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ABSTRACT

The qualitative assessment of cassava and maize starch revealed that the
mean counts of viable bacteriawere 4.8 x 10°cfu/g and 3.7 x 10%cfu/g for
cassava starch (CS) and maize starch (MS) respectively. The coliform
countswere 2.9 x 10°cfu/g and 3.0 x 10%cfu/g for CSand M S respectively
whilethe fungi countswere 3.53 x 10°cfu/g and 4.2 x 10°cfu/g for CSand
M S respectively. The mean countsfor commercial starch wasrecorded as
1.5x 10%cful/g, 3.33 x 10%cfu/gand 1.9 x 10%cfu/g for total viable bacteria,
coliform and fungi respectively. The microbial isolates were identified as
Bacillus alvei, Escherichia coli, Serratia marcescens, Staphylococcus
aureus and Saccharomyces cerevisiae (yeasts). The starch from both
productswere odourless, tasteless, insolublein water and in alcohol. There
was a slight dissimilarity in color with CS and commercial starch being
white and M S appearing slightly yellow. The pH was 7.48 for CS, 6.50 for
MSand 5-7 for commercial starch whilethe ash content was0.50% for CS,
0.36% for MSand 0.1-0.6 for commercia starch. The moisture content for
CS, MS and commercial starch was 6.5%, 8.0% and 10.0-12.0% respec-
tively whilethefibre content was 0.023% for CS, 0.048% for MSand 0.2 for
commercial starch. The starch also had varying amounts of fat and starch
content. The results suggest that starch produced locally from cassava
and mai ze are contaminated with microorganisms and have some physico-
chemical qualitiesthat do not meet acceptabl e standard for industrial starch.
© 2012 Trade ScienceInc. - INDIA
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INTRODUCTION tions. Itswidest pharmaceuticd gpplicationisinthefor-
mulation of solid dosageformswhereit servesashbind-

Starch iswidely distributed natural product, ob-
tained from plant sources (grain or root crops) whichis
consumed asfood, but isa so readily converted chemi-
cdly, physicaly and biologicaly into many useful prod-
ucts. Itisextensively used in pharmaceutical formula

ers, fillers, disntegrating agentsand can dsobeused as
lubricantsfor tablet production. Thisisattributableto
itspeculiar physical and chemical properties, which
amongst othersconfer onitsinertnessand blandness.
When subject to heat trestment in awater suspension,
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it undergoes some physi cochemical changesthat make
it useful as binder™. Pharmacopoeia starch hasbeen
obtained from various sourcesincluding maize, whedt,
Swest potato, sago, plantain, cocoyam, potato, riceand
cassava. Some of thisstarch like corn starch and po-
tato starch are used as disintegrantsin the manufacture
of compressed tabletg®. Many authorities use corn
starch and potato starch as standardsfor evaluation of
agentswhich might serve asdisintegrants®. All addi-
tiveshave effectson tabletsand starch isno exception,
henceagood understanding of thepropertiesof starches
especidly new ones devel oped for usein the pharma-
ceuticd industry isimperative®. Thisstudy islimitedto
cassavaand mai ze starch obtained from freshly har-
vested cassavatubers and maize grainsrespectively.
Cassavademand isestimated to grow at 2.0% annu-
ally for food and 1.6% per year for feed in developing
countries, whiletotal cassavaproductionis projected
to reach 168 million tonnes by 2020 based on the cur-
rent production. However, thisamount can befar sur-
passed in devel oping countrieswith theright policies
and incentives. Moreover, with theincreasing estab-
lishment of starch —utilizing industries in developing
countries, the productionwill havetoincrease over the
projected figures (275.1 million metrictons)®. Nigeria
producesannudly over 6 milliontonsout of 624 million
tons of maize produced worldwide. Theworld mgjor
producers of maize are USA followed by Chinaand
Brazil. Themajor exportersare USA, China, Argen-
tina, Brazil, Hungary and South K orea, Mexico, Egypt
and Taiwan. Nigeriadoes not participate muchinthis
world tradedueto its high domestic demand pressure
onthemaizefor industria uses, animal feedsand con-
sumption. Morethan 60% of maizeproducedin Nige-
riaisconsumed by theindustria sector for the produc-
tion of flour, beer, mat drink, syrup, cornflakes, starch,
dextroseand animal feeds. Nigeriaaccountsfor thelarg-
est producer of cassavaworldwide, regardlessof this
fact, all pharmaceutical grade starch (PGS) used by
most industriesinthe country isimported whichisan
unhedlthy situation for both the pharmaceutica industry
and economy. Over theyears efforts have been made
to producelocal PGS, but the productionistill very
much underdevel oped and the starch unappreciated in
the country compared to theforeign PGS. The present
study therefore becomes necessary. The objectives of
thisstudy wereto assessthemicrobiol ogica and physi-

cochemical qualitiesof starch produced from cassava
and maize, and identify the microbia contaminants of
the product.

MATERIALSAND METHODS

Collection of samples

Freshly harvested cassava (Manihot esculenta)
tubersand maize (Zeamays) were purchased from Cen-
tral Market, Minna, Niger State, Nigeria. Thesamples
weretransported in cellophane bagsto the [aboratory,
wherethey werewashed and processed for extraction
of starch. Preparation and handling of sampleswere
done according to standard procedures prescribed™.
Commercid starchwasobtained, whichwasused asa
control for anaysisof both cassavaand maize starch.

Extraction of starch

Cassava starch

The cassava tubers were debarked and washed
with clean water, dicedinto small piecesand soakedin
distilled water for 24 hoursto increase the moisture
content and assist the extraction of starch. Thetubers
werethen grated using agrater, alittleamount of dis-
tilled water was added to the meshed cassavato in-
creasethe moi sture content and all ow the easy extrac-
tion of thestarch. The mash wasfiltered, screened and
allowed to settlein aclean bowl. Theextracted starch
was then dewatered with aclean mudin cloth and fi-
nally the starch was spread on a steriletray, covered
withamudincloth (to protect fromfilesand dust) and
ar driedfor 4 daysto afine powder.

M aizestarch

Themaize grain was carefully extracted from a
properly cleaned maize cob. The maizewaswashed
and dust, chaffsand foreign material swere removed.
Thefresh cleaned maizewasthen soaked in distilled
water for 48 hourswhich increased the moisture con-
tent and also assisted the extraction of starch. The
maize grain was gently blended with asterileblender
with added controlled amount of distilled water. After
blending, the maize grain wasfiltered and allowed to
settle, followed by decanting and dewatering. The
maize starch wasair dried to afine powder. All forms
of utensilsand water used in course of extraction were
sterilized properly.
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Enumer ation of microor ganismsin star ch

Ninemillilitersof distilled water wasplacedinfive
test tubesand sterilized by autoclaving at 121°Cfor 15
minutes. Onegramme (1g) of cassavastarch wasin-
troduced into thefirst test tube and shaken thoroughly
to mix and then seridly diluted. The same procedures
wererepeated for the other samples. All thedilutions
werethen plated on Nutrient Agar (NA), MacConkey
Agar (MCA), and Sabouraud DextroseAgar (SDA),
for theenumeration of aerobic heterotrophic bacteria,
coliformsandfungi respectively. NA, and MCA plates
were incubated at 37°C for 24hours while the SDA
plateswereincubated at room temperature (28+2°C)
for 3-5days. Colonieswhich appeared after theincu-
bation were counted and subcultured repestedly on NA
and SDA to obtain purecultures.

Char acterization and identification of isolates
Bacteria

Thebacterid isolateswere characterized based on
colonial morphology and biochemical testswhichin-
clude Gram staining reaction, catalase, methyl red, in-
dole, citrate utilization and carbohydrate utilization test.
Theisolateswereidentified by comparingther charac-
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teristicswith those of known taxaus ng the schemes of
Buchanan and Gibbong". Thefungi growth were ex-
amined macroscopically and their morphol ogy deter-
mined by staining with lactophenol cotton blue. They
werefurther identified using their morphological and
biochemica characteritics®.

Deter mination of physico chemical properties

The starch wasanalysed for P+, moi sture content,
fibre, crudefat, ash and starch content following stan-
dard procedures®. All chemicals used were of ana-
lytical grade.

RESULTS

Microbial countsand identification

Themean countsof thetota viablebacteriafor cas-
savaand maize starch were 4.8 x 10%cfu/g and 3.7 x
10%cfu/grespectively (TABLE 1). Theresultsreveded
that cassava starch had higher bacterial countsthan
maize starch. The coliformscountswerequitehighin
both products (2.9 x 10° cfu/gand 3.0 x 10° cfu/g for
CSand M Srespectively). Themean fungi population
of cassavaand maize starch were 3.53 x 10%cfu/gand
4.2 x 10%cfu/grespectively (TABLE 1).

TABLE 1: Countsof microor ganismsin starch analysed

Cassava starch Maize Starch Commercial starch
Time TVB CF FG TVB CF FG TVC CF FG
(x10%fulg)  (x10%fulg) (x10%cful/g) (x10°cfulg) (x10%cfulg) (x10%cfulg) (x10%fulg) (x10°cfulg) (x10°cfulg)
0 7.0 2.0 1.6 6.2 1.2 24 0 7.0 1.2
1 5.2 25 3.0 4.0 3.8 6.0 0 1.0 1.0
2 4.8 3.0 6.0 35 3.2 TNTC 10 2.0 2.2
3 4.0 3.0 TNTC 3.0 3.0 TNTC 2.0 0 4.0
4 3.2 38 TNTC 1.7 3.8 TNTC 0 0 1.0
Mean 4.8 2.9 3.53 37 3.0 4.2 15 3.33 1.9

cfu/g: colony forming unit per gramme; TNTC: Too numerous to count; TVB: Total viable bacteria; CF: Coliforms; FG: Fungi

| dentification of isolates

Theresultsindicated that various speciesof bacte-
riabelongingtofour generaweredetected inthestarch
samples. Theorganisnswere Bacillusalvel, Escheri-
chia coli, Serratia marcescens and Saphylococcus
aureus. Bacillus alvel and Staphyloccocus aureus
were morefrequently isolated, each having 30% fre-
guency of occurrence. E. coli and S. marcescenswere
lessfrequently encountered. Yeasts (Saccharomyces
cerevisiae) that occurred in the samples constituted
15% of thetota microbial isolates obtained.

Quiality factorsand char acteristicsof starch

Thestarchwas odorless, tastel essand insolublein
water and a cohol. The cassavaand commercia sarch
werewhitein colour whilethemai ze starch possessed
adight yellow colour (TABLE 2).

PHYSICOCHEMICAL QUALITIES
OF STARCH

Theresultsindicated that the ash content washigher
in cassava (0.50%) than maize (0.36%). Similar ob-



194

Microbiological and physicochemical evaluation of starch produced

RRBS, 6(8) 2012

Reguler Peper ==

TABLE 2: Quality factorsand characteristicsof starch

Par ameter Cassava (Manihot esculenta) M aize (Zea mays) Commercial starch
Colour White powder Slightly yellow powder White powder

Taste Tasteless Tasteless Tasteless

Odour Odourless Odourless Odourless

Solubility  Insoluble in water and alcohol (96%) Insoluble in water and alcohol (96%) Insoluble in water and alcohol

servation was madefor the PH. It was also observed
that maize starch had ahigher fat content (0.032%),
fibre (0.048%), moisture (8.0%) and starch content
(99.9%) than cassavastarch. Thecommercial starch
revealed somedight differencesin the parametersstud-
ied (TABLE 3).

TABLE 3 : Physicochemical qualities of starch samples
analyzed

Parameter Cassava Maize Commercial starch
Ash (%) 0.50 0.36 0.1-0.6
Fat (%) 0.001 0.032 0.15-0.2
Fibre (%) 0.023 0.048 0.2
Moisture (%) 6.5 8.0 10.0-12.0
4 7.48 6.50 5-7
Starch (%) 99.50 99.90 95.0

DISCUSSION

Theresults obtained from this study have estab-
lished that viable microorganism (bacteriaand fungi)
arefound in cassavaand mai ze starch. The sources of
these organisms may be dueto poor handling andin-
jury tothe cassavaand maize during harvesting, trans-
porting and storage by thefarmers. Thelarge popula
tion of these microorganisms may be dueto the use of
contaminated water for theextraction of thestarch. Itis
a so possiblethat the bacteriamay have contaminated
thestarch duringthe processof air - drying. The pres-
ence of coliformsin the starch was probably because
the water used for extraction of the starch was con-
taminated withfaecal materidsor thetubersmight have
carried faecal materia swith them during harvesting.
Lansing® reported that coliformsare widespread with
somelivinginsoil and water. The subsequent increase
inthe coliform counts may be asaresult of improper
storageof thestarch. Thepresenceof yeastsinthestarch
may have come from the environment, wherethetu-
bers and cobs were being stored or asaresult of the
tubers and cob being soaked inwater for extraction.

Therefore, since most yeasts are
chemoorganoheterotrophs and use carbohydratesto
synthesizeamino acid and protein, they arevery likely
to contaminatethe starch. Themicrobia contaminants
identified were Bacillusalvel, Escherichia coli, Ser-
ratia marcescens and Saphyl ococcus aureus. These
organisms occur widely inthe environment (air, soil,
water). Bacillusalvel areimportant food borne patho-
gensamong the Bacillusspecies. Theorganismforms
auniquetypeof cell called endosporesasastrategy for
survival inthe soil environment wherethese bacteria
predominate. Dueto theres stance of their endospores
to environmental stressaswell astheir long term sur-
vival under adverse conditions, Bacillusalvei can be
isolated from awide variety of sources, from soil, by
direct contact or airborne dust™™. Theimplication of
the occurrence of Bacillus alvei inthe starch isthat
they degrade starch and therefore, reducethe quality
of theproduct.

Escherichia coli isanimportant food bornedis-
ease organism, enteropathogenic, enteroinvasiveand
enterotoxigenictypescan causediarhea, Transmission
of pathogenic E. coli usually occursviafaeca — oral
contamination'@. Common routes of contamination of
gtarchincludeunhygienichandling, farm contamination
dueto manurefertilization andirrigation of cropswith
contaminated water or raw sewage.

Serratia marcescens occurring in starch may re-
ducethe quality of the product dueto the degradation
of thestarch by thisorganism. Itiscommonintheres-
piratory and urinary tractsof adultsand the gastrointes-
tinal system of children*2. Itisalso possiblethat this
bacterium may impart colour to the product duetoits
red pigment.

Saphylococcusaureusisamicrobefound onthe
nasal membraneand skin of humans. They arerespon-
siblefor many human diseases; it isamost important
human pathogen that causes boils, abscesses, wound
infection, toxic shock syndromeamongst other diseases.
Itisalsoamajor cause of food poisoning!®. Theash
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content of the cassavastarch (0.50%) was higher than
that of the maize (0.36%) yet both parameterswere
with thein accepted range as compared to that of cas-
savastarch (0.6%o) stipulated by!®. Thelow amount of
ashinthe starchesindicatesthat the starch hasalow
amount of inorganic materias. Thefibre content of the
cassava starch (0.023%) was lower than that of the
maizestarch (0.048%). Thisshowsasgnificant differ-
encewith the control starch with 0.17% fibre content
and also the standard (0.22%) fixed by SON%. The
pH of thestarch ranged from 6.50 - 7.48. Thesevaues
show adlight significant differencewhen compared to
thestandard (pH 4.7 — 6.8) set by SONI, Similarly!”,
reported that agood starch should haveaPH of 4.7 —
5.3whichiscontrary to theresult obtained fromthis
study. Thustherecorded pH of the present study indi-
catesthat the starch componentswereintact. That is,
they werenot fermented which would haveresulted in
theaccumulaion of somemetabolitesand thehigh starch
content of the products. The Kisan sahakari Starch
Manufacturing Society Limited, KSSM S, reported
P range of 4.5—6.5 for corn starch. Onwuemel!” re-
ported the moisture content of cassava starch to be
10-13.5% whil €% set the standard for the moisture
content of corn starch to be 12.0% and 11% respec-
tively. Theresults obtained in the present study indi-
cated that thelow moisture content (6.5% - 8.0%) may
be dueto thefact that the starch was over dried inthe
sunlight for toolong. Thismight havecreated the chance
for pathogensto contaminate and degradethe starch.

CONCLUSION

Accordingtotheresultsobtained, it isapparent that
locally produced cassavaand maize starch contain mi-
croorganismsthat may makethe starch unfit for phar-
maceutical use. In addition some of the physicochemi-
cal quditiesof the starch analyzed could not meet the
standard requirementsfor industria starch. Thesein-
cludefiber, moisture, and pH of thestarch. Therefore,
starches should be properly processed and handled to
avoid microbia contamination and spoilage. Besdes, it
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maly be necessary for cassavaand maizeintended for
theextraction of starch to be properly monitored from
planting stagesto harvesting so asto prevent or reduce
microbia contamination.
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