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ABSTRJl.QT

Yeasts a nd moulds associated with tho r(~rlll('lIti"~JClll of I1\dizl~ douqli
during t.ho pr oo e a s Lnq or t.h o WOfJt 1\Crlcilll tTiHLIL i ona I . rood
'kenkey' wore invest.lya t.c d . 1\ mixed flora oorupr in Ln q Call.<J id~,

Saccharomyces, Tr ichosporum, I<lyveromyces and Debaryomyc~_§.
species wero isolated from raw maize, during steoping and early
phases of fermentation. 1\fter 21\ -1\ 8 h of forman t.a Llo n , '<:~J.'-IHJJ..<J.tl

~.Q.i and Saccharomyces cere..YJ..Blae domina ted reaching counts

exceeding 106 cfu/g. 'l'his succession of yeast popula tions and the

significant multiplicution of .Q~rusej,- and f?_a.ccb_._9crevisiae

were observed in all cases for both tho fc r mcnt.a r.Lo nr: <lIlC1Lho

production sites invcotigatod.

P ~ n..l ~11.1.,1. \ 111 \ , l\ 0 no .r.q J I .I. 1\ " 11 11 c l V II r.ll u- .1\ 1111 11 1" • r : I ,. r \ , I I II • I I If I i I 1" 1"" r : II ..

t 1.a 1 IIIyo a tux 1.n pro d1IC(, r B wer 0 in 0 1ate d I J o III I. i\Willi\ .I/'.(. . I II l.L i iI J

high counts of 105 c f u z q for moulds were reduced to less than 102

c f u Ig wit 11 j 11 24 h of fer m0 nt at ion. IIigh 10.vel r; n fi, r 1<1 L()x i II~: VI (' r •.

observed J/1 raw maLz e and they wore 1I0L a I: I ('cLc'd (1Ill-j Ilq tll(~

fermentations.

Keywords: Maize dough, fer;ilcnta t ion, yeasts, moul.ds , ()r Lat ox i IlS .
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Fermented maize f or mu tho ba rs i a of i1 v a rlc t.y 01 fo ot h: ill CheU'l"
and other West African countries, contributing to a lar~e
proportion of the d a Ll.y food Ln t ak o . Do opLt.o the Lmpo r t a nc e of
fermonted foods, they a r o still produced by 1:.I~iHJ:it i 011,1·' r:polltu-

neous and largely uncontrolled fermontutJollG. Tho llIont populur

way of consuming fermented maize douqh wlL L be in t.h e form of
'ken)<oy' wh or o a mJxt.\II~O of c ook od i\lld IIC)II--coulu'd dOII'lit In

moulded into balls, wrapped in corn hunk a ncl c ookod .

'rho t.r nct l.t.Lone J product ton mothod for f or mon t.r-r l llIi\ i ZI' cl ouqhn III

Ghana has be on de s c r i bod .in a p r ev l ou n pu bLlc a t.fo n (IIi\Im o t: ill.,

1993) concluding t.h at; a homogeneous group of o b.lLq a Lively
heterofermentative lactobacilli relnted w.i.t.h I.~{\_C.;J:oJ::?0..C;.J~:)......Y_§.

.!.Qrn~~n, and lillYJ;,-Q.Q.(v;;:_.i.l.l\lJ?~_Q_\,tt.G.t:.J p Lay <1 cl omini\ t: inq role.
Yeasts wore observeel In lovelo 1U1

-1011 chl/eJ i':: /."f'Jl() I \:r'd 11011I

other investigations (Arinkelo, 197U; llanuul o t; it I.. ,I ()()),;

Hounhouigan et a1., 1992; Nyako' and Oan60,1992). 'I'h o y oa s L

species associated with ma i zo dough fermenta t Lo nn ilP1H'c\1:- to be

mainly cQ,ndida trop.:lg~lis I C<1!l91.slU..9flL I Q!lXl~lJdJl_mycuder.lIlC\.a nd

Sncchuromyces CGreyin.i&Q. However I s y s t cmatic yeas t f~ tuc1lr'f.: 11,1 vc

not been carried out I and whether the yeast take pa r t; ill the

fermentation process is not cloar.

The occurrence of moulds has been de a 1t wi tll by l\ r L nkol ("' (1 <J7 ()) ,

who investigated the surface microf lora of maLz o kor nc I.s for
production of Afr.i.cnll starch cu ko nnd dr:~m()llfit:rilt:('d 1".11(' mould

gonera E9Jl.i.Glll.iJUU,_ l\QP_Q.r.gJLl1.\\f\.I }:.l\rH\r,J,Ull1 nnd .C0Jlllil In~:p()r· i 1111\,

however, they disappeared during the maize steepinq. Flelds et

al. (1981) found moulds present in unfermented maize dough but
they wero no t do toc tn b I.o f rom tile douq IIn i\ I t:r' r t: Wr) rli, y f: 0 r

fermentation. It thus appears 'that the contcnt of viable moulds

is reduced significantly.
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'rho rata or IIIYOotOXJlltl, pr.oformoc]:\n tho rllw ""'\:0)"\;11, (111)"\11'1

fermentation is not known. High aflatoxin contents have been

found in several foods in tropical Africa (Ibeh et al., 1991).

It haa boon the obj oeti vo of tho pr ooont worJeto 1'0. r Lot ru

quantitative and qualitative studies on yeasts olld moulds
occurring on maize, during maize steeping and maize dough

fermentations. Further it has been the objective to e Luc id a t.e tho

occurrence of aflatoxin producing moulds and the con t.ent;o of

aflatoxins during the complete process from steeping to t.he final
product 'kenkey'. To obtain relevant information, main emphasis
was given to larger commercial production sitos with capnc Lt.Lon

of several tons per week. '1'lle sites were investigated by sampling

on several occasions at months intervals.
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MATERIALS AND METHODS

Sl,\lDple~
Samples were coLlect.ad from two larger commercial production
sites and four markets in Acora, Ghana, on eevoraL oconnlona over
a period of 12 month~.

The samples, 500-1000 g, comprised whole maize kernel.s, steepIng
water at 0 and 24 h, fresh dough, dough fermellted for 24, 48 and,
72 h, as well as the final product 'kenkey'. Surface lnycrs were
removed before sampling. Analyses were performed within two hours
of sampling.

For examination of the mould flora of maize kernels, 150 kernels
per batch wore incubated indivLdu ally on tho nubn tri' b~rl c1(~nc rI. bpd

below. 'Miscoloured kernels were selected for the exaru Ln ations.

M.igroQj.ologiQal analyC!.QJJ.
From all samples 10 g were homogenized in 90 m.l fJter.i.lndl.l.ucllt
(O.l% peptone, 0.8% NaCl, pH 7.2) by use of a stomacher (LnbB.len-
der, Model 4001, Seward Medical, London, England) for J() rsocondrs .

Maize kernels were milled by use of a hand mill, under aseptic
conditions before homogenization.

From appropriate tenfold dilutions, spread plate countings were
oarried out using Malt Agar (MA, Morek 53913 IJnrmstildl:,Cnr:-mj\IlY)

added per 100 ml 100 mg chloramphenicol (Chloramphenicol
Selective Supplement, oxo Ld , Hampshire, England) and 50 mg
chlortetracycline (Sigma c-4881, st Louis, MO. USA), with•...
incubation at 25°C for at least 7 days. ,The medium Wi.\;; used for
counting both yeasts and moulds. lJichlorun Glyccro.l.i\!Jil/~ (lJe-10,
Oxid CM 729) added 50 mg chloramphenicol (Sigma c-0378) and 50 mg
chlortetracycline (Sigma c-4881) with incubation at 7.I)"C for at
least 7 days, was included as an extra medium for lnould counts.
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IIndividual maize kernels were examined for mould infections by
inoubation of 5 ke rno Le on each of 10 pc t.rI dLe hori (~){) nun) or
eaoh of the following 3 media (Lillie and Jakobsen, 19~2): i) DG
18, ii) Potato Dextrose Agar (PDA, Difco 0013-01-~7., Difco
Detroit Michigan, USA) added per 1000 11\1:SO mg ch 10"" mph onLc oL

(Sigma c-0378), 50 mg chlortetracycline (Sigl1lac-tlOB.I.),10 mg
ZnSo,,,7 H20 (Merck 0803), 5 mg CuS04, 5 H20 (Merc}<.2790) a nd 0.5
9 MgS04 (Merck 5886), pH = 6.5, and iii) (PDAID) consisting of
PDA added per 1000 ml: 2 mg dichloran (Fluka AG 360103 Fluka,
Buchs, switzer land) and 6 mg iprodione (Rovra1 50 wp, Hhone-
Poulenc Agro-chemie, France). Incubation was carried out at 25°C
for at least 7 days and PDAID was incubated at 12 h alternating
UV-light (360 nm) and darkness.

~bat:aoteri zation and identif ieat ion Qf~~lt~.__~Q.m.ttE\tjJJCJ_y'C':.a~_t:_f~_a.rJg
mQulds,
To determine the composition of t.b o y oao t; popuLa t.Lo n of a
particular sample nll coLon Lon from., noct.or (>l~j~~ o I'\:lIP plat.o
area and at least 20 colonies) were subcultured in Malt extract
Broth (MB, Merck 5397) for 48 h before streaking onto MA until
pure oultures were obtained.

The yeast isolates were grouped according :to their colony
appearance and cell morphology. Representativa isolates of the
groups were identif ied to the level of npocLo o nccord l nq to
"'Kreger-Van Rij (1904) by obee rva t.Lon of pellicle and acd Lmont;
formation in MB, spore formation, growth a t; 3i"c, CJ row t.h ill50%
(w/w) glucose, nitrate llssimilnt.loll,fenn0IlL,t'lolI or c:;u-\)ollydril-

tes (glucose, galactose, saccharose, m"ltose, lactosc and
raffinose) and carbon compound assimJlation (API 20 C AUX, Bio
Merieux SA, Marcy-L'Etoile, France).
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For isolates of lift.g_9Jl., cereviJ?~ ct rr omo s oma I pat-terns were
performed by pulse field gal e Loc t r-opho r o n i.n of' o ph o r-o p.l.a n t;n a n

described by Donhauser et al. (1990) with minor modi t Lca t Lons .

The pulse field electrophoresis (pulsaphor control un i t 2015,
powor supply 2 J 0 1, both from Pllarml':lcJ"-LI<B, Up nu In ~;wedell) wa a
performed at 10°C and the following conditions: 100-120 mA,

165 Vi pulse: 90 sec for 14 h, 10S sec for 12 11 and 1:>'0 sec for
14 h. Yeast DNA-mar)<.ers (Phnrmacin-LI<B) were unod iHI yeas t

chromosome sizo DNA-standards.

Moulds were identified to the level of genus directly from the Ml\

and DG10 pLa tea according to t.ho Ir co I ony iI PT)(\iI ,illle(' "rid

mioromorphology. Selooted isola tes wore aubouI tured a nd Ldon t; J. r l-

ed to the level of species according to pitt (1979) and Onions et

ale (1981).

Aflatoxin determinations
The~'ol~an-up procedure (method of extraction) .us od war::; baned on

that of Pons (1979) involving extraction with methanol, addition
~';', .
of ·zino acetate to precipitate colour pigments, further extrac-
t· 'I

·tion with dichloromethane and clean-up by colu~n chromatography

using cellulose and silica gel. The final residual was dissolved

in 0.1 - 1.0 ml of methanol: acetonitrile: water (10:30:60 v/v)

and used for HPLd analysis.

The HPLC instrument system used included a Model 501 Sol vent
Delivery System (Waters Aas oc Le t.e s , Milford, Ml\:, USl\), " Rheod y ne

Model 7125 injector with a 20~1 fixed volume loop, Waters
Temperature control System, Model 470 Scanning F Lo ur-cecenoe..,
detector and a Model 746 Data Module (Waters Associates).
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Identification and quantification of aflatoxins were by reversed
phase liquid chromatography with postcolumn Lo d i.n o do r-Lv a t Le a t.Lo n

and fluorescence detection as described by Shepherd and Gilbert
(1904). Soparation o I' nfll\toxirw was on r r Iod out 011 " npllrr I nor b
S5 OD8-1 column (250mm x 4.6mm) maintained at 35'~. Oerivutisa-

tion tubing (5m x O. 3mm) was held at 75°C. Excitation and

emission wavelengths were 360 and 440 nm, respectively.,

RESULTS

Yeasts
The number of yeasts in the maize kernels varied considerably as
seen in Table I. The examples presented refer to samples taken

,
from the two commercial production sites at the time of harvest.
The maize with the low yeast content (site 1\) was from the
previous harvest (12 month old) and the maize with the high
content (site 13) waa fronhly har von t.ocl II1n.l Z('. '.I'J10 .r vor nqc y oent:

conoentration for 6 samples of maLz o tekou over 1:110 CJ monLhn

period with 3 months intervals was 1.9 X 101 c f u z q with a

standard deviation of 1.79 (results not flllOWIl).

The differences observed in the yeast contents on the maize

kernels influenced yeast numbers during steeping ;\11(1 fermentation
and it also seemed to influence the composition of the yeast
popUlations (Table I). A moderate increase of yeast concentration

during steeping and fermentation was observed at all occasions
and tho maximum yenst concentrntJonn wo r o J n thn ordo r' of 10~ -

106 ofu/g observed after 211 - 48 h fonnolltnLl.olI followed by a

reduction. 'l'he result from analysis of tile steeping water at

start of steeping reflected the result obtained for the maize.

'1'he water used for steeping did not COil ta i.n (<: 10 Im1) yeasts

(results not included).
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'I'he'yoast populationo on the mal.zo k or no La I nol.udod n va r l oLy or
,CandiQQ, ~j1t'romYQ.Qfl, l];:iQ)lQ~U2Ql::"QU, JS1\\y.yo,l;ol1\ycotl ,\I\(1 po=

barYOlDyces spp. (data not shown). Howevcr, cJurInq u t.o cp Lnq UIH.l

maize dough fermentation a selection was obscrved w i t.h ~,0ndi.9..9.

krusei and SaQC1H~rQnlYQ.e6 oer~y~lilQ. bocomi119 UIO doml nr LLnq
yeasts (rl'able I). J\lthough the incrcaso in y oa ot; number was

limited as mentioned above a significant muLt LpLd cat ion took

place for C, krusei' and Sacch. cerevisiae. 'This succession of

yeasts was observed for all fermentations examined. The pll of the

fresh dough was around 5.7 falling rapidly below pH J1.0 (Table I)
which is likely to be one of the ~actors controlling the

microbial succession.

'I'he Lao Lat.e a of C, krusei were characterized by being f Lnl;, o1'f-

white to greyish colonies with irregular margin frj nqrid with
pseudomycelium on malt agar, some with rapidly FJprc;)ding

colonies, formation of a creeping pellicle when grown In broth,

fermentation of gluoose, inability to fermcnt yalilctofJc,

saccharose , maltose, lactose and raff inose, growth at 37"C,
','

growth in 50% (w/w) glucose and inability of nitrate ilssimila-
tion.

The isolates of Sacch. cereyiseae were characterized as cream-

coloured colonies' which were semi-glossy, smooth, sl.i.ghtly raised

with entire margin on malt agar, absence of pellicle when grown
in broth, multilateral budding, formation: of ascospores,

fermentation of glucose, galactose, eac cb a r os e , maltose,

mal totr iose and raff inose, inability of Lnc tose fo r mon t a tion,
growth at 37°C, growth in 50% (w/w) gluco~e a rid Lnub.l Li t.y of

nitrate assimilation.
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~"/ithin the two dominating species ~_2::.1l_B_ti a nd Sa~ct!-,_C0..I~(!y_L~~j~"l.(~

signif icant strain var La tions were oboervod. For ~_,__IU~_I_~fJ_!=,=--:!.the

variation also included colony morphology with aile type sh ow i.nq

rapidly spreading colonies sometime covering the whole r.u r I'n c e of

the agar plnte us ment.lonod ubovo. Biocl1omJcl\lly 01:1:";\ ln ViII"! u t Lo n

were most pronounced for Sacc}). cereyisiae as illustrated in

Table II, showing the assimilation characteristics of 2G and ??
,

strains of ~! kr\lStl~!ld ft~.9.c~~x"~:..'Llsl.-'JC respectlv.>ly. 'I'h o _C,,,

1srusti isolates had l"qt.h:te simi La r assimilation p r o f J lp~, c h a r a o-:

terized by assimilat.lon of very few of the o o mpo u nr lu in cl.u d c d .

For Sacch. cerevisiae more heterogeneous assimilation pCltterns

were observed , with five var lOUD ass 1n111<1ti on p a t; t("'rl)!; (di\ t<1 110 t

shown) •

To investigate the d i. [ferences betwoon s t.r ai nr: w i. t.h ill tho saine

ap e o Lo a , Lu r t lro tmo r o c111"OI\IOnOll\ill pilLt-'~I-1\ illlilly~:111 Wi\!; ('oil I-i,'" r n i l.

for Sacch. ce~$_Je-'10 Lsiola tor; iJf-~ n h ow n ill 1,'1CJ. I. 1\ I I r: r.ra i II~~

had a large number of bands witl! nl zo d I ri Lr i.I.HIL l.o n p;d:Lcl-llr;

typical for Sacc_h. cer~:...v.i~~u!"~ as known from p ro v i our; 0Y.i\l1\ i Ilil L'io n o

of isolates of wine and br ow inq y e a a t.n (ullpll})J.i f;)10d rr-r iu l t.n ) .

II 0 w0 v 0 r , Ion CJ t h p0 .1Y III0 r pi d. 0 11\ in' ("'vi d 0 III: ; II)(1 I L W;\I ; ! ;r>(>II r n r

strains from different produc t.Lon s.lt(~~-; ilf; Wi' I I' i\!; I (JI" ~;LJ";' i ll;~

from the same batch of fermcntaLion.

Among tho c a r boh yd r e t.o n pr ao e nt; .i.n tllp m.riz r. r lo u cjh (ltlq:·II>l.i:;ltr(]

d alt.a ) all.9_. }\rlI89t Ls o La r.o e f o r nron t on '31"c()~-;("' \tJllc>n'il~; ill ~;i\ccl\ .

.Q9..);'9yio.1.rL0. f c r rno nt.od q Lu co c o , mnLt or.o ;11HI I1lil I I r i ].•..i ()~;(>"

MQulds ant..!E!flutQxius.

The average initial numbers of moulds on mi llecl Illi' .i z o kernels

woro in tllo r-a nq o 10" c['...I/g ('l'i\bJ.o IJ L). '1'111' 1111111/)("-III IIt()\l1<In

remained tho same dur Lnq the a t.o cp i nq per iod. l nunr-c l i iI\'" IY i\ I \:(~r.

mixing, mould numbers of 10~ c f u Zq were observed III Lh o [rosh

dough, however, during the first /.1\ h of f e r mc n Lat.Lo n t.I1(~ nurub c r s
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were reduced significantly and after 24 h less than 102 cfulg

Were observed. The strong reduction of mould nurnbo r a W<l A obncrved

for all samples investigated, OEJ reportod earlJer (1Ii\.1.111 ot n1.,
1993). Il.igh Levo i s of nflntoxina wero doLoc t.od dur' I.nq forltlcnto-

tions (Table IV). However, the results seem to reveal that

fermentation does not affect aflatoxin levels. 'I'a bI e IV also
indicates that the level of oorst.am.l na t.Lon is rather uniform
within the same batch of fermenting dough. The presence of

aflatoxins in the end product 'kenkey' was evidenced by the fact

that out of sixteen 'kenkey' samples from four Aoc r a mnr kot.n
fifteen were positive for aflatoxins with a t.o t a I a t Lat.oxLn r anqe

of 6.15 to 196.10 J1.9kg-1with a mean value of 50.88 /Jgkg-I.'

The dominating mould genera on the maize kernels were P_8.nJc:ll-=-

lium, aw;tQJ;:g.illua and El.la",rium. For l~rJ.~m npp , thn hl.q hont;

numbers occurred in the freshly harvested maI ze (dat a no t, shown) .

The composition of the mould popu Lation 0 r t.h o llIil I z(! k orl1n1CJ

remained the same during steeping nnd in the fresh dough (data
not shown). Investigations of miscoloured whole kernels incubated
on the surface of solid substrates revealed the same three genera

to be dominating. Detailed investigations showed the species with

highest frequency to be Penicillium c.i.W,l1..llll, [\)l1?~x..gJ_Jl!!~'LLI_!.~.Y_lt§.,

Aspergillus paras! ticus, 1\spergi llus wentii and Fusarium

subglutinans. In some cases miscoloured kernels were overgrown by

species belonging to the 1\. ~l'\Yy.Q. group .• 'I'h o pl.-O(lPIICOof

aflatoxin producers on the maize kernels ·was verified by
aflatoxin determinations showing high levels in tho kor ne La
(unpublished results) .



Table I

Numbers of yeasts (cfufg), pH and composition of yeast populations on maize kernels, in steeping water and during
maize dough fermentation at two production sites, A and B.

S.!_"iPLE PRODUCTION SITE A PRODUCTION SITE B

¥=i.ze kernels <103 3.9 x 105 Mixed population dominated
(=.2.l1ed) by Candide SOD.

-
S~eeping water 5.0 x 103 Mixed population 1.3 x 106 Mixed population of
(24 h) (pH 4.1) of Candida and (pH 4.1) Candida and Saccharomyces

Saccharomyces spp. spp.

F~--mentation 3 ~2 X 105 C. krusei (78% ) 1.5 x 106 Sacch. cerevisiae (65%)
(2~ h) (P:tI 3.7) Sacch. cerevisiae (6%) (pH 4.1) C. krusei (5%)

others (16%) others (19%)

F2::-mentction 8.6 x 10~ C. krusei ( 89%) 9.3 X 104 Sacch. cereV1Slae (95%)
(~a h) (pH 3.5) Sacch. cerevisiao (4% ) (pH 3.7) C. -krusei (5%)

others (7%)
....... -

=s::-mentction 8.0 x 103 C. krusei (71%) 3.9 X 104 C. krusei (62%)
C~2 h) (pH 3.8) Sacch. ce"-evisiae (14%) (pH 3.7) Sacch. ce:':'"evic:iae( 18%)

others (15%) others (20%).



Table II

Assimilation of carbon compounds by strains or .c-'----kn'-~i and S<\Ccht..
cereYlSlae.

Substrate e,k t:.YJ?~l

(%)' ( % ) ,

Glucose 100 100
Glycerol 92 <)

2-Keto-D-gluconate U t :.)

L-Arabinose a 0

O-Xylose a -0

Adonitol 0 r :- )

Xylitol 0 0

Galactose 0 100

Inositol 0 ()

Sorbitol () r :)

a-Methyl-D-glucoside 0 ()

N-Acetyl-D-glucosamine 92 5

Cellobioso () ()

Laotose 0 ()

Maltose 0 lOU
Saccharose 0 100
Trehalooo 0 '; ()

Melizitose 0 r::J

Raffinose 0 100

'Percentage of assimilation positive strains for 26 isolateo of C. k~uoBi and
22 isolates of Sacch. cerevisiae.



Table III

Numbers of moulds (clu/g) occuring 011 maize kernels, ill stccpiuj; water and
during maize dough fermentation I•
. ", ':

x sd

--------------------------------------------------------------~~.-~~~-
Maize kernels
steeping water
(0 h)

steeping water
(24 h)

Fresh dough
Fermentod dough
(24 h)

Fermented dough
(48 h)

Fermented dough
(72 h)

1.9 X 105

7.0 x 10"

(0.75)

(5.69)

9.8 X 10" (8.110)

1.2 x 10~
2<10

(1.7.2)

( -)

(- )

(-)

1. The figures given 'are mean (x) and standard devifltiona (ad) for 10 aamplea
from eaoh of the two produotion e Lte o (1\ and [) ox am Lno d , nrunp Lod on 10
oooa.ion. ovor a 12 months period.



Table IV

Aflatoxin contents (ugkg') of maize dough during fermentation.

Bl
...,D: G1 G2 Total

Aflatoxin

Fermented dough I
(72h) II

34.12 3.50 77.27
84.13

4.49
6.00

119.38
138.27

F::::-eshdough 19.58 2.93 72.75 4.94 100.20

Fermented ~ough II
(24h) II

63.91
30.18

5.59
4.16

106.46
86.08

7.78
3.87

183.74
124.29

Fermented dough I
(48h) II

54.09
49.33

5.39 91.11
87.48

6.76
5.77

157.35
147.244.66

42.95 5.19

1 I and II refer to two samples fro~ diffe::::-entlo~a~ions within the same batch (Production site A) •



Fig. 1

Chromosome profiles for 10 isolates of Saccil. cerevisiae
determined by pulse fiold gel eloctrophoreFd A (DN/\ - fJ ti\l1dilnlsin
outer and middle lune).

Lanes 1, 2, 3, 9 and 10 refer to S ir:olatos from the same
batch fermented at production site /\.

Lanes 4, 5, 6, 7 and 8 refer to 5 isolates from different
batches fermented at producL'l.on f; Ih~ 1\.
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DISCUSSION AND CONCLUSION

An Lno r-oeuro 11\ y oun t; uumbor n dUI:1IHJ 1"111"'11 d(llllJII r 01:1"1'11\.;,1.101111111111

been demonstrated. Further a succession of yeast species took

place with C. }crusei and Sacch. cerevisiae becoming the domina-

ting species. The number of yeast present and the significant

mUltiplications of the dominant species are likely to influence
the organOleptic and structural quality of the doughs. Yeasts are

known to produce a wide range of aromatic compounds, such as
organic acids, esters, alcohols, aldehydes, La c't.o nos and terpenes
as roviewed by Janssens et ale (1992), and to be involved in
~eaving. Another possible effect of the yeilstfJ would br. 9rowth
s t.LmuLat.Lon of lactic acid bacteria as well as stimulation of

their Lac t Lo acid production I iHJ ehown ror f~;\(.:c:Il;'rorny_ccrl..

florentinu8 and LactQ12acillus bi.19.ur,sU"!" both ic;o.ia ted [rom

sugary kefir grains (Loroi and Pidoux, lSJ9J). 'I'lio r os uLt.s

obtained suggest that strains of C. krusei and Sacch.,-_~_Qr:..Q..'{)-,-siae
be used us starter cuLt.ur os ill combi na tJOII wI.1:11 lil(; t:.I r : ;\(.:::1.<1

bacteria.

By inoculation studies, for 'fufu', a traditionill African

fermented food, C. Krusei has been shown to have significant
, (

influence on the typical odour of 'fufu' and r-oacul.n« 1ovoL of

107 - 108 cfulg at the end of fermentation (Oyewole, 1990).

Hamad et ale (1992) found that fermented sorghum douqhr. with high
numbers of C. )<rusel (10'" cfu/g) had a more pLoanu n L rnuo Ll t.h an

dough with less yeasts, and Nyako and Danso (19~2) found that

inoculation of maize dough with 106 c f u Zq of fu"l9ch! cex_evjJ~!..i.(;:v~. in

pure culture or in combination with var ious ~an(Jjd~ cpp .

increased the organoleptic scores of the douglls significantly.
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From the detailed examinations:performed on isolates of both ~
krusei and Sacch. cereyisiae, several strains of tile two species
seem to be present during fermentation. Similar f Indincj n have
been reported by owunma and Saunders (1990) finding phyniological
variants of Bacch. Qeroyisiae to be involved in formontation of
palm. wine. The chromosomal analyses carried out in the present
investigation gave additional informutlon on strain varLa Lf.o nu ,
Promising results have been obtained for identification of wine
yeast strains of 8acch. cereyisiae by use of chromosomal analyses
(Degr~ et al., 1989; Vezinhet et al., 1992). According to results
obtained for pure cultures of brewing yeast,chromosome profiles
are characteristic and stable for a particular culture, which
means that within the same brewing yeast all isolates have
identical profiles (unpublished results). 'I'o achieve a consistent
produot quality as well as uniform and controllable f ermcnt nt.Lo na
starter cultures should be well defined. Only one strHin ohould
be present characterized by a number of properties including a
chromosomal profile. The latter could be used for selection and
control of starter cultures for maize dough fermelltati.olls.

The decrease in viable mould counts during the early stage of
fermentation was distinct and JI1 agreement with other investiga-
tions performed on fermented maize dough (ArLnkeLc , l~J'/O; Fields
et al., 1981; Hounhouigan et aI., 1992; Halm et a'1. , 1993). Since
lactic acid bacteria are present in high numbers in the dough
(about i o" cful g) according to previOUB work (1\,\1)11 p I: il L., 199J)

they may be respons ible. Bacter Ja have bocn r;llownto [;ll.ppr.C~C the
growth of moulds (EI-Gendy and Marth, 1980), but .the.l.rabi.Li.t.y to
inactivate moulds including potential t.oxi.n producers like A.
flavu..s,and r. citrim.ulI800ll\S not to bo roporLo d .



1]

'rho apparent widesproad occurrence of a f Lat.o x Lnn in f0rmr.ntecl
maLz e d ouq he ie a hon.l.t:h r Lnk whJch In bol.nq eurl:l1n.' .l uv on I:1-

qeLocl , Ilowovor, tho prnclo,m.illllilco or l)lll:r'IIt:.lI\l ilI'lill(»)(ill!:

producing moulds in mouldy and miscolour~d kernel clIlphi.\s.l.zc the

need for selection of high quality maize.
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