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ABSTRACT

Saccharomyces cerevisiae strains PWO2A, PWO3C and PWO3D isolated
from palm wine were used to enrich cassavafor garri production. During
the fermentation process, there were changes in microbiological and
biochemical characteristics of the cassavamash. Thetotal viable bacterial
counts increased from 2.7 x 102 cfu/g to 4.2 x 10%cfu/g for the enriched
cassava mash after 48 hours while that of the unenriched increased from
2.7 x 10*cfu/gto 3.0 x 10* after 24 hoursand then decreased to 2.5 x 10%cfu/
g after 48 hours. The fungi counts of the enriched cassava ranged from
3.5 x 10%cfu/g to 6.8x10°cfu/g while the fungi counts of the unenriched
sample ranged from 2.5x 10*cfu/g to 2.9x 10*cfu/g. Variousbacteria species
(Bacillus, Staphylococcus, Klebsiella, Corynebacterium, Escherichia),
moulds (Aspergillus, Fusarium, Mucor, Rhizopus) and yeasts
(Saccharomyces cerevisiae, Candida sp) were found to be associated
with the fermentation process and probably contributed to the reduction
of cyanide content of the cassava. The enriched garri had a protein content
of 7.6% whilethe unenriched had aprotein content of 6.3%. It was observed
that commercially prepared garri had a protein content of 4.0%. Generally,
good acceptability and organol eptic qualities (taste, aroma, colour, texture)
of the protein enriched garri were best achieved within 48hours of
enrichment. The results suggest that garri can be made more nutritious
with yeasts particularly Saccharomycescerevisiae strainsPW02A, PW03C
and PWO03D. © 2012 Trade ScienceInc. - INDIA
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INTRODUCTION

Thereismuch concern for the devel opment of
food to meet theincreasing popul ation of theworld,
especialy in devel oping countrieslike Nigeria, where
there are cases of malnutrition arising from low pro-
teinintake. Thequality of adiet isdeterminedto a
large extent by theamount of proteinit contains. Tra-

ditional foods of animal origin areoften relied upon
to meet the protein needs. However, conventional
protein sources such asfish, meat and eggs are ex-
pensive and unaffordablewith low income of ahigher
population of the devel oping countries. The bulk of
dietsin the devel oping countries are mainly carbo-
hydrate foods (cereals, yam, cassava, etc.) that are
low in protein. High consumption of foodslow in
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protein resultsin high sugar concentrationintheblood
giving riseto diabetes and areduction in the mental
and physical activity aswell asadiseasein children
called kwashiorkor.

Cassava (Manihot esculenta) isamajor crop and
staplefood in developing countries. It has 0.4% pro-
tein® and 86% carbohydrate. It is easy to cultivate,
resist drought and tolerate poor soil. Cassavaisan es-
sentia diet of morethan haf abillion people; it can be
eaten after boiling or roasting. It can be processed into
many productssuch aslafun (awet dry fermented prod-
uct), fufu (acreamy whitefermented paste). At present
most of the cassavaisconsumedintheform of garri, a
preparation which involvesan anaerobic fermentation
step which givesthefina product atypical sour taste.
Although garri iswidely consumed in\West Africa, scanty
information existson themicrobiol ogica and physico-
chemical quaitiesof garri. Inadditionthereislittleor
noinformetion on protein enrichment of cassavafor garri
production.

Microorganisms(algae, fungi, bacteria, yeasts) can
serve asasubstitute for protein supplement because
they contain high amount of protein, haverapid growth
rate and havethe possibility of being cultured on di-
verse substrates¥l. The growth of these microorgan-
ismswhichismorerapidthanthat of higher plantsmakes
them very attractive ashigher protein crops. Whileonly
one or two grain crop is grown per year, a crop of
yeast or mold may be harvested weekly and bacteria
may be harvested daily.

However, yeast has been themost widely accepted
and used microbefor enriching the food and feeds of
man and animal s respectively. It hasthe greatest ad-
vantagein protein composition, inthat it hasabroad
amino acid composition and isthe richest source of
lysind®. Microorganismsused for food enrichment pur-
poses have been obtained from various sources. For
instance*®l, enriched cassavausing moldsisolated from
traditiond foods. Similarly’>®, enriched cassavafor fufu
production with yeastsisol ated from burukutu (alocal
winebrewed from sorghum). Theaim of thisstudy isto
improvetheprotein content of cassavathrough fermen-
tation with yeastsisolated from padmwine. Itisusualy
consumed with the yeastsit contains. Theyeastsare
not pathogenic.

MATERIALSAND METHODS

Collection of samples

Samples of palm wine were collected in sterile
bottlesfrom salespoint at Tradoc Military Cantonment,
Minna, Nigeriaand transported inice box to thelabo-
ratory for theisolation of yeasts. Fresh tubers of cas-
sava(Manihot escul enta crantz) were obtained from
Gwari market, Minna, Nigeriain polythenebagsand
transported to thelaboratory. Thefresh cassavamash
had amoisture content of 58%, 1% protein, 10% fat,
1% ash, 141.51mg/kg cyanideand pH 7.0.

I solation and identification of yeasts

Yeast strainswereisolated by plating seridly di-
luted samplesof palm wineon Sabouraud dextroseagar
(SDA) and incubated at room temperature (28+ 2°C)
for 48 h. Different i solated colonieswere subcultured
repestedly on fresh mediato obtain pureculturesof the
isolates. Theisolated yeastswere characterized using
colonid morphology, cdllular characteristics, ascospore
formation, vegetative reproduction and utilization of
sugars. The organismswereidentified by comparing
ther characteristicswith those of knowntaxausingthe
scheme of (28

Screening of yeastsisolatesfor potential to grow
in cassavamedium

Theability of theyeast isolatesto grow on cassava
wasinvestigated by incubating theorganismsinminera
salt broth (M SB) containing cassavalfiltrate (carbon
source) and incubating the culture under stationary con-
dition at room temperature (28+2°C) for 72h. At the
end of theincubation, themedium was observed visu-
alyforturbidity asindex utilization of theincorporated
carbon source.

Production of biomass

Based ontheresult of thescreeningtest, threestrains
of Saccharomyces cerevisiae (PW02A, PWO3C,
PWO03D) were selected for the enri chment experiment.
Cell biomasswas produced us ng potato dextrose broth
inwhich 250mg of chloramphenicol wasincorporated
toinhibit bacterial growth. The mediumwas sterilized
by autoclaving at 121°C for 15 min. Each flask was
inocul ated with each of the yeast strain and plugged
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with cottonwool, and incubated at 28°C for 72hrsus-
ing aflask shaker. Theyeast cellswere harvested by
centrifugation a 400rpm. The harvested yeast celIswere
washed using eriledistilled water and driedinan oven
at 45°C. Thedried yeast cells were stored in sterile
McCartney bottleuntil required.

Biochemical analysis of fresh, enriched and
unenriched cassavamash

Estimation of protein content

The protein content of the samplewasdetermined
using themicro kjeldal method using aprotein conver-
sionfactor of 6.25.

Determination of lipid (fats)

Thefat content of the sampleswas determined by
direct soxhlet extraction using petroleum ether (bp 40-
60°C) as solvent. 0.5g of the sample contained in a
filter paper was placed in an extractor and the set up
was placed on aheating mantle. The heat sourcewas
adjusted so that the solvent boiled gently and the re-
fluxed several timesfor 6h until theether had siphoned
over and boiled off until the extractor was empty. On
removal, thefilter paper wasplaced in an oven at 50°C
and dried to constant weight. The percentagelipid was
then calculated.

Analysisof ash content

Theash content of the sampleswas determined by
placingaporcdan cruciblehaving 30g of thedry sample
inamurflefurnace and heated to 500°C to burn off al
the organic matter, leaving awhiteash. Thecrucible
wasthen removed andimmediately covered and placed
inadesi ccator to cool. Theweight wasagain measured
and the percentage ash was cal cul ated.

Determination of carbohydrate

The carbohydrate content of the sampleswas de-
termined by subtracting thetota proteinandlipid from
the organic matter.

Deter mination of moisture

A Petri dish was dried in an oven at 105°C for
20min, cooled in adesiccator and weighed. 30g of the
samplewasplaced inthedishandweighed again. The
dish and samplewasthendriedinan oven a 105°Cfor
24hto achieveacongtant weight and was quickly trans-
ferred to adesiccator to cool. It was weighed again
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after coolingwith minimum exposuretotheamosphere.
Thelossinweight of the sasmpleduring dryingisthe
moi sture content.

pH measur ement

ThepH of the sampleswasdetermined usng apH
meter after standardizing it with phosphate buffer solu-
tion.

Deter mination of cyanide

Thecyanidecontent of the sampleswas determined
using the method of™Y. In this method, 20g of the
crushed cassavarootswas homogenized in distilled
water for 10min. The homogenate wasincubated for
18h at room temperature (28+2°C) after which 100ml
of 5% NaHCO,wasaddedtoit beforedistillation. The
filtratewas collected and titrated against 0.2% iodine
solution using 1% starch asindicator. Cyanide content
wascdculated using thevaues.

Production of garri

Fresh cassava roots were peeled, washed, grated
and goredinajutebag for dewatering. Fermentation of
the fresh cassavaroots was alowed to take place for
48h. After 48h, the dewatering processwas completed
using adewatering machineto drain off theremaining
water from thecassavamash. Thecakeformed wasbro-
keninto smaller lumps, seved and friedto atemperature
of 80°C until themoisture content reduced to 10%. Dur-
ing fermentation, themicrobiologica andysisof thefresh
cassavamashwascarried out after 0, 24hand 48h. Smi-
larly, biochemica analysis (asdescribed above) of the
fermenting cassavawascarried out.

Microbiological analysisof garri

A seridly diluted sample of thefresh cassavamash
was plated on Nutrient agar (for total viablebacteria
counts), MacConkey agar (for coliform counts), man-
nitol salt agar (for Staphyl ococci), and sabouraud dex-
troseagar (for fungi). Theinoculated plateswereincu-
bated at 37°C for 24h for bacteriaand at room tem-
perature (28+ 2°C) for 3-5 days for fungi. Colonies
which devel oped on the plates were counted and ex-
pressed as colony forming units per gramme (cfu/g) of
sample. Thecountswere determined after Oh, 24h, and
48h. Theisolateswere purified by repesated sub cultur-
ing on fresh mediaand characterized based on gram
gtaining, colony morphol ogy, biochemicd testsinclud-
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ing production of catal ase, coagulaseand carbohydrate
fermentation. Thebacterid isolateswereidentified by
comparingthar characterigticswith those of knowntaxa
using theschemeof®. Fungi wereidentified usingtheir
morphologica and biochemica characteristics™

Enrichment of garri with theyeasts

1.5g of 72h old yeast strain wereinocul ated into
200g of thefresh cassavamash, mixed thoroughly and
alowed to stand for 48h for fermentation asthe dewa-
tering process proceeded. A control experiment was
Set upinwhich the cassavamash wasnot enriched with
yeast cells. Sampleswerewithdrawn at interval of Oh,
24h and 48h for the determination of protein, pH, ash,
moisture, lipid, and cyanide contents. Microbiol ogical
analysiswasaso carried out during these intervalsfor
bacterid, fungi, coliform and staphylococci counts.

Sensory evaluation of protein enriched garri

The method of*” was used. 150g of the enriched
garri wasprepared with boiling water, alowedfor five
minutesand then ftirred. Thegarri (eba) wascompared
with commercidly prepared garri (eba) for thefollow-
ing parameters: taste, colour, texture, aromaand gen-
erd acceptability by apane of tenjudges (using ques-
tionnaire) of regular ebaconsumersusingtheHedonic
sca e product. The sensory scoreswereanayzed sta-
tigicaly.

RESULTS

Yeastsin palmwine

Of thenineyeadtsisolated fromthepamwine, three
isolates, identified as Saccharomyces cerevisiae
(PWO2A), Saccharomyces sp (PW03C), and Saccha
romycescerevisiae (PW03D) exhibited high ability to
grow and utilize cassavaasacarbon source. While other
isolates Saccharomyces cerevisae (PWO01B), Saccha-
romyces cerevisiae (PW02D), Saccharomyces sp
(PWO03B), Saccharomycessp (PWO03A), Candida sp
(PW02B) and Candida sp (PWO01A) would need
morethan 72hto grow maximally inthe cassavame-
dium. S. cerevisiae PW02A, PW03C and PW03D
wereableto grow maximally within 72h (TABLE 1).
Thesethree strainswere selected for protein enrich-
ment experiments.

Microbial countsand identification

Theresultsrevealed that thetotal viable bacteria
countsfor theenriched cassavamashincreased from 2.7
x 102cfu/g to 4.2 x 10%cfu/g after 48h. The coliform
countsincreased at theearly stage (2.6 x 102cfu/g) and
decreased sharply after 24hto 1.0 x 10%cfu/gand then
increased dightly again after 48h, 1.4 x 10°cfu/g. The
countsof staphylococdi aso decreased from 2.0 x 10°cfu/
gto 1.3 x 10°cfu/g after 48h fermentation. Fungi counts
increased from 3.5 x 10%cfu/gto 6.8 x 10°cfu/gover the
sameperiod (TABLE 2). It wasobserved that coliforms
dominated at theinitid stageof fermentation, theaerobic
heterotrophic bacteriadominated after 24hwhileyeasts
dominated at theend of thefermentation period.

Severd bacterid generawereidentified duringthe
fermentation period: Bacillus, Klebsidla, Escherichia,
Corynebacteriumand Saphylococcus. Fungi isolated
included Aspergillus, Fusarium, Mucor and Rhizo-
pus. It was observed that Aspergillus had the highest
occurrence. Yeasts Saccharomyces cerevisiae and
Candida sp wereadso identified.

The pH of the enriched cassava mash decreased
from 6.98 t0 6.96 after 48h whilethat of unenriched
cassavamashincreased from 7.0to 7.02. Thecyanide
content of the fermenting enriched cassavamash de-
creased after 24h from 141.75mg/kg to 97.88mg/kg
and further decreased to 52.13mg/kg after 48h. The
cyanide content of the unenriched fermenting cassava
mash decreased from 128.25mg/kg to 101.25mg/kg
after 48h (TABLE 3).

TABLE 1: Screeningtest for growth of yeastsin cassava
medium

Growth in cassava
medium after 72
hours
+++

Coded yeast strain

Saccharomyces cerevisiae PW03D
Saccharomyces cerevisiae PW02A
Saccharomyces sp PWO3C ++
Saccharomyces cerevisiae PW01B
Saccharomyces cerevisiae PW02D
Saccharomyces sp PW03B
Saccharomyces sp PWO03A
Candida sp PW02B

Candida sp PWO1A +
+++: maximum growth; ++: moderate growth; +: minimal

growth
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TABLE 2: Microbial population during cassavafer mentation for garri production

Fermentation Enriched cassava mash Unenriched cassava mash
period TVB cC ST FUN TVB CC ST FUN
(hrs) (x10° cfulg)  (x10%cfulg) (x10°cfulg) (x10°cfulg) (x10%cfulg) (x10*cfulg) (x10%cfulg) (x107 cfulg)
0 27 26 20 35 27 4.6 20 25
24 4.0 1.0 17 2.0 3.0 3.0 15 4.0
48 4.2 14 13 6.8 25 5.0 13 2.9

TVB: Total viable bacteria; CC: Coliforms; ST: Staphylococci; FUN: Fungi; cfu/g: Colony forming units per gramme.

TABLE 3 : Biochemical qualities of enriched and
unenriched cassava mash

Crude

Time Sample protein Moisture Lipid Ash Cyanide pH
(hours) (%) (%) (%) (%) (mglkg)
0 E 2.38 59.03 10 299 14175 6.98
UNE 2.10 58.22 10 125 12825 7.0
24 E 324 47.2 14 225 9788 7.01
UNE 275 44.04 9 175 12150 6.94
48 E 4.96 45.01 18 150 5213 6.96
UNE 4.22 253 7 125 10125 7.02

E: Enriched, UNE: Unenriched sample
Sensory evaluation of theprotein enriched garri

Theresultsof sensory evaluation of enriched garri
using Hedonic scale are presented in TABLE 4. Sta-
tistical analysis of the data showed that there were
significant differences (P<0.05) among the enriched,
unenriched and commercially prepared garri. How-
ever, thetexture and taste of the enriched garri was
preferred to that of the commercially prepared garri
after 48h of fermentation. Thus, good acceptability of
the sensory parameters(colour, taste, aroma, texture)

TABLE 4: Sensory evaluation scoresfor protein enriched
garri

of the enriched garri wasbest achieved after 48 hours
fermentation.

DISCUSSION

Thepresent study revealed that palm winecontains
yeasts particularly Saccharomyces cerevisiae and
Candida spp. Thiscould beasaresult of high sugar
content of palm winewhich encouragestheprolifera
tion of theyeastsin thedrink. Oke*® reported that S
cerevis ae constituted 89-92% of total microbial iso-
latespresent in burukutu, alocally brewed fermented
winelikepamwine. The screening of theyeast isolates
for potential to utilize cassava as a carbon source
showed that S. cerevisiae (PW02D, PW02Aand
PWO03C) exhibited maximum growthin cassavame-
diumwithin72h. Thismeansthat these organisnshave
competent degradative enzyme system for the utiliza-
tion of the carbon source. Thequality of thefresh cas-
savaroots used hasaprotein content of 2.1%, which
does not agree with[ that cassava has aprotein con-
tent of lessthan 1%. The protein content of acassava
root may depend on thetype of cassava.

During the fermentation process, thetotal viable

SGUEOW Commercial  Unenriched Enriched  pacterid countsof the enriched cassavarootsincreased
C?)T(;'Jr utes ggg ! 9;“1“ ggr(; ' from 2.7 x 10°%cfu/g to 4.2 x 10%cfulg (48h). Thein-
' ' ' creasein counts may be dueto favorable conditions,

Taste 45 6.8 8.7 . : : :
which alowed the proliferation of theorganisms. The

Aroma 5.4 7.3 8.2 . . 1
Texture 61 6 89 unenriched cassavaincreased from 2.7 x 10cfu/g (at
General ' ' ' 0Oh) to 3.0 x 10t cfu/g (at 24h) and then decreased to
acceptability 5.9 8.1 8.9 2.5x 10" cfu/g (at 48h). The coliform countsincreased
TABLE 5: Comparison of thenutritional quality of the protein enriched garri with unenriched and commercially

prepared garri
Sample Moisture (%) Ash (%) Lipid (%) Protein (%) Crudefibre (%)

Enriched garri 6.0 14 2.0 7.6 19

Unenriched garri 71 14 2.0 6.3 21

Commercially prepared garri 53 3.0 24 4.0 26
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at the early stage of the cassavafermentation for both
the enriched and unenriched cassavaand then decreased
at theintermediate and thefinal stages. Thismay be
duetothequdity of thewater usedinwashingthepeded
cassavaroots, or fromthemillingwhereit wasgrated,
or bowlsused in washing the cassavaroots. The sta-
phylococci countswerehigh at the early period of fer-
mentation. Theorganismsprobably originated fromthe
water used in washing the cassavaroots. The bacteria
isolated during fermentation were Staphyl ococcus,
Bacillus, E. cali, Klebsiella and Corynebacterium.
This agrees with the report of Nwachukwu and
Okaf orl'? that these organisms are associated with
cassava fermentation. Bacillus sp was the most fre-
guently isolated; thismay be dueto thewidespread of
theorganismin nature, and the ability to form spores.

Aspergillus, Fusarium, Mucor and Rhizopuswere
asoisolated inthe present sudy intheir study onthe
microbiol ogy and technol ogy of cassavastarch fermen-
tation isolated moulds of thesegenera. Aspergillusoc-
curred morefregquently which may be dueto the abun-
dance of theorganismin nature. Yeastsof the genera
Saccharomyceswerealsoisolated. Severd investiga
torgd10121418 had al so reported theinvol vement of these
organismsin cassavafermentation. Okafor™ reported
that these organismsareindigenous microfloraof cas-
savatubers.

At present, little has been documented on the bio-
chemica processesinvolved in thedifferent stages of
cassavafermentationfor garri production. Thecyanide
content of the cassavamashwashigh at theinitial stage
and then decreased after 72h. Thismay bedueto the
degrading ability of thefermenting organisms. Essert
reported that the bacteriaBacillushavelinamaraseen-
zymethat iscapableof reducing hydrogen cyanidelevel
within 72h. Thishel psinthe detoxifying process.

The initial protein content of the enriched and
unenriched cassavamash was 2.38% and 2.10% re-
spectively (TABLE 3). Thishigh protein content may
be dueto the type of cassava used. After 72h of fer-
mentation the cassavamash wasfried and the protein
content roseto 7.6% (for enriched cassavamash) and
6.3% (for unenriched cassava mash) respectively
(TABLE4). Theconsderablegresat increasein thepro-
tein content of the enriched garri may be dueto the
mixed culture used for the enrichment process and the

aseptic naturein which the production was handled.
Thelow protein content of thecommercialy prepared
garri may bedueto the handling process, the other mi-
croorganisms present that may interferewith thefer-
mentation process by competing successfully with the
yeast cellsleadingto low protein content.

CONCLUSION

Carbohydrate based food are poor in protein but
basicdly richin energy. Thereforeincreasing the pro-
tein content of cassavafor garri production using inex-
pensivesource, microbia cellsisimportant. Prospect
for thetransformations of cassavabased food into pro-
teinrich foodstuff are promising sincelesswill beex-
pended for the cultivationto replaceimported fishmedl.
Protein enrichment of carbohydrate based food present
animproved food economic that cannot be met by ag-
ricultureaone.
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