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Zusanuuenfassuug

Mais- uno Hirsekorncr wurden zu Mehl , Grief und Grits vcrarbritct .

I
Diese Verarbeitungsstufen wurden in Anleilen von 10 his 40 % mit Weizctuuehl

vcrmischt, rheologisch untcrsucht und anschliclicud veibackcn. DiL' Brute wuulcn

tiller 7 Tage auf I;, ischhaltung gepriift.

Aullerdem wurden Mis hungcn aus Mais- und Hirsegrief mil W -izcnmehl hcrgestcllt.

Mil abnehrn ender Feinheit der Granulationcn VUIl Mais unci l lirsc siclltc sich r in
crhohtes Backvolurnen In. Ebeuso verbessert 'I) sich lr ischhaltung 1111(1 l laltharkci:

der Brote.

Fine I %-ige ZlI Jab von DAWE-Backlllitlci Itihrtc 711cincm gtiilkll'lI Volumcn 1111<1

einer besseren Frischhaltung als dic Zugabe VOIl Lecithin-Backmiuel. Gunstigcr als

die Backrnittelzugabe wirkte sich eine 2 %-ige ZlIgabe VOIl Felt auf das Brulvnlumen

aus.

• Es trat ein additiver Eflck! untcr dem Einsalz von mehr .tls 2 '(,ctlridl'<lrll'll 'HlI .



(i )

SUMMI\R

Mnizo and pear l millet rains wer e milled Into Ilour , semolina and g"its.

1 II varlous qranu+ations and wheat Hour were blended with t(1) to LJO%
le\'015 of r eplacernerrt . T he rheological pr opnr-t.les of these compos; to f lcur s
"/fWO clet.etmln ad .

n,'cad was baked f r orn the different blends and the hrmqe ill f,'eshness
evuluutad up to 7 days. Tr-aits were also made blends of wheol, mal ze and
p08d rniHet: .

I It was established that the coar-ser the gnll1ulnlion of rnni t e and perul mll lr-l ,
the higher th v lume of the bread baked from them. Frashness and shelf-life
proper tl s were also better for coarser granulations.

/\ 1% [w/w l addition of DATEM br-ead impr-over h icr-eas ed volume nnr!
f n~shnes" over malt -lecithin bread improver'. However I volume lncr ense was
even more with a 2% addition of bakery fat.

1 he effect of blending more tha n 2 cereal in bread wa found to be additive.
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1. INTRO()U TION

The idea of the composite flour bread has been the subject of scientific
investigation for a long tim. Th original aim of the composite f lour
programme illitiat d by the Food arid Agl"icultlwal Or qanf snt ion (FAO) in 19G1t
wa to determine thr-ouqh intensive r eaear ch whether it i pos ible to produce
a wide rang of acceptable, high quality, nutritious bnk er v , conf ectlonar v
and pasta goods, [rom flours arid s tar clre s o t he r thnn wlrcnt . that c. n be, 01"

are being produced in major wheat.- importing courrtr les (F 1\0, 1969).

Incidentally, the FI\O concluded ill t.hnt a s cientit ie bt"f'..II<t.lwough call finly
be ochieved by pr-ocluc ln q a trul v synthetic or substitute Ior gluten [F 1\0,
1910) . It c Iso went on to say that pr oduct lon of a s y nt he tic gluten would not
be possible because of the hi host of the amino . iris pr-esent ill gluten and
th 18 k 01 knowledg _. concerning the s v nt he t i pnt hwnv s 01 9tulcn. tinnily,
th FAO soid that the use of iompos it o I lo ur s should not be promoted ill
competition to th present use of whent floUl- and that products I r om

omposite flours should find theit· place on the conuner cf al mark et 011 ,,,pit·
own merit. The FA (1969} also noted since 1l1;:)IlYof Ihe norr-wlrent pt·orlur.infJ

ountrie produ e other cer-eals su h as rnai ze . sor qluun arid mil le t in
substantiol quunt.il.ies , it appears logi tll f or su h count r ics 10 rcplaco . ill
I asl in part, imported wheal f 10Ul" by ot her IIOUI"S which tll"r, locntlv
available and relatively less expensive.

With the CIJITent Fconomi Recover-y r l'Ogl"iJIIlIJ1C (rHP) unrlr-rwny ill Ghnnn and
the projected ill r ease in the yield of local cer eal s tht"ollJ" the illlt-oductioll
of b tt.er varieties and fanning techniques. the FAO 11969) statement anuot
be over-emphasl zed.

Olatunji et al (1982) as well a man yother" llutllOr"s· inclucling the r 1\( (, %9)
lTIeintained th _t with the conventional br aad rnak irrq met hods . oul v 10% of t ot.nl
flour was the maximum s ub s t lt ut lon possible if sigllific. lit det er iorat lon ill the
resultant bread quality i to be avoided. l lowe v er-. .wit h I he recen! as ser-t.lon
by BrOmm r -.! al (1988) that, in the substitution :of other cer-eal l lour s ill
bread, th coors r the non-wh-at Ir a lion the bet t er . this hi,hpl"tn

onventional belief is all d into ser iou s question"

Another very important faclor in the pr'uduc t ion of .ompo s it.e Ilour brends it:;
how well the qualit v keeps after baking. III many devr-dopiflrJ coun t r ie s nud
for that malter Chana. br ead i kept fOI" a few c!::lYS bof or e bcinq cOlllplr-I(!ly
consumed. 1\ kuowlcdqe of how Ihe shelf-life 01 hrend is nf I cct ed by 11If'
lutr-orluct.lon of other cereals is t her et or e neces sar v .
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This wor-k tr ies to establish how the br ead quality changes with different
levels of substitution of maize and peal'! millet in wheat br-ead , A ~weatel~
att ntion is paid to the particle size of the maize and pearl millet additions.
Two and three different qr nnulatlons wer-e used for read millet and malz e
respectively. An invpc;1 i ::I' inn W;t'; :11';0 :1""j"c! out Io dc:ll'"I'ntillc wit ~t"I' Of Iy

advantages uld b gained tram the cornbiuat lon of wheat. mnlz e and peat"
mill t. Ilow the f'"e hne s hanges ov er a period of 7 days was also
determined.

I
I

"
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2. IT RATURE R VIEW

Maize [Zea may~ L.) and Pearl Millet (Pennisetum americunl,!~! L. Leeke) nr e
among the major cereals grown in the warmer and drier parts of the world
(Kent. 1984).

2. 1
2. 1. 1

Physi 01 'hara t ri ti s
Maize

Maize grains ar e the largest cer-eal seeds with a 1000-se d weight of between
2000 and 3000g. The largest fraction of the grain is the endosperm, which is
largely composed of stnrch . Other anatomi ally impor-tant par t.s of t.he mal 18

grain are th tip cap, the bran Iay er and the genn. Maize m<ly be while
yetlow or r ddl h in colour (Kent. 19B4). Maize may also be classified based
on it hardness. Flour orn is very soft and char ac ter lzed by soft andoaperm
throughout the grain. Flint corn has a thick, hard, v ltr-eous endospenn laver
sur-r unding a mall soft ntre. Dent. or n is ommerciall y t.he mos L
important. It has a orneous horny endospenn at Lh sides < lid back of 1IH'
grain whil t.he centr-e soft (Johnson, 1991).

2.1.2 Pearl Millet

Pearl millet on the other hand belongs t.o a br-oad group of millets wit.h ver-y
mall eed iz . Grain olour range from white, yellow and tan to gr v ,

green, purple nd blade The qr alris of pearl millet have an av er aqe 1000-
seed weight of about 8,90g (S rna-Saf dlvar et al 1991) . Hoseney and
Varr-Iano-Mar ton (1980) r epor-ted that (a) th germ of pead millet i lar-qe ill
proportion to the rest of the kernel and (b) in any qlven sample , the r at!o
of har-d to soft endosperm var-Ies cons lder-ab lv , Af t er exarnluq 5 pear l mlttet
samples, Sullins and Rooney (1977) found that the testa layer was absent in
all of them.

2.2
2.2.1

hemi al
Maize

ompo ition

The chemical omposition of maize varies considerably as Ll result of the
numerous types of the rop being qrown (Johnson, 1991). Dent .or u 1);1, an
average protein content of about 10,0%, fat content of about l1,5% and
approximately 3,5% crude fib!' . Th ~ mineral matt t" cont nl i about 2,0% with
a arbohydrate percentage of 80,0 on the av eraqe (Kent, 198Lt). Howling
(1980) reported 7tJ:26 as the amylopectin:amyJose ratio of maize st ar ch .
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2.2.2 Pearl Mill t

The chemical composition of peal"! millet is also widely v nr inb le . Pr-ot ain ,HId
fat p .rcentnges of up lo 13,6 and 5,/, r e spe lively have been 1- por t ed
[Kerrt , 198'-t). Th same author also published " mh ier nl 1I1~ lIel' ollleni of
1,3%, 1,8% crud fibre and carbohvdr-nt.e of up to 77,91, f or pcnr l millet
grain

2.3
2.3.1

Milling Characteristics
Maize

Th maize 91-aill i difficult to mill. It L 1;:]I'ge, he I'd, l l: I ,HId ill mlditinll,
ontain 18I"g r 9 rrn than o t h -'" ereals. I hi' genn which i 3ll% I at IIlUSt

b remov d if th product i to be stor-ed without becoming r an id (I loseuev .
1986). Th milling of m: ize mayor maynot include the r emov al of the genn.
Non-de-genning dry milling is car-r-Ied out tr adl t.lonaltv ill Sill" II qr is t mll!« 01'
in modern roll r mills wi th sift "5 ond pur-lt ier-s . I he mal z e io; q,'olllld to 1II.II<p
coarse whole rn 01 of 85 to 95% e x t.r act ion r at e [Kan t , 1981/), rile ob]e tive 01

. the de-genning is to remove the bran and genn and to recove,' the clldosrenll
in the Iorrn of grits, semolina and flour [Porneran z . 1987). The maize is
clean d and wat r is added to incr-er se the mols tur e content to about 70%.
Th mol tened grains are t.empered for up to 18 hour s an d this touqhcns tlw
g rrn end bran making their separ-ation eas ier LJob n son . 1991). nce the germ

nd br n ere r moved, the endosp rm i reduced in siz by roller mill in th
fashion of wh at. milling. Sometimes, the milled maize products ar e dried to
redu e the moi tur-e ontent and to improve the helf Jjf (Hoseney, 1986 J •

2.3.2 Pm,JrI Mill t.

A cordin to H Iw (1977) I the milling of pearl millet may be classified ~n 2
way: la] I he milHng For starch extraction 01- wet milling and (b) dr v mill inq
for flour produ tlon , In many developing oun tr ies millets ru-o still
decorticat.ed and groun I wit.h EI mor-tar and p 1I 01' with gl'inding slone
foltowed by winnowing or wa hing at various stage to r emov e tile bran .
Th s e milling t chniques ar e labour int nsive. For example, ill Seneqnl (West
1\1 rica) ,one person spend up to six hour P ,- day milling whole millet
grain inlo [lour required to leed on family ill on clay I er nn- aldl var el

J 1991). Th an" ly s is fOI" to Itour pr-o ducad by lhese tradition •.1 method was
10,3% protein, 3,55% celtutos e and 2,7(g/100g pr ot.eln l ly s iue lCou s snult nud
Adrain I 1977 J •
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A numl r of industrial milling pr oces se have been devised Ior the pr-oduc tion
of pearl millet flour. The SOTRAMIL and SEPIAl pr oces ses were de scr lbcd by
Gous snult and Adr aln , (1977). The S "1RAMI L pr-ocess which WrJ developed
in Niger (West Africa), involves the washing of the qr alns and qr adlrtq to
r emov large lmpur it les and mall malformed qr ains . 1he washed g" ins are
then dehusked In a "Bavaria" dehusking rna hine with a hor lz ont al millstone.
The dehusked grains are grinded by attrition and th~ 1 low" separ-ated by

tfting. Her e , the xtraction rate i 6 to 75% an d the ave,'age p ar t lol size is
LIO um.

In the SEPIAl process, superficially dampened grains are dehusk ed in two
operations. The grains are placed ill an appnr nt.us wher-e the r o tntlon of 0

vertical arm equipped with paddles r eaul t s ill 'he rernov al 01 the perlcnp by
friction of the grains against each other, 1he hu s k s ewe 'hen mecl mnicnf lv
separated f r om the grains. III the se ond decor tlcat.ion . the aleurone. par t s of
the germ and scut lIum 81"e removed. Finally, of tar qrin df n q , 80% of the qr nin
is y ilded a meal. Reichert and Youngs 11976. 1977) oneludecl that in the of
milling of miHets ond sorghum. ab r ns iv e mills m'p rnor e suil[ll If' Ihrlll nt t ri t lon
mill. 1\150. mechr ni ally dehulled qrnlns lost mnrn oil. nr,h nn d IlI'oteill t lrnn
did tradllionally dehulled qr ain s at the same e x Lr actlon r nl n ,

I In the wet milling of pear l mlllet. st ar-ch yellds wer'e lower t hnn t hosn
obtained for maize and sor qhum [Ser nn-Saldlvar et <II 1991).

I 2.f' Composil Flour

I

omposite flow-s may be cons lder-ed as a cornblnat lon of wheat and non-whent
flours for the production of leavened br eads . 01 he,- bnk e d products nnd
pastas (Dendy, 1988). The deg,-ee of substitution of whe,~~ flout'S and the
types of substitute' may v arv from yer:w to y ear nccor dlnq to tlw avullabf li tv
of the non-wheat sui stitutes and the type of pr-oduct des ir'ed 1 UNECA/FAO.
1985). Many authors including FAO 11969). Otntun]l et ~ (1982). II l)I"iJlI1iJ11i0111

and Jambunathan (1988) have suggested an upper limit of uori-wlreot I ~OlW

substitut.ion of 10%. Higher levels of up to 25% wer e how eve,' sugqe Icd by
UNE A (198 l . Although a lot of li ter-at.ur-e on ompo sit o flo~"" ill (")('11£'1'011 is
availabl, v ry liltl is found Oil the dlr t compnr ison ' of the v ariou s
compo ite tlour breads. 0 ndy (1988) noted thot most of the compos lte flow'
research was on cassava, not very much on sorqhurn aud ver-y little on the
mill ts. III Instances where more than one norr-wltent 110\11' has been added tu
wheat flow- in baking, the emphasis has been 011 the addition of n cruen] and
a legum to improve th pr-otein content. Very llt.t.le li ter nt.ut-e is Iouuci on th
addition of two or more coar-se cereafs to wheal in ;:lIlY par t lculnr pr'oduct .

I
I
I

I



With I'egord to the particle si ze of composil f Iour s • tile t endeucv lip till flOW
ha been lo _im for v ry fine Ilour . In its '"] echnicnl Compendium 011

Compo it Flour" the UNECA (1985) stated that WI he f lr st lmpor tnnt
characteristi of the flour is the particle si ze . which should be nlrnos t the
same a that of wheal flour. and should pref er ab ly 11P smaller t hnn 1-;0
um .... ". a ier et <:1 (1977). Oendy (1988), Subr-arnaninu <111<1 Jmubunathnn
(1988) als r e ornmened the small part lc!e s iz of the nori-wh lit component.
Pert n (1977) however reported a higher specifi volume for composile flout'
bread with a mill t fraction of particle size great r than 125 urn as compared
to that with fin r flour. Koleoso ~J~I (1988) repor t ed thnt in the us of 100%
non-wh at f lou in bread baking, the suilable particle size r ariqc w: s between
152 urn arid 306 urn . BrUmmel' et 01 (1988) s tnt e d t hrit fOI' OllH"I' r.ul'e"ls apnr t

from wheat and rye. coar-ser flours are to be pref ered In br end mak lnq ,

2 .n , 1 H heological Properti s of Doughs

Most of the published wor-ks on the rheological pr'oper-t ie s of douql rs f 1'0111

ornpo ite flour have been on legumes and root Cl'OpS mix tur es . 1his tnlly
apparently be due to the relative ease with which legumes and root rops
could be milled to whe t f lour particle size fOI' which most t'heological
instruments are designed. U illq dltf er'ent lequmes • Snthc cl ill (19111).
Dashpande ~! ~ (198 l. Kallnsapathv and MncNe!l (19B~:;) n~pol'll'd lncrens inq
I v I f wat r absorption n the legume otnponent increased. Yous ef nnd
Bu huk (1986) however found a d cr-ease in wat er nbsorplion as wheal flour
wa mix d with L legume concentrate. Ac or-ding to Olntunji et ~l (1982) nnrl
Bamid I ~ al (1990). w - t r absorption al 0 ill I' ased with the substitution of
sor hum and pi nlain flout'S r espe tively. All the OIl ov o men! ion ad . uthor s
also reported to various degt-ees. deer ease ill douql I l-eslsl'lIlce nrrd doucjh
elasti ity as we" as lncr eus es in dough development times. I he I'nl-'H"I'
complicated nature of the rheoloqlcal pr oper t ies of composite f 10uI's W<lS

summed up by Howllnq (1980) that , "I hat t lie st r uct ure of a Illolt'n"" shottld
affect it. rlH'!ological Pl'opcl'tics is obvious lo ,-III; pr cc lsel v how j..; wl iat 111,,1<1",
lif inl re ing".

2 .fl. 2 Composite Flour Breads

Generolly, there i n dr op ill loaf volume a l iiql icr pel'c(~I)lnq(~s of wl ient ;11'(>

replo ed in bread product. l Hos enuv and Vnr r-lnno-Mnr st on . llJHO), I\s I/If'
con entration of the substitute flour increases. the cr us t colour dm-k ens
progressively ( athe et al 1981), Bread on t t ining millet l lour s h. ve bee 11

reported to have ex eH nl Havour l Bad} et al 1976. Crrs ier (~l "I PH? nn d
Basse, 1978).
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The improving a tion of millet flour' added to wheal f 10UI' indicated that the
millet. flour contained a highly active a-amylase system (Bad; at C!.I 1976).
However, th re no evidenc that all millet var-ie tie: ontain such an active
amylase syst m.

2.5 Bread Freshness

The quality of baked produ ts deterlorat s af t.er baking lor dirf er-nt reasons
and at diff rent rates (Spicher and Pomeran t , 1985). Seibel ~t al 11968)
defined staling of bread broadly 85 all changes that take place after baking.
The chan es that occur during the st.or-aqe of bread may involve anv , 01' 011
the following: loss of crust cr lspnes s (or shortness), flavour hanges,
microbiological attack and crumb finning l Mar st on • nd Shor-t . 1969) .
According to Pomeranz (1987), crust staling i caused almost ent ir elv by
moi tur absorption from the atmosphere and the Inter-lor f Lhe loat. As Lhe
moisture redistributes, the cruat becomes tough and leathery. Cr urnb s tallnq
is howev r more compli ated. Firmness or freshnes is usualtv measur-ed by
determining the fore r quired to compress a slice of I r ead and by sensory
evaluation. Crumb staling is often confused with d,-ying out of bread but
Pomeranz (1987) cited Boussingault as having shown as ear-lv as 1852 that
bread rumb may stale without loss of moisture. The significance of starch in
general and amylopectin in particular in staling is implied in many indit·e.t
findings [Llneback , 198LI). ince the ear+v wor k of Katz (192B), it has been
b lieved that staling was au ed by lhe r-et.roqr-adatlon of s tar ch . However •
using the Differential Scannlnq alorimetry (DS ), Hoseney (1987) showed
that retrogradation and bread r-urnb firming are two separ-ate evenls which
only happen to occur at the same time dur inq storage. ~ taling basically
however continues to be a matter of consumer judgement, involving several
sensory perceptions. The e include the firmness of the rumb , the feel of t.h
surface of a ut stlce , odour, flavour" and mouth feel (Pomeranz 19B7).

,_



8

3. MA1EHIAL AND MEfI~OD~

3. 1
3.1. 1

Materi 15
Maize and Pearl Millet grains

MHi7e (Zo ITIU " L.) g'" ins yellow in colour and gl-OWIl locally Iill Cerrnr IlY)
wer obt Ined from th Lippis h H uplgenossenschnft t Detmold . ermnn v ] .
Th pearl millel (Pennisetum nmed anum L. Leeke) grains of tan a/our wel"f~
obtr ined from C. Hahne MUh/enwerke (Bad Oevnl rausen , Cerrnan v ) ill the
Summer of 1991. The grains were kept in pape," bags and s t or-ad in 0 I I
room at goC until n ed d.

3.1.2 Maile and Pearl Millet Milled Products

Ih milled products namely grits. semolina and flour used in the study WPI"P
obtained by milling the abo v o grain to VOl"yi1l9 degl"l:~c",. I lip milling
pr'oce se ar'e descr-ibed under se ti ns 3.2. 1 and 3.7.2.

3.1.3 Wheat Flour

The wheat. Ilour used was obtained f r orn the Bundesansla/t fiil- Gel I"eide-,
I<arlolfel- und Fellfors hung ill I etmold, Ccrmunv . It had been mill ed f r om
locally gl"own har d ummer wheat wit h a 78% ex tr act ion r at .

3.1.1, Oth r Ingredients

ugm- I u ros l. salt. qr oundnut f at . f r e h bak inq yeast, uscor bi acid
lulion (0,1% wl w ), sorb!c a id as well [I mall-Ie it h in and [incet.vltar-t.ar!c

acid s ter (DAl EM) br ead hnprover s were used. These were . also obt: illed
fr-om the Bun lesforschungsan talt in Oelmold.

3.2
3.2.1

Methods
M ize Milling

Dry milling f maize wa mechanically card d out a follows:

I (i) lennln
The maize grains wer leaned in a Granole t (DGM) 71 cer eal r:lp;-lnCI" [Knlk er'
1 rleurfabrtk , I(o/n. Gennany) to remove dust and hnpur+t les .

I
I

(ii) T In erine
A comput.ed omount of water WiJ5 added to the gn:lill to r ai se the 1lI0istUI"P
content \.0 20%. 1 II water and the qr ains wer e mixed ill :1 J. [-lIgplfll.1I11l
A.G.(Ludwigshafen .Rh., G rrnany) rni x er Ior 90 min. lhe wet ql"ains WCI"e
th n on !ition d overnight for 18 hrs.

(iii)

I
Th temper d qr ain s wp.l"e crushed ill a r otler mill with 3,5 QI"(10VPS/CII1. 'lit'
rushed qr alns were th -n pns sed twice thl"ough n IJI"~1I1pol lshur wit h :nOU urn

me h op niriq to remove the bran and gel-ms.
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l lv ]
The above wa then milled in a BOhlel" I\utomntic IMl U
202) Iabor-ator v mill fitted with sieves of 1'150 urn, 1250 um and lOUD urn mesh
sizes. The different granulations produced from llli mHling were mixed in <I
( ng lmann l mixer fOI" 90s. The re ulting pl"odli t WR!': cI ~i'll1 t.c-d 05 ~.-il!:i.

[ v ] emolina
A portion of
(Br aunschwelq.
Iract.lon . 1he
semolina.

Pr'orlu tion
the grits f r orn [Iv ] wa passed twice tlu-olI~lh II MII\G

ennany) semolino po+lstrer to procluce a I illel" nnrl n ["0.11"5(>1'

two f r a tions were t hor ou qhlv mixed <'111(..1 dns iqnnted DS

(vi) Floul' Production
A part of the semolina pr-oduced in Iv l was milled nt a r nl e 01 1,61<9/11 to
produ e mai ze flour.

3.2.2 Pearl Millet Milling

Dr v milling of pearl millet I"ain~ WO~

below.
IT;'U out mechanic. lIy as des r ibed

I . ) Dehullin
The p 01'1 mill ~l grains wer e dehulled in 500g botches in a r .11. chule GmbH
(Hamburg, Germany) Barley P ar-ler for 7, 51l1in and cleaned by asplr atfon .

Ib) Semolina Produ tion
The dehulled grains wen! milled in n BOllle,' labor ntorv (MI U 7021)) dutum
mill, poli hed in n MIAG semolino poll h-I' unci designated as p ar l millel
semoli n a .

[c l lour PI"odu tlon

A part of the semolina produ ed in (b) abo ve wns milled nl a nlte 01 7,8kg/ll
produ e pari mill t flour.

3.2.3
3.7.3.1

Partlcle Size ( ieve) Analysis
Wheal lour

100g arnpl wa ospirat.ed for 5min through a 75 urn mesh s iev e on nn I\lpine
A. G. IAllg burg, Germany) . ir suction sieve and the per c 'ntnge r-etained 011

the sieve r e orded.

3.2.3.2 Moize and Pearl Mill "I. Fra tion

100g sample wa agitnted on (J. Enqelmann l sieve sl iak er 10'" Smin nn d II\("
percentages ,"elained on dlf ferent mesh sizes recor-de d .
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3.7. '1 Flour Blending

Various percentages by weight of wheat flour and maize Hour as well ns
wheat flour and pearl mill t flour were blended f or 3mln, in a Cebr. -Lodlgp
[Poderborri. ermany I labor tory f lour mlx er . 1 he samples wer e then s torud
in a Id room at 80 until needed.

3.2.5 Proximate Analysis

Ash and
Standard
Methoden

rude fat conlenls were det.ermlued accor-dln to thp
meth ds of analysis (I No. lOLl) rind ACr 1197H)

fOr C treicle Mehl unci Br-ot INo. 87) t'espcclivcly.

I" 1198G)

- Stan dar d

The autornatic l<jel-Foss apparatus 116210 N. ross Elect r!c . Dpnm;)d<) wns
used to determine the tot nl nitt'ogon content nccor dlnq to IIw p"ill iplp of t lu-
mi r -Kjeldahl pro edure. The conversion f actor 01 1,7 1at' whee L W'1S us ed
for all the compo it flout'S as well.

3.2.6 OLhp.r Detp.rrninntions

The Falling Number .
detennined <: ccording
respe lively.

wet gluten per centuqe nile!
to I C tnndnrd Nos.

eel imen t at i011

107,1:11 nn d
Values WCt'('

116 i 1qll(i )

3.2.7
3.2.7.1

Rheological
Amylograph

haractedsli s of Doughs
'haracleristi

Th. peuk vi co ilies a well as lhe initial and peak qelut.lnlsat lon temperatures
of the wheat and composite flours were determined according to Ice tandard
No. 126 (1986).

3.2.7.2 'arinograph haracleri li s

Th Brabend r F rinograph was us d to study the dough har act er ist ics
during the mixing of wheat and the var iou composite f lours with wnter . Ihis
was carri d according to I C St.andar d No. 115 (1986). r r om the I;~winogn:)ph,
th dough development time [rnin ] , dough slnbilily [mln l . douqh l'C'!sist.Itlc:t'
[min l nnd the degree of sot tanlriq Iru: wer e computed.

3.2.7.3 Ext nsigraph haracteristics

The lough r sistan e to extension (Hill), dough extensibility II), llu>
pr'")portional number (Rm/ E) and the dough tr eriqt.h ( ) of Illp dough. 1"011I

wheat and th compo it f lour s wer e determined according to I t ancla nl
No. 1111 (19136).
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3.2.7.ll Alveograph har a risLi

Using th hopin alveoqr aph , the maximal ov er pr es s ur-e , (P), which I In
rei tlon with the resistance of the dough to def or-mat.ion . the swelling in lr-x
( ), the cur ve onfiguration r at.io (P/L) nnd Ih(' woik t'equil'pd 10 dr-Ior-m 1.1.
of dough (W) were alculated a cor din to the I' No. 121 (198G).

3.2.8 Baking Pro edures

Bread was proce d f rom 100% wheat fl UI" • s well as l rorn 10%, 70%, 30% nnri
40% wh at f lour repla ernenl.s. 1he substitutes wer e mni zr: flow", Ill. i/f'
semolina, malz e gril , pari millel semolina an d pearl millet I tour . I he most
desirabl granulation of maize and pearl millet wer-e selected rurd br end f rom
mixtures of wheat, maize and pear l millet with these granulations pro essed.

3.2.8.1 Ingr di ns

Whenl Iioud plus ,'eplocmnenlc; (11,?, m.I>.)
!-t"p<;h yaOG ISUCd'Bf'OIll ces cer vls ln l UJ1I. IJIIW

alt
ug r [sucrose l

Groundnut fat
Bread improv r ( ee 3. 1 . ,~)
Ascorl i acid

orbi acid
Wat r a ording to farinograph ab sor] lion

100I,
1.8
1

1
1
0,002
0,2

'1 able

p:w' .;

pt:\I" Is
pill"' 5

pitt't

P;:l1 t
pad
pnrt s
P;:1I" Is

'I)

.2.8.2
3.2.8.2.1

Dough P epar ion
Maiz Grits Replacements.

Due to th har-dn 5, of the qr it.s . equal qunnt.lt le
boiling wat r w re leH to stand f or II to 5 hour
into the other ingredients for elough preparation.

by wei!:.)"t 01 qiits ru rd
bef or e being incoporut ed

3.2.8.3 Moulding and Proof Ing

The dough from 3.2.8.2, was shaped hy n
Backereimaschinell, Dorlmund, Gennany) mechnn ical
pre-greased aluminium pans and proofed l t 32° and
wh at dou h wa proofed for" 70rnin).

r I" i1.1(10 'I. I '"ueck
moulcler . parured in il

80% HI! 101" GOmin. '100%

3.2.8.lI Baldng

The pr-oofed doughs were bak ed in a ML tador' 'Wel"nel" [, PI le icler nr] oven at
230°C for 40 min.
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3.2.9 Cooling and Measur m nt

The bread was -ilowed to cool at room temper-atur-e for 2 hOUI-S, bagged ill
polythene bags and stored in a warm cupboard at 280 and 60-65% RH. After
24 hours, the following measurements were carried out.

(i) Loaf weight (g).
(ii) Loaf volume ( c) by seed displacem tit.
(iii) Loaf volume yeild I L VY) ::: Loaf volume X 100

Flour weight

(iv) Bal<ing value -= Loaf volume X POI"e f actor
100

= Baldng value +/- Cr-umb value(v) Evaluation score

The loaf volume factor ILVFt is
below:

LVY 300 31::6
LVF 0 6
ie. for volum

f LV Y ~ ltOO has I V
added to 100.

The Pore valu
fine pores and is

PV 1 2
PF 30 LW

related to the loaf volume y~~d as shown

389 qOO q30 q72 r.:20
89 100 11 136 160

yeild between 300 and LIOO, (LVY) 300 has (LVF) 0 rind
} 100. Whatever that is over LlUO is divided • y l < lid

IPV)
related
3 IJ
50 60

are on a 5 ale of 1 = very
to the por e factor" (PF) as
5 6 7 8
70 80 90 100

oar se pores Lo 8 =- vcr v
hown below:

The crumb value wer-e computed tak inq into account the loaf form, r umb
textu e, pore distribution and crumb alast.lcltv .

Ia) Loaf Form
Oeser; »tlon
Good
.Satisfactory
Somewhat flat
FlaL

(b) Cr umb
( es~~lon
.oar se
ornewhnt coar-se

Somewhat soft
Soft

oft ill<y
ilk y

Value
o

(- 5)
1-10)
(-20)

Texture,
Valu-----

()

(-110 )

(~'15 )
(~20)
(-130 )

( 1 LIO)

I) rumb lasti ity
Descd tion Value

ood 0
Somewhat good (- 5 )
Satisf actor y (- 30)
Questionabl (- 75)
Unsatisfactory (-100)

(d) Por-e Df s tr ibut lon
Descl"i tion VQlu
Unifor-m ( I'J)

omewhat unifonn 0
Not unif orm (-!»)

(vi) rumb and crust char-actarts ti

These were determined by sensory evaluation on a scale of
6 ::: very bad and r peated every th r day up to 7 days.

= very good to
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3.2.10 lora Conditions

The loaves were rapped in polythene bags as de scr lbed under 3.2.9 nd
stored in a WArm cupboard at. 28°C and 60 to 65% RH f 01- up to 7 days.

3.2.11 Freshn s Masur m nl

-, he softn s s of bread was measured by means of two lrrst.r umunt.s . nmnel v Ihe
Ponim t.er and Pen trometer.

3.2.11. 1 P nirnet r Measurements

An I. . F. B; TN (Wagenin n . Neth r land ) panlrnet er was used. Her e the
behaviour of a d fined part. of the bread crumb durlnq COlli!r es sion ;]11 I
relaxation wa measured.
A br ad sli e , 3 m t.hi k wit.h parall I urf a was ut . A s tion of t.h
crumb, 5 m in iam t.er in the centre of the lice wn removed with • met Iii
cylinder. The compressibility arid relaxation were r ead Ir'om t.lre cur ve and
t.he elast.i it.y number cal ulaled accor d}n to the r o ln t.i n:

Ela ticity Numb r (EN) = Relaxation X 100
Compressibility

3.2. 11 .2 Pen l.rometer Measw'emenl

A ( UR Berlin, Germany) penetromet r was used to measure the penet.rnbltlt y
in (1/1 Omm ] ot a bread crumb by a prescibed weight. A Scm thick br-ead slice
wa cut. A st n il in whi h 5 equally spa ed hol had been lunched was
placed n th ut urf ac c nd th point mat-ked out. 'are was taken so as
t hav all points at least lcm from the r-ust in or-d r to r educe differen es
in m a urem nts to within 30 unit from ach oth r. The rh asurements were
made at th marked points 01 both sides. A pr scrib d weight of l'73g W1l5

applied at the point for 5 and t.h depr'es slon (1!10mlll) meus ur d. l lu:
average of 10 rending per sample was I- por ted ,
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tl.

I •• 1 . 1
Phy i al h r a l r is ti
Maize and Pe rl Mill Mill d Produ ls

As .- r esutt of th I. '"9
wa po ible to pr oduc
0: again. t 7 9ranulc: tion

siz and r alat lv h. r dne s s of the 1114117e qrains . it
3 dlf t or ent granulation (g,"its, semo+inn and flO\II')
(semolina and flour) f r om pearl millet.

I IL 1.2 Parti Ie Size (Sieve) Analysis

LI2,!:>% of wheat flow- was r tnlued 011 a 7~) uiu rnes h nl t.cr IwilH) dspit'all'd 10'"
5min 011 on /\Ipine I\.C. [Au sbur q. Gel'l1HJI\y) alr suction sieve lIable ln l .I

I
1 able tb & c. show t he percentages of maize and pe ar l millet jr-nnulut ion s
retained on the diff ,"enl sieve me" openings. I\lmost 90% 01 till' mnl zn cjr h s
wa rel in d on h 1000 ,..nn s iev e . Whll OVP," 50% of maize 110\11' wn. passed
thr ugh th 750 m si v , Ie , than 2 % t mai z sernolinr passed thr'ouqh the
sarn i ve ( Iabl 1b) .I

I
Whil over 90% of the p .a,-l mill "t flou pa through th 11:0 Pill slcv , the
am unls f pear-l millet ern Hn pa sing th,'ough the 150 urn iev e n<; well ns
being r lain d on lh 1 0 urn and 21:0 urn s iev e wen! al pr ox imnt "'y equal
ll abl lc l.I
LI.2 Proximal Composition

I 11'1 wheat f lour had a wet glut n onl.ent 0131,3%.

I Table 2 show the proximote composition 01 str-alqht and composite flour's on
dry m H r basis. The data reveals thnt :

(c:) l her w re wide dif] er en res in a, h
flour and 0.lI9% for rn i z Ilour . Wh t.. t
H nce , c h cont nt of .ompo ite flour
anrl rll?creoseri with mniz e odditions.

.ou t.ant with 0.97% lot' peurl millet
fl ur had an ash content of n. 6LI%.
in reased with penr l :milll?l ndrfi t ion s

(b) ar l mill t flow- hr-d 0

ont nl of wheal Ilou and
giving their" composit flours

11 th other h< rrd . rude
add d 1.0 wh at 1low" up to
flout" .

hiqh rude f. t content of 2. ',31" 1 hp r r url 1at
maize flour were 1, ]0% and 1,26% I'PSP(, t iv elv
a r elat.lvelv on st ant fnt onLenL 01 nbout 1, 7R%.
f t onlent in r e as ed iJ morr- rp,wl lIIillet W;l';

level of 1, 7lf% f or" (10~ wheiJt!lllll, pe.wl fllillpl

( ) The whe t. flout" hod OJ protein
maize all Ire. r l millet Flour-s were
result, pr-oteln ont.eut decreased a
to wheal. flow".
~d) edlment.at ion vnlu ,0" wh 'at flour was )},
parI mill t fI ur w re add d. rile rat of d
addition of pearl mill t flour.

onlent of 11,lJO%, P,"olpill contents 10"
10,60% nn d 11,6n% /'cslwclivcly. I\s n

mai z nnrl pnar l millet f lour s W(~I'(' ,Hldpc!

1his decruas ed ,IS 1Il0ilP nn d
r aas e w.' s hiSlhe,' wl t.h the
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Table 1: Dar:icle S'ze Sieve; ;ra~ys~s

~a) 42,50~ of the wneat flour was rEtaineo or a 75 ~m sieve after aspr"a:"or fop : ~ln

(D) % Reta"ned on siewE openlngs
Sample

cass tnrougr
1000 urn 750 urn 500 urn 250 ~rn 25C urn sieve

Maize flour 0.20 0,60 :3.14 3:::,60 52,46
Maize semolina 0.20 6,55 23,59 47.18 22,48
Maize grits 89,11 6,25 3.02 1,01 0.61

,-I)

~

( c) ~ Retained on sieve openlngs
Sample

ass throug'
500 urn 450 ~m 250 ~m 15C flm 150 urn sieve

Pearl millet flour 0,00 0,00 0,20 8,03 91,7
Pearl millet semolina 0,00 3,40 32,83 28,83 34,94
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Table 2: Proximate compositior cf straignt ana comDoS~te flours on cry matter Das's

Sample Sed iment a t ion JI.sh Fat P....otein
Values 0 It 0,

ID 10

~OO % wheat flour 32 Q,64 1.30 :3,40
lOG ~ maizE :lour - C ..49 . ?r 10.6_._0

100 % pear' millet flour - 0,92 2,53 11,60
90 % wheat/l0 % maize 29 0,62 1.28 13,00

1.0 80 % whea:/20 % maize 27 0,61 1,28 12,70
70 % wheat/3D % maize 24 0,59 1,29 12,30
60 % whea:/40 % maize 22 0,37 1,28 11,9
90 % wheat/l0 % pearl millet 28 0,67 1.40 13,10
80 % whea:/20 % pearl millet 24 0,70 1.35 12,8

% wheat/3D % pearl millet 19 0,73 1.61 12.60
60 % wheat/40 % pearl millet 1 r- 0,75 1,74 12,30_:1

- - - - -
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'1.3 Rheological har a leri ti of Dough

The wheat fl W' had Falling number of t.o1. This decreased as maize and
pearl mill t flours were added. (Table l. Here the ,-nte of decr-ease was
higher' with the. dcilt.ion of mnl z e flour. 90% whent/1U% maiz e l lorrr' had a
Fallin number of 352 as against 388 for 90% wheat/l0% millet flour. Falli119
numb .r. for 60% wheat/40% maiz fI UI- and 60% wheat/40% mill t flour wer 28LI

nd 360 respectively.

4.3.1 Amytograph

Th amylogram char-act risti s of the f lours ar e shown in 1able J. rhe wheal
fI ur had inltl I and peak gelatinisation temper-atur-es of 62, So and 88,00

respectively. 1 he maximum viscosity of wheat f lour- was 8ll0AU. As maize f lour'
was ubstitut d for wheat fl ur . the maximum v iscos lt v and peak temper-atur-es
dropped. 100% maize flour had •. maximum vis osily of '110l\U nud , pcal<
gelatinisation temperature of 80, OOC. The r e ver se was tile cns e few pp;-wl
mill t ompo it flou s . Max imurn viscosities and peak t emper-at ur e s ill r-eused
with pea I mille flour substitution. 100% pari mill t had a maximum viscosity
of l6lfrAU and a peak temperature of 90,OoC.

Table 3 c Iso show. pearl millel as having a ver v high n-runvtase
despite that, high maximum viscosity value . 1 his may be due
hi h initial . nd peak gelatinisation t mp rature of 74, OOC
r pectively for pee d millet flour. As a result, the a-amylase
probably inactivated before the gelatinisation pr'oces s of mill t
c mpl t d.

act ivltv nnd
to the very

nd 90,00

system was
.t.ar ch was

4.3.2 Far-inoqraph

The farinogram behaviour of dough
compo it flour I I ends ar presented
flour wa 6t~,O%. This in reased by
substitution with maize flour.

made f rom wher l nd the v nr iou s
in Tabl LI. Water 'absorj Lion Ior wheat

an averag of J, 1% f 01' ev vv 10%

The wat r ab orption f 60% wh t/40% m ize flour wa 68,5%. 0" the other
hand, water absorption decreased by an aver'aqe of U, 9% f or' every 10%
substitution with pearl mill t flour. 60% wheat/llO% peal'! mill'l flout' had a
water absorption of 60,5%.

ou h I velopment time f r pearl millet ornpo ile flout, r ariqe I f 011I 2,~)lIIill
to 3, Omin. Thi c mpa ed well wi th that of wheal flout- of 2, Smin , l lowcv er.
dough development times for maize compo lie Ilour s increused s t.cr clily to
7,Omin for 60% wheat/tlO% maize fl ur. Thi followed the qerter al tr-end
reported by ath ~.J (198tL Olat un]l et 5..l 11982), Youssef LInd Bu shuk
( 1986) among others.
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able 3: Amylograph characteristics of wheat and composite flour aougns

Falling Peak Initial Peak a-Amylase
Sample Number Viscosity Gel.temp. Gel.temp. (ICe-Units)

(AU) DC °C

100 % wheat flour 401 840 62,5 88,0 0,24
100 % maize flour - 410 63,0 80,0 3,54
100 % millet flour - 1610 74,0 90,0 4,28

00

90 % wheat/IO % maize 352 830 64,0 87,5
80 % wheat/20 % maize 328 710 63,5 86,5

0 % wheat/30 % maize 297 620 64,0 84,5
60 % wheat/40 % maize 284 480 63,0 81,5
90 % wheat/IO % millet 388 1030 65,5 88,5
80 % wheat/20 % millet 373 1190 68,5 89,0

% wheat/30 % millet 369 1200 70,0 89,
60 % wheat/40 % millet 360 1280 72,0 89,5

- - ~
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Table 4: =arinograpn cnaracteris:~cs of whea: and compOSitE flour dougns

Water Dough Dough Dough uegree 0
absorption devpt. time stabil ity resistance softening

ample (%) (min ) (min ) (min) (FU)

% wheat flour 64,0 2,5 2,5 5,0 20
90 % wheat/l0 % maize 65,1 3,0 1,5 4,5 85

0
N 80 % wheat/20 % maize 66.2 3,5 1,5 5,0 105

70 % wheat/3D % maize 67,3 4,0 1,5 5,5 110
60 % wheat/40 % maize 68,5 7,0 1,0 8,0 110
90 % wheat/l0 % millet 63,1 2,5 2,0 4,5
80 % wheat/20 % millet 62,2 3,0 0,5 3,5 75

0 % wheat/3D % millet 61,3 2,5 0,5 3,0 85
60 % wheat/40 % millet 60,5 3,0 1,0 4,0 100
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The dough stability of 2, 5min for wheat flour tended to decrease with the
sub titution with oth r fI ur . Th degr e of Hening in re ed har pf v
fr m 20 U for whe t flour to 110FU nd 100FU for 60% whe t/t.o% maize f lour
and 60% wh at/l ..o% mill t flour respectiv Iy, [Tab! lJi.

Dou h resistan e for wheat flour was 5, Omin. This in reased with th
substitution with rn ize ftour to 8,Omin for 60% wheat/LIO% maize flour. On lh
other hand, dough resistan e decreased as pearl mill t flour was subsLituted
for whe t flour (Tabl 4).

lJ. 3. 3 Extensigraph

T ble show th x t nsigr m behaviour ( fter 135min) of whe t and the
vari us omposite flour (with and without as orbic a id ] . Dough resistance
to xt nsion, the energy of the dough (dough str ngth) and the dough
exten ibility d creas d with in rea in r plac m nl of wh t flour. Thi L" in

en ral arm nt with th f inciln s of th t al (1981), Kaila ap thy and
MacNei I (1985), Bamidele et al (1990) among others. In a" these parameters,
the rate of decrease was lower with t.he sub titution f pari millet flour- as
a ainst maize fI u .

I
i

1t.3.1t Alveogruph

Alv 0 ram h ract risti s of wheat and the composit flours are shown in
Table 6. The alveogram behaviour of 60% wheat/40% millet flour dough as well
a doughs of fI ur with more than 10% maiz could not b measur d. Weiperl
(1981) found a str n relation hip betw n th maximal ov rpressur (P) and
th farinogram wat r absorption of flour . The high me ximal overpressure for
90% wheat/10% maize flour dough as well as the lower values for pe~rl millet.
compo it flour d ugh confirmed this relationship when ompared with th
farino r m wal r absorption of Tabl 4.

I
I

I

Th high r swelling ind x of 90% wheat/lO% millet flour dough as
compa ed to tha of 90% wheat/10% malze flour dough and the gen r al
tend n y f r G to d cr eas with the subsHtuti n of wh at flour also confirms
th finding by Weipert (1981) of a strong orrelation between G and 1001
volum [Tabl s 6 nd 11) .
1h shar] drop in d f mati n nergy (Work) with lh subs tlt.ution 01 wh < t
fI ur and the high r nergy for 90% wheat/l0% millet flour dough as compared
to that. for 90% wh at/10% maize flour follows the AACC (1987) report that, in
omparing bread valu tion s ore with alveo r In valu s , d f rrnatlon Il rgy

(W) wa the b st diff rentiator of quality (Tabl s 6 and 12).

•

I•I
•
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able 5: ~xtensigrapn character"stics (after 135 mi cf w~eat and composite flour coughs

Normal w:tn AscorDic aci
-ample Rm( ELJ) E (rrm) Rm/E S(cm2) Km( EU) ~(mm) i<m/E S(:r2j

100 % wheat flour 2jO 170 1,40 51 510 145 3,50 96

% wheat/l0 % maize 180 133 1,40 30 535 119 4.50 80

80 % wheat/20 % maize 185 123 1,50 28 420 103 4,10 53

70 % wheat/3D % maize FiG 104 1,40 20 425 78 5,50 4

60 % wheat/40 % maize not measurable not measurable

90 % wheat/l0 % millet 2?r- 146 1,50 39 575 120 4,80 86M -,
N

80 % wheat/20 % millet 210 126 1,70 32 480 106 4,50 64

% wheat/3D % millet 170 105 1,60 22 470 91 5,20 5.
60 % wheat/40 % millet 95 88 1,10 12 225 74 3,00 2

Rm = Dough resistance
E = Dough extensibilityIE = Proportional number
S = Douah strength (area unaer curve)

-
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Table 6: Alveograph characteristics of wheat and composite flour doughs

Sample

100 % wheat f1 au

90 % wheat/l0 % maize
80 % wheat/20 % maize

U')
0.J

70 % wheat/30 % maize
60 % wheat/40 % maize
90 % wheat/l0 % millet
80 % wheat/20 % millet
70 % wheat/30 % millet
60 % wheat/40 % millet

Maximal
Overpressure

(P m/m)

98,

111 ,2

97,7

89,1

90,8

-------

Swelling
Index

(G)

18,0

13,3

15,3
14,1
11,8

Curve
Configuration

Ratio
(P/L)

1,48

3,09
not measurable
not measurable
not measurable

2,04
2,1
3,13

not measurable

Work
(WXIO-4joules)

214
162

164

141

109
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"." Dough nd Br ad Charact ri ti

abl s 7 t 10 show the dough and bread character lstt 5 of wheat and the
var lou ompo it nus. As a result of the high water absorption of maize
flour, the dough yeild in r eased with the substitution wit.h maize flow".
Dough yeilds decreased as wh at was replaced with pe rl millet flow". Dou Jh
elast i ity chan d tow rd "very short" t 40% replac m nt of whe t flour.

Bread volume d creas d as th I vel f substitution of whe 1 flour increased
(Tabl 11). AI 0, for both me iz ~nd p art mill t, br ad volum in reased as
the particl size of the subatltute fraction increased. This confirms the
suggestion of BrUmmer et al (1988). Th nature of the br-ead alice gr in

he:n d gently from "sof t silky" towards "coar e" as mor' wheat flour was
r pia ed. U ing th tast of 100% wheat flour bread as standard, tastes of
th comp sit flour bread w r jud ed a hangin nUy t words "tort" -I d
" lightly bitt r" at 40% I vel of replacem nt ,

'I·.IL 1 Bread Evaluation Scores

"he bread evaluation or whi h take into a ount th volum, the n tW"C

and di t ibuti n of p r , the I f form, cruml t xture and el ti ity or
report d in Tabl 12. From t.he core, bread from all blends with up 1.0
20% I v Is of substitution as well as with 30% pearl millet semolina were judged
as "very good". Based on these scores, maize semolina was chosen as the
b st granulation for maiz compo ite flours while pearl milt t s molina wa
prefer d t pari mill flou

{L5

4.5.1
Freshn 55 V luation
Sensory -valuation

I
i I"

U ing sof tn s as a maw" of fr hnes, th ru t nd rumb
characteristi were valuated on a 5 al of (1 to 6) .. The r-esult ar-e
report d in T bl 1 to 17. Fre hness deteriorat d with age a w II as with
r plac m nt of wheat flour. The freshness also followed the ~pattern f volum
depression, namely, deteriorating a the par tlcle size of the .subs t ltute became
fin r , Maize composit flour bread had part; ularly oft -I" rust and t.hi:
was v ry probably du t the hi her wat r ab orption of maiz flour.

If, 5.2 Penetrometer valuation

Appendices 1 to 9 show the penetrometer r eadinqs over 7 day" for wheal and
the various compo it f lou br-eads. Th pen trometer readings de r eased wit.h
the og of th br ad nd with th repla ement of wh c t F10 Th
orr pond d broadly with th sensory valuation nd the loaf volum,

namely, the larger th volum, lh higher the perretr-omet er reading implying
a soft r rumb.
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able Do bread characteristics at 10% leve replacement

- - ... - - .~
100% 10% 10% 10% 10% 10%

Characteristics wheat mi 11et mi 11et maize maize maize
~j our semolina fiour semolina gri;:s

Dough vie1d 163 163 161 165 162 162

Dough characteristics
- surface normal normal normal normal normal norma

elasticity normal normal- almost almost almost almost
"" somewhat normal normal normal norma
N short

Volume yield 666 612 634 587 599 62

Grain characteristic soft s t lky soft soft sil ky soft soft soft silky

Crumb elasticity good good good good good good

Taste/flavour good/ good/ good/ good/ good/ good/
typical typical typical typical typical typica



I

able 8: Dough and bread characteristics at 20% level of rep1acement

100% /n~, 20% 20% 20% 20%_-'10

Characteristics wheat mi 11et mi 11et maize maize maize
flour semolina - - - flour .- - _. .~ semolina grits

ouon yield 163 162 159 166 161 16

Dough characteristics
- surface normal norma 1 normal norma 1 normal normal
- elasticity normal somewhat somewhat somewhat somewhat normal-

short short short short somewhat
short

0
M

Volume yield 666 536 580 543 547 583

Grain characteristic soft silky almost soft soft almost soft almost soft soft

Crumb elasticity good good good good good somewhat
good

Tast a/f lavour good! sti 11 good sti 11 good slightly slightly slight
typical tart tart tart

- --



able 9: oug~ and breac c~aracter~stics at 30~ 1evel of replaceme

100% 30% 30% 30% 30% 30%
millet -aracteristics wheat mi 11et maize maize maize
'lour semolina f1our semolina grits

ough yield 163 161 156 167 159 1'"

Dough characteristics
- surface normal norma 1 normal somewhat dry normal somewhat

st
- elasticity norma 1 short short short short somewhat

C"') short

olume yield 666 512 538 470 490 52

Grain characteristic soft silky somewhat almosl: soft somewhat somewhat almost soft
coarse coarse coarse

Crumb elasticity good good good good good satisfactory

Taste/fl avour good/ somewhat somewhat tart tart somewhat
typical tart tart tart

. ------



';:; 1 eVE 1Table 10: and brea -~aracter~stics at 4 rep"a:emento1.g

10Q% 40% 40% ~O% 40% .10%
,aracr:eristics wheat millet: mil'Et maize maize maize

fl our semolina fl our semol""'a 9r~ts
...

d 163 160 154 168 158 15

Dough characteristics
- surface normal normal normal somewhat dry normal somewhat

ois'"
- elasticity norma 1 very short very short very short very short short

N Volume yield 666 450 466 388 414 442C"'")

Grain characteristic soft silky coarse somewhat coarse coarse somewhat
coarse coarse

rumo elasticity good good good good good satisfactory

Taste/flavour good! tart tart tart-slightly tart-sligntly tart
typical bitter b it te

.II II • -.--
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able 11 Yo Relative Volume

Wheat Flour Bread = 10

_ Maize Flour

~n~ Pearl Millet Flou

~ Ma .ze Semolina Mal=e G r I IS

Pearl Millet Serno.

r--

....,....,

9
7 __

-'

6

(%) 10 20 30 I 4

Maize Flour 88 82 71 58
Maize Semolina 90 82 74 62
Mai ze Gri t s 94 88 80 67

, Pearl Millet Flour 92 81 77 I 68
Pearl Millet Serno. 95 I 87 8

- -- -- --

10



Samole earl Millet
~lour

Pearl Millet
semolina

Maize
flour

Maize
grits

------:i--- -

Table 12: 8read evaluation scores

% Replacement
0/ 216 216 216 216 216/fJ

<:3:
M 10 % 185 204 174 179 188

% 141 163 143 144 143
30 01 127 142 llO 117 96'"
40 % 94 110 66 79 63

over 14u = very goo
110 - 140 = goo

90 - 109 = satisfactor
below 90 = not satisfactor
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11.5.3 Panim r Evalu n

h d L rminatlon f the fr shn s of th br ad sampl suing th panim ler
was In som very dlffi ult. As eib I et al (1968) observ d, due to th
diff r n es in sof tn 55 of th br d rumb, me u m nt he t b d n
u in diff renL w i h in rd t' 1 obtain r adabl rv A r ul f
this, th valu tlon f the r ults was mad considerably diffi ult.

11.6 hr (3)- ere. reads

Based on the br ad valuati n scores l Tab!e 12), bread was b ked r rom
bind f wh t flour, m Izs molina nd p ad mill t emolina. Th re ults of
th se lri I are r port d in abies 18 to 20. The amounts of lipid added wa
vari d nd diac tyltartari id st r (DAT M) was substituted for mt It-
I clthin a. br ad improv r in th compo it flou br-ead to enhnn e
rr hn 55.

F.It •."

L,cllhin· B~ckm~I'I.'"
DAW -B;ockmlll.I~/.-
MaisQrllfl 'I. -

Hlr5.gl~ '/~

I. ,

';"d"~' I
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.' .. -..
2

I
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10
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15
15

1
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I
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f
I

:: tt = B k ry t \'
I.eci hin-Ba kmitt = i hin Br ad Improver !

)AW -Ba kml I = AT M a- ad fmprov ,-
~aisgriefl = M iz S m fin
+lr e ri n = P rl Mill m lin
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Th re wer. n i nifi n e chang in the dough yeilds f th 3- er al
breads when compar d to the 2- ereal breads. Dough yeilds of the 3-cereol
breads wer always b tw en that of wheat flour/mill t s molina and wh < t
flour/maiz emolina d ughs. Dough la tlclt y hanged towar-ds "very shor t "

t 40% repla m nt of wh al fI ur just as in lh 2- er ol doughs. Thi means
th t , t th tage f kn ling. h bakery fat and br ad improv rs mad n
si nifi ant diff ren . Th r were how ver large change in volurn as bakery
fat wa in reas d from 1% to 2% and 1% DATEM bread improver was added.
R I live vo+um d 0 9L~%. 85% and 78% Ior 20%. 30% and 40% I v Is f
r plac m nl r pee ively. Ther wa n noti eabl h nge in tast with III

ddition of DA T M bread improver. Improvem nt in the br ad v lualion
ore wer high and this was al 0 r fleet d in t.h fre hnes valuation

(Tabl s 19 and 20).

" . 7 General

Pr liminary trial (results not shown) indi ated that. for every recip .
volume nd other hara t risH of the 3-cer'eal br- ads w re appr x lmat Iy
th c v ra e r wh at flour/millet semolina cornpo ite br-oad and wh ~c l
flour/maiz semolina mposit brea I. Thi rn ans th l III eff 1 of blenrlin
various ereal flour wn imply additiv . In all the tr ials , br ead from millel
bl nds w b t r han those from maiz bl nds. Allhough DATEM I read
improver produced bread of higher volumes than rnalt+le ithin bread
improv r , an in rea f bakery fat onlent from 1% lo 7% produ ed veil
more volum . This a r d with th findings of Pom r anz el al (1965. 1966a
and 1966b). However. Ho en y el al (1976). Rogers and Hoseney (1983) ~nd

chust r and Ad m ( 1984) found DA TEM as being most 'ef f ctive in
ombination with mono- and diglyceride (MDG)

It is worth noting that allhough pearl millet f r actlon (f lour and semolina)
had fin r part! I ize (T II O. high r h nt nt (Tabl 2) and c low I'

wat r absoption apacity (Table 4) as ompared to th maize fra tlons , they
Iway produc d I rger vol mes. Probably. th more active a-omyl.. y tem

played a role in the improving action of pea,", millet flow' l Bndi _h <:!L .•
19/6) .

, I
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able 13: Sensory evaluation of crust and crumb charac~eristics of Dearl millet flour

Nr.of days old
% Replacement

1 Crust 1 1-2 2 2-3 3
Crumb 1 1-2 2 2-3 3

r--
rJ

3 Crust 1-2 3 3-4
rumn 1-2 3 3-4 4 4

5 Crust 2 3-4 4-5 r- 5-6::>

Crumb 2 3-4 4-5 5 5-6

rust 2-3 4 5 5-6 6

rumb L'-3 II 5 5-6 6~

= very goo
ery ba6 =



Table 14: Sensory evaluation of crust and crumb character~stics 0 earl millet semolina

1
6

= very good
= \/0,..\/ 1"\::».
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able 15: Sensory evaluation of crust and crumb characteri~t~ci 6f maize flo

Nr.of days 01
% Replacement

0% 10% 20% 30~ 40%

Crust 1 1 1-2 2-3 3
rumn 1 1 1-2 2-3 3

3 Crust 1-2 2 2 3 3-
0"'1
r""') Crumb 1-2 2 2-3 3 3-4

5 Crust 2 2-3 3 3-4 4-5
Crumb 2 2-3 3 3-4 4-5

rust t-3 3 3-4 4 5
Crumb 2-3 3 3-4 4 5-6

= very goo
very bad6 =



~-

Table 16: Se~sor} e~alua:ion of crus: ard crumb cha~acteris!1cs of maize semolira

,;;,Rep 1acement
Nr.of aays ole

O'j" 10% 20% 30~c 4 O~'e

Crust 1 1 1-2 2-3 -:~

Crumb 1 1 1-2 2-:;' 3

3 Crust 1-2 2 2 .., 3-4.)

0 CrumD }-2 2 2-3 3 3-4c::r

r- Crust 2 2-3 3 3-J 4:J

Crumb 2 2-3 3 3-2 4

7 Crust 2-3 3-4 4 4-5 5-6
I...rumb 2-3 3 3-4 " 5~

1 very good
very bad

=
6 =

-,~.'-"-~-
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Table 17: Se~scry evaluatior oi crust anc :rJm: c~aracre~'s:ics oi maize gr~ts

~; Rep 1aCEomerI
Nr.of days 01::

0';" 10% 30:",20% ~ 1"\0
-t U 'c

<:::r

=
6 =

1 Crust 1 1-2
1-2rumb 1

3 Crust 2

2

1-2 1-2
-2Crumb 1 -- ~

5 2

2 2

Crust 2-3
2-3Crumb

7 2-3 3

2-3
3-4
3

Crus!
Cru ~-3

.e~...good
ve ry bad

2 ..:-.)

2-3
2-3 ..,

.)

.) " .,:.-L..

3 3-a

4 5

3-4 4-5



able 18: Dough and bread characteristics of 3-cereal breads

aracteristic Nr. 1 Nr. 2 Nr. 3 Nr. 4 Nr. 5 Nr. 6

ougn yield 163 163 }""o 157 156 163:lJ

Dough characteristics
- surface normal normal normal norma 1 normal normal

e las t ic ity normal normal somewhat short very short somewhat
short supple

olume yield 666 684 623 564 521 719
Grain characteristic soft silky soft silky soft almost soft somewhat silky

N coarse~

rumb elasticity good good good good good good
Taste/flour good/typical good/typical still good somewhat tart tart good/typic

Recipe

Bakery fat, % 1 1 2 2 2
Bread improver, %

ecithi n
AT EM

Maize semolina, % - - 10 15 20
Millet semolina, % - - 10 15 20
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Table 19: Bread evaluation scores of 3-cereal breaas*

* over 140 = very good
* 110 - 140 = good
* 90 - 109 = satisfactory
* below 90 = not satisfactory

r")
~

Nr. 1 Nr. 2 Nr. 3 Nr. 4 Nr. 5 Nr. 6

216 236 188 150 121 2

Recipe
Bakery fat, % 1 1 2 2 2 2
Bread improver, %

ecithin 1
- DATEM - 1 1 1

Maize semolina, % - - 10 15
Millet semolina, % - - 10 15



Nr. days old Nr. Nr. Nr. 3 Nr. 4 Nr. 5 Nr. 6

Table 20: Sensory evaluation of crust and crumb characteristics 3-cereal breads*

* = very goo
very bad*6 =

Crust 1 1 1-2 2 2-3 1+
Crumb 1 1 1-2 2 2-3 1+

3 Crust 2 2 2-3 3 3-4 1-
Crumb 2 2 2-3 3 3-4 1-2

<::;t-
<::;t-

Recipe
Bakery fat, % 1 1 2 2 2 2
Bread improver, %
- Lecithin
- DATEM - 1 1 1 1

Maize semolina, % - - 10 15
Millet semolina, % - - 10 15 2
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NC U NAND R MM NOATI NS

u I oth r th n whe t and rye in breadmakin . th r
L .ons ar to b pref r d ( rUmm r - ~, '988) . hi tudy confirm d h

stat m n In hi r p ct, futur cl ntifl work on th us f
Isit fI ur w uld hay t b on coar er rather than finer granule: tion
cas of th segr 9a ion f th vari u fr cti n durin transp r
CA, 198 ) i fund b of littl ons qu n e. Thi tak n LII" f
9 kn adin which sh uld n ur a homog nou d ugh.

mill t
~-life )
tigat

composite flour produc d breads of good volum . The freshn 55

qualities w r also good. S ientifically. it would be of lnt.er-es t to
th Ia tor r spon ibl lor the good baking propertie of p rl

ugh m
ie grit
maiz
c t th
,in an

iz molina was pr f red to maize grits in this study, the LIS

may not be tot Uy los d. Maiz grits, odu d hi her v lum
m lin l Tab! 11). 1h qr lt could b Itak ed to r ad e or

w t-h a treatmen Um. Thi w uld in tur n redu e th strong
th h rd bit

si nifi
d be
ologie
vh a fl

ant improvin ff t of bak ry fa on ornpos it flour br rnds
all 1\ ouragement to traditionol bak r without adv •.n d
With th appropri t m unt f bak ry f - t, high '" I v I f

n alway b u

effect of blending mor than two ereals wa fund to b additive. Hence
us I ould b bl nd d to atisfy con um r ta tes and pr f r en es.

f volume wa found t b a major fr hn ss det rmmrn factor with most
param t rs d p ndent n it. Th first three (3 ) days were the most

tant
,

bread fre hn 5 v lua i Fr 5hn ub quent dayIn n. n
red th a III pet rn.
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Penetrometer Read-ings (1/10 mrn)
10 % Non-Bread-Cereal

Appendix 1.

Nu m b e r 0 f Days '-j n -Sto rag e .-

1st Day _ 3rd Day '__ 5th Day th uay 1

190 _1

170 1'11 ---------.

150l~1
130 --

10 -41
I,

90 --j

70 J
50 -.J

30 .="4 I _n_1- -- ---1- -1- r 1

I P.M. Flour IP.M. semolinaj Maize Flour ~aize Semolin4 Maize Grits

-
U"l

I

1st Day I
3rd Day I
5th Day

th Day

159
120
10
90

173
123
115
88

159 I 163 I 173
25 I 118 14

104 j' 108 116 I
86 I 87 98 ~



_ 1st Day - 3rd Day 1_ 5th Day , I th Day

Appendix 2. Penetrometer Readings (1/10 mrn)
20 % Non-Bread-Cereal

Number of Days in Storage

190 - ~ I
I

N
L!'l

170 ~-

150 J: :
130 ~ 'I· ITI I " I110J-~ I '~'I ' .'II' ,J I ~ 'Iiil .~-
90 ~1 L-, ":.' i 'I .-' .

% : I

,
50 -l

I

30~ I

I P.M. Flour IP.M. semolinal Maize Flour Maize Semolina Maize Grits
I I I

1st Day 113 154 I 144 147 158

i 3rd Day 95 110' 117 109 129
t 5th Day I 87 97 99 95 105
I i
17th Day 78 83 80 t 78 I 88



C"")
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Appendix 3. Penetrometer Readings (1/10 mrn)
30 % Non-Bread-C-ereal

Number of Days in Storage

1st Day ~ 3rd Day ~ 5th Day th Day

-
I
L

I P.M.Flour Ip.M. s~m~;~Ni~'alMa:: FI::~ Maiz~«r~em:'~i'~JMai: Gr'~'::;
. 'I I

91
8
o

54

109
92
84
o

116
82
79
70

1st Day I

3rd Day
5th Day

I -th uay

14
112
92
81



.;;~ 7th Day ,

Penetrometer Read-ings (1/10 mrn)
40 % Non-Bread-Cereal

Appendix 4.

Number of Days In -Storace --

_ 1st Day _ 3rd Day : 5th Day

"L,!"')

90 -1
170 --t1
150
130

10
90

o
50 -t

P.M. Flour
I j I j I I

IP.M. Semolina, Maize Flour Maize Semolina Maize Grits
I I

I

f 1st Day
I
I 3rd uay
15th Day
I I

17th Day I

72
6
5

88
1

54
4

85
1

65
54

92
6
5
48

124
100
80
68



_ 1st Day _ 3rd Day ~ 5th Day th Day

~--~_~~~==w~=.~~~==..==.=_==_=__~_.-==_~..~_==~~=.__~_~':-=~"~C~_~-:..::.:_:::--,~-;-~-·:-,~--"-.--_-__--.~-----------------------.---

Appendix 5. Penetrometer Readings (1/10 rnrn)
. .... .-.--.-

Pearl Millet Flour
Number of Days in Storage

U"l
U"l
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Appendix 6. Penetrometer Readinqs C1/.10 mrn)
Pearl Millet Semolina

Number of Days in Storage

_ 1st Day _ 3rd Day -, 5th Day th uay

\.0
:.n

150 II
130 -'1
11 0 ~

90 ]'
o

50

I
I

30 -
RePlacementl 0 I 10 I 20 I 30 40

I : I

I
I

st Day 182 I 173 154 123 92
I I3rd Day 136 123 I 110 84 60
I

123 115 i 97 73 I5th Day 5

; 7th Day I I
I

105 88 83 65 I 48



Appendix 7. Penetrometer Readings (1/10 mrn)
Maize :Flour·· .

190
170
150
130
110

r- 90tn

70
50
30 -

% RePlacemen~ 0 I 10 I 20 I 30 I 40I
I I
I I I

1st Day 182 159 I 144 109 i 88
3rd Day 136 125 I 117 92 71

i 5th Day j 123 104 I 99 84 54

I7th Day I 105 86 80 70 i 44

!l---- --- --------

Number of Days in Storage

1- ~ ~ ~I 1st Day ~ 3rd Day !_I 5th Day ~ 7th Day i



, ------., •.••• ••• !W:••-- ----

Appendix 8. Penetrometer Readinqs (1/10 rnm)
Maize Semolina

N ,
1st Day ~ 3rd Day I : 5th Day ~'W 7th Day

190:'1: I i170 -l Ii I

150 jl, ·ill ;iil
130 -1
110 -t

I'
~ 90 ->

70 -l

II
50 -'
30

% Replacementl 0 I 10 I 20 I 30 40

~1st Day 182 I 163 147 I 116 85
3rd Day I 136 I 118 109 82 71

i 5th Day I 123 108 95 79 65
17th Day I 105 87 78 70 54
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Appendix 9. Penetrometer Readinqs (.1./10 rnrn)
. .

Maize Grits
Number of Days in Storage

150
130
110

0'\ 90U")

70
50
30....l

% RePlacementl 0 I 10 I 20 I 30 I 40
1 182 173 158 144 I 124list Day I

136 141 129 112 I 10013rd Day
15th Day 123 116 105 92 80-. ~
17th Day 105 c ----- ."> '-. 8R 81 68y -' -- . - -. --.

'\..

I - 1st Day - 3rd Day D 5th Day •• 7th Day I

190 --il~ I I I i I

170 -+lIi iil 1=='1 i i I
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