{O.cal 1:lethods Used in ~~e.mining the Cultures

Microscopical Examination:- Organisms gr'ov.n on Nutrient Agar were

Gram-stained and examined microscopicallyo Tho size of vegetative rods

and of spores was not usually moasu rod, The poai tion and shape of the

sp rs , the thickness of the spore-wall arid the shape of the sporangium

were noted.

Macroscopical. Examin·--;.tion:- Tho colonio.l appear-ance on Nutrient Agar

and the nature of growth on Nutrient Agar, Glucose, Nutrient Agar and

:lJl Nutrient Broth were observed.

Pwsiologice.l Reactions:- Strains were ex ami.nod for the proiuction of acid

and. gas .. fran glucose, arabinose and. marritol. The sugar medium us od was

a liquid medium in which tho solo scurco of nitrogen was amnon.ir. with 1.2%

agar. This medium was inoculatod with loopful of nutriont agar culture .•
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Hydrolysis of .a~ein, goLatriri and starch was determined by the

Plate Method of Smith et ale (1946). -Tho Urea Medium of Christonsen

(1946) conte.ining phenol red indicO-tor was ~od for the detoction of

urease.

The voges-Proskuvor (vr) ro acta on (",cotylrnothyl-carbinol p roduc ta on)
, .

Was determined by the method of Smith et o.l (1946) after incubation at

28°c for 2 and 5 days, except in tho c as o of Bacillus coagulens vrhen

incubation was 0~rried out at 45°C.

Reduction of nitrate to nitrite, utriLi.zatrion of ci trate, and 51'0Hth

on Nutrient Agar at pH 6.0 Hero "..11 examined. All strains were tasted

for production of gas frem glucose under the semi-anaerobic ~onditions

of the Gibson & Abdel-Malek (1945) tust.

Test for lecithinases visibly affecting egg-yol! emulsion were made

on Nutrient Agar Pf.at es containing 10.010 (v/v) of egg-yolk emu.Lai,on

(Macfarlane, Oakley & ;:.ndorson, 1947).

Detennine.tion of Alcohol ContGnt of Hme.da

Nmada samples of 100ml V7Eiro neutralised by titrating against 0,1 N NaOH

using phanolphthalein as indicator. The solution was distilled and 50ml

eollected. The ~ecific gravity of the distillate was detelTIined using

the specific gravity bottle method. The corresponding pe rcent age alcohol

by volume in the distillate at room temperature was obtained from reference

table in offici al methods of analysis by the 1:.ssocil.'..tion of Official

Agricultural Chomists (1960)

Determination of Lactic and Acetic Acids:- By titration with o.nr aodi.um

..~droxide and oa.l.cu Latd.ng the acidity as (lactic acid and using 1ml O.IN ::;

e.0090g) lactic acid.

Acidity as acetic acid was determined by titrating 10ml of sample with
-""••.•IN aoddum hydroxide and calculating acidity using the f'ozmu.Lar-,

Ti tre value (ml, 0.5N) x '0.-3 = % w/v as acetic acid.
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Results

The traditional methods. used in all three :regions of Ghana where the

beverage is pr cduced, f o.lLcw the mai.n processing steps of malting of maize,

mashing of malted maize, extraction and boiling of extract. Differences

occur from one region to another and among indi vidual prcducers in the

processing steps. The method described here is that used by one section

of the Ga tribe.

Maize grains are steeped in water for 24 hours after which troy are

removed and spread on a cement floor to ";!j-"';i ..'1.;.ta. A soaked sack is placed

over the grains to prevent surface dessication. Water is sprinkled on the

grains each morning for 4- to 5 days. By the end of this peri od the

acrospire is about 6cm in length. The gormi.nated grain is sundried on

aluminium roofing sheets or on polythene sheets spread on the ground for

3 d ays to en ro re thorough drying. The mal, ted grains are milled coarsely

and the flour obtained is mixed with cold water to form a thin slurry.

Salt is added to the slurry and the mixture is boiled for 3 hours with

c cnstant stirring. The procipi tat o is al.Lowed to settle and the liqlid

portion is decanted and cooked again for a further 2 hours. Sugar and

caramel are added to this product which is called Nmada,

Examination of raw and malted maiz'e

Raw and malted maize grains were examined for the type,s of microorganisms

present on them. Pure oultures of the micl1'o-organisms were obtained aid

organisms were identified as far as possi ble , The most predominant moulds

were Penicilluim sPP. Aspergillus spp_ end Rhizopus s£E.. Of bacterial

VPf)s. Bacillus sp. a few Gram-posi ti ve cocci and Gram-neg~tive rods were

found on the grains. No micro-organisms were isolated from the grains surface

sterilized by rinsing with 0.5% mercuric ohloride and distilled water.

All the organisms thus appear to have been on the g rains and develop when

.onditions are favourable for their growth.
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Examination of Malt Flour

The ~sul ts of tho d ete rmd.natd.ons of m.s.lt flour are shown in

Table 1. Of the 5 samples of Brand A only 1 had total bactorial count of

less then 100,000 per gran. Brand B had 2 samples with courrt.s of over

100,000 per gram.'



TABLE I

MICROBIOLOGICAL EXAMINATION OF MALT FLOUR
,.

BACTERIA PER GRAM o F SAMPLE

PRODUCE! TOTAL PLATE COUNT THERMOPHILIC COUNT THElThWPIITLICSPORE- COUNT
'"

32°C 55°C 55°C ROPE COLI STAPHY·
°2 111102 O2 An 02 o ' FLAT bsx 0 - SPORES FORilS LOCOCC~2 SOUR PRODUG~G

TYPE H2S
Ai 110,000 101000 20,000 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2 29,000 10,000 22,000 0,0 0.0 0.0 0.0 0.0 0.0 0.0
3 275,000 9,500 1,060 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 176,000 I 180,000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 355,000 137,000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

B t 103,0001 212,000 0.0 0.0 I 0.0 0.0 0.0 0.0 0.0 " 0.0~
2 375,000 127,000 0.0 0.0 I 0.0 0.0 I 0.0 0.0 0.0 0.0
3 10,600 153,000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0!

4- 14,600 3,500 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 53,200 4,300 0.0 0.0 0.0 0.0 0.0 o_0 0.0 0.0

G 1 510 250 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 72) 380 0.0 0.0 0.0 0.0 0.0 ~.O 0.0 0.0
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TABLE 2

MICROBIOLOGlCAL EXlilliIN..:..TION _OF FRESHLY Mh.DE NMAD.b,

,-
BACTERIA (PER ML)

'. .. .. PRESENCE YEAST ilN.D
PRODUCER OF MOULDS

',~QT.AL C OUN'L' ' COLIFORM STAPHYLOCOCCI
SIJ~ONELLA (Per ml)

,J '

-*'

A 1 760 0 0 - ;' 600

2 104 0 0 - 100

3 103 0 0 - 780

4 580 0 0 - 300

5 860 0 0 Q 80

B 1 710 .) 0 - '.4 3

2 830 0 0 - 6
.3 135 0 0 - 5
It 80 0 0 - 20

-5 600 0 0 - 15

t! 1 0 0 0 - 0

2 0 0 0 - 0
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The 10~18St counts wero rocordcd i'c:.' Brand C which had counts ef

510 to 720 per grr-D.* Out of the 12 samples only 3 samples from

Br-and A had thermophillic aerobic count s at 550C. Though tho total

counts were high for semp.les of :3rw'1:1s;. and B they did net demonstrate

the presence of any thermophillic spores, coliforms, staphylococci

and salmonella.. The results from Brand C indicated a higher rri cro-

biological quality as compared to A and B. Yeasts and moulds count

for Brand C were 1,260 and 1,460 per gram respectively whilst only

one sample from A. and B had count of' loss than 10,000 per gram, Only

one s anpLe of Br-and B ~ad a count of 80 rope spores per gram,

Examination of Salt and Sugar

Total bacterial counts for sugar samples rcnged from 12 to 46

per 10g of sugar and 29 to 46 yeaat.s and moulds per 10g. Salt sanp Les

had oounts of 1,200 to 2,300 por 10g total bacte r-l a. and 230 to 300

yeasts and moulds per 10g.

Exazhinati. on of already prepe.red 'Nmada'

The results of the microbiological analysis of Nmada from two

producers in ACCrtiare presented in Table 2. Brand A and B are the

two producers from Accra. Brand C was produced in the laboratory from

mat can be described as standard maize malt. The total bacterial

count for Brand .Aand B ranged from 80 to 860 per miliilitre of Nmada,

Of the 10 samples examined, all had total bacterial counts over

80 permillilltre but Brand C had no counts. None of the 12 s anp Les

execilled had c olifo nns , staphylococci and salmonella. All 10 s anp.Les

from Brand A and B had yeast and mould counts ranging from 5 to 780

per millilltre of nmada. Results for B are Lower than that of -.A.

All 5 sanp'Les of Brand A had yeast and. mould count over 20 per

millilltre. Brand C showed no counts for Yee.st snd moulds.

• Detennination of alcohol end lactic and acetic acids gave
negative results.
Brand C was standard maize malt prepared in the Laboratory
by steeping maize grains at 28-300C for 12 to 24 hours followed by
germination at the same temperat ure for 4 to 5 days with sprinkling
of water twioe daily.
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All tho samples of Nmada obtainod f'r-om the producers were

miOrobiologicl'~ly wholesome. No pathogenic organisms were found and
the bacteria. types isolatod were pre.dOOlinant1yme.ophilic E_cillus

species. Even though tl':e numbo1'S were low ie. 80 to 860 total
mesophilic bac te rd.a per gram, under favourable oonditions ,for
their growth, these develop to high levels to bring about spoilage.
Yeasts and mould counts of the oreler 2 per millilitre of beverage

may not develop produot deterioration but may be c cnsid ered l:ln.rgina.1
in character. Higher numbors as found in the sa.mp1es(5 to 780:,
yoast and mould per ml) is a mark of low quality and thoy t end to
fom sediments, discolouration and definite fa: .vour changes in the
produot. Their elimination is principally a matter of proper
speoifioation and control of raw materials as well as the use of
mcdem equipment undor oareful1y oontrolled sanitary and manufacturing

method••

,£ONCLUSION

INmada' is not a femen ted beverage as previously reported since

any evidenoe or sign of fermentation is resarded as spoilp.ge by
the producer. The microflora of the ingredients are mainly nesophiles

but these do not initiate any t'ennentative aotion duzing the prooessing
of nmada..

It is expeoted that under more asoeptic and better controlled oonditd ons
of malting, the microbial load of the malt pr-cdnced can be greatly

reduoed to give a beverage of a better microbial qUality. This is

beceuse maize malt produoed under controlled oonditions in ;tm
laboratory, had a much lower microbial load than malt samples
p r-cduced by the tradi tiona.1 processors.
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