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Original Research Article

Evaluation of functional properties of spontaneansl starter culture fermented
sweet potato flour.

ABSTRACT

Sweet potato tubers obtained from a local marketwserted, washed processed
into fermented and unfermented sweet potato fldlle samples obtained were
analysed for their functional properties (swellipgwer, solubility index, water
absorption capacity, dispersibility and bulk deyjsiusing standard laboratory
procedures. A significant difference (p<0.05) whsarved in the loose and packed
bulk density with values ranging from 0.488 to 0.6fmL and 0.701 to 0.801
g/mL respectively but there was no significant elince (p>0.05) in the water
absorption capacity, oil absorption capacity andpéisibility. There was no
significant difference (p>0.05) in the swelling pembut numerically the swelling
power increased with increase in temperature. Aifsogint difference -was
observed in the solubility index above 75°C andaase in solubility with increase
in temperature was observed. The result of thdysslhowed that fermentation had
no significant effect on the functional propertigshe sweet potato flour except its
effect on the porosity of the granules as showth@result of the bulk density. The
functional properties of these flours showed theirqueness-in—each—parameter
measured-o E an be useful for food applicationgs®es.

Keywords. Sweet potato flour, starter culture, fermentationctional properties.

INTRODUCTION

Functional properties are properties that are usepredict the application of a
food material as well as the end use for variowsl forod{(Dls-and the behavior of
the functional properties depend on the sourcawfmaterial, presence of various

ingredients, and processing conditions (Akinwatieal., 2017).They interact with
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other food components directly or indirectly affagt processing applications,
food quality and ultimate acceptance.

Sweet potato [I[pomoea batatas (L.) Lam.] ne of the major staple crops and
the most important food security promgtroot crops in the world,
especially in sub Saharan Africa (Low et , al.2009). Well adapted to the
tropical and subtropical regions, sweet pota&s nutritional advantage for the
rural and urban dwellers (Ingabire and Hild®)11). Sweet potatolppomoea
batatas [L.] Lam.) is a dicotyledonous plant from the f&mConvolvulaceae
that grows in tropical and subtropical aremsd even in some temperate
zones of the developing world (Ahn, 1993).developing countries, sweet
potato ranks fifth economically after rice, v@he maize, and cassava, sixth in
dry matter production, seventh in digestibleergy production, and ninth in
protein  production (Starters at al.,, 2005; Thmitly and Loebenstein,
1986).World production is about 131 milliononhes per year, on
approximately 9 million ha with mean estimatgelds of 13.7 tonnes ha-1
(FAO, 2009). China is the world’s leading produocérsweet potato, accounting
for about 80% of the total production worldei Nigeria is the most abundant
sweet potato producer in Africa and second to &nworld production (FAO,
2014).

Sweet potato is an excellent source of enddf§8 kJ/100 g edible portion)
and can produce more edible energy per hecger day than cereals, such
as wheat and rice (Abu et al., 2000) arsl ldher advantages, such as
versatility, high vyield, hardiness, and wideolegical adaptability (Laurie et
al., 2012). Sweet potato roots are rich inrcéta sugar, vitamin (@-carotene,
iron, and several other minerals (Laurie att, 2012; Oloo et al.,, 2014).
Despite its high carbohydrate content, swedhtp has a low glycemic index

due to low digestibility of the starch making suitable for diabetic or
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overweighed people (Ellong et al., 2014; Fatugt al.,, 2014; ILSI, 2008;
Ooi and Loke, 2013). In addition, some vaeetof sweet potatoes contain
colored pigments, such dgscarotene, anthocyanin, and phenolic compounds.
These pigments form the basis for classifying tbheds as nutraceuticals (Oloo
et al., 2014). Nowadays, several research pnoges are focusing on orange-
fleshed or vitamin A sweet potato with greatential to prevent and
combat vitamin A deficiency for the crops walchain upgrading within the
West African sub-region (Inaghe and Hilda, 2014 addition, cassava is also
largely consumed after processing into gatraditional flour, lafun, and

improved flour. However, the potential benefit<mp such as sweet potato are
marginalized and are underutilized despite rthechnological potential which

iIs well recognized and exploited elsewhere.

Fermentation is the conversion afbohydrates to alcohol and carbon
dioxide or organic acids using yeasts, bagteror a combination under
anaerobic  conditions. The primary benefit efnfentation is the conversion
of sugars and other carbohydrates to usabid eroducts. According to
Steinkraus (1995), the fermentation of foods imprélavour, aroma, and texture
in food substrates, preservation and shelf-Beension through lactic acid,
alcohol, acetic acid and alkaline fermentagti@mhancement of food quality
with -~ protein, essential amino acids, essentialty acids and vitamins,
improving digestibility and nutrient availabylit detoxification of anti-nutrient
through food fermentation processes. Starteugtare living microorganisms
of defined combination used for fermentationrpmses. They help to ellicit
specific changes in the chemical compositiarititonal value and sensorial
properties of the substrate (Opere et al.l120and they are generally

recognised as safe (Augirre and Collins, 198Rjreover, their properties are
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as follows: They are harmless, initiate andticdnthe fermentation process,
typical for product, help in rapid acid foriea@, and help protect against

spoilage organisms.

Starter cultures are cheaply reproducible in largenount, they also help
provide desirable sensory properties and alsistassn reducing fermentation
period.Lactic acid bacteria (LAB) are Gram paesti acid tolerant, generally
non-sporulating, either rod or cocci shapedtdréa that produce lactic acid
as the major metabolic end product of carbodiyg fermentation. Lactic acid
bacteria have been reported to be predomimaictoorganisms in most of
the African indigenous fermented foods (Noui991; Halm et al., 1993;
Hounhouigan et al., 1993; Sanni, 1993; Staing 1996; Olasupo et al.,
1997; Nago et al, 1998, Kunene et al.,, 20@Muhan et al., 2013).
Yeasts are eukaryotic, single-celled microorganistassified as members of the
fungus kingdom. The first yeast originated hundrefdmillions of years ago, and
1,500 species are currently identified (Kurtzmad &ell, 2006; Hoffman et al.,
2015). By fermentation, the yeast species Saccharesncerevisiae converts
carbohydrates to carbon dioxide and alcohols.Fougands of years the carbon
dioxide has been used in baking and the alcohaldaholic beverages (Legras
al.,2007).The objectives of this study was to detearihe application and use of

fermented sweet potato flour for various food piddu
MATERIALS & METHODS

Sample Collection

Fresh raw sweet potato samples used for this waite wurchased from Arena

market, Bolade, Oshodi, Lagos state Nigeria. Thepées were brought to
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Biotechnology Department of Federal Institute oflustrial Research, Oshodi,
(FIIRO) Lagos State.

Preparation of Samples

The sweet potato tubers were thoroughly sortecmoore bad ones from the lot.
The sorted tubers were washed to remove adheriiigpaaticles, weighed

accordingly into four different portions. The tubeafter weighing were thereafter
peeled and sliced into small pieces, transferréd sterile fermentation bowls,

appropriate volume of clean water was added teweet potato samples.
Preparation of Inoculum

Starter cultureslL@ctobacillus brevisand Debaromyces polymorphgussed for
this study were isolated from fermenting sweet fotaroth, after isolation the
organisms were subcultured by streaking on MRS &Qapid) for Lactic acid
bacteria and incubated anaerobically at @%or 24 hours. Pure culture of yeast
isolates was cultivated by streaking on potato rdegt agar PDA (Oxoid) and
incubated at Z%& for 3 days. A colony was picked from each puréuce plates of
MRS and PDA plates and inoculated aseptically @S broth and YEPD (
Yeast Extract Potato Dextrose) respectively thembated. After incubation, the
organisms were harvested from the broth media btribegging at 5000 rpm for 15
minutes. The supernatants were decanted and thebioehass disloged using

sterile distilled water

Preparation of starter culture fermented sweet potato flour

The sweet potatoes were washed to remove adhamingesticles and peeled. The
peeled tubers were chipped into slices (4 to 5 amd)soaked in potable water and
inoculated with the starter cultures (Appropriatdume of sterile distilled water

was used to wash the organisms into the variomsefietation bowls containing the
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sweet potato samples). (Ajayi et al., 2016) foeaqa of 48 h and 72 h. After this
period has elapsed, the fermented chips were dfand dried in a cabinet drier
(Mitchel, Model SM220H) at 55°C for 9 h and milledo flour (<250 um) (Ajayi
et al., 2016).

Preparation of spontaneous fermented sweet potato flour

The sweet potatoes were washed to remove adhariingasticle, the sweet potato
was peeled and the peeled tubers were chippedliogs (4 to 5 mm) and soaked
in potable water for a period of two days (48 hiteAthis period has elapsed, the
fermented chips were drained and dried in a cabdredr (Mitchel, Model
SM220H) at 55°C for 9 h and milled into flow250um) (Oluwole et al., 2012).
Preparation of unfermented sweet potato flour

The sweet potatoes were washed to remove adhesihgasticles. Sweet potato
was peeled the peeled tubers were chipped intess{itto 5 mm).After this period
has elapsed, the fermented chips were drainedraedlid a cabinet drier (Mitchel,
Model SM220H) at 55°C for 9 h and milled into floi@250 um) (Oluwole et al.,
2012).

Functional properties determination
Bulk density deter mination

Bulk density was determined using standard metl@adsrafet al, 2012). Sample
of 10g was measured into a 50 ml graduated measaylinder and gently tapped
on the bench 10 times to attain a constant heifie volume of sample was
recorded and expressed as grams per millilHi@isner ratio was determined as a
ratio of the packed bulk density to the loose higkisity of the flour (Dossoet
al., 2014).

Water absorption capacity deter mination
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The method described by Adebowateal, (2012) was used for determining the
water absorption capacity (WAC). Sample of 1g wasghed into clean pre-
weighed dried centrifuge tube and mixed with 10 dubtilled water with
occasional stirring for 1 h. The dispersion wastitiged at 3000 rpm for 15 min.
After centrifuging, the supernatant was decanted the tube with the sediment
was weighed after removal of the adhering dropsaiker. The weight of water (g)

retained in the sample was reported as WAC.

Dispersibility determination

Standard method was used for determining dispétgiKulkarni et al, 1991).
Sample of 10g was dispersed in distilled water 9@ ml measuring cylinder and
distilled water was added up to 50 ml mark. Thetarix was stirred vigorously
and allowed to settle for 3 h. The volume of sdttfgrticles was noted and

percentage dispersibility was calculated as follows

Dispersibility (%) = (50- volume of settled parggk 100

50
Oil absorption capacity (OAC)

One gram of sample was mixed with vegetabile(1:10). The mixture was
stirred for 30 min at room temperature. Aftamples were centrifuged (2500g,
30 min), the supernatant was transferred tgraduated cylinder of 10 mL,
where the volume was measured. The OAC wasesged as milliliters of

vegetable oil held per gram of sample (Chaukdmang, 2003).
Swelling power and solubility index deter mination

The methodlescribed by Hirsch (2002) was used for swellinggroand solubility
index determination. One gram of sample was pountedpre-weighed graduated
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centrifuge tube appropriately labeled. Then, 10ofdlistilled water was added to
the weighed sample in the centrifuge tube and thaien was stirred and placed
in a water bath heated at different temperaturgedb5, 65, 75, 85, 95 °C) for 1 h
while shaking the sample gently to ensure thatsttaech granules remained in
suspension until gelatinization occurred. The sasplvere cooled to room
temperature under running water and centrifugedl®min at 3000 rpm. After

centrifuging, the supernatant was decanted frons#@t@ment into a pre-weighed
petri-dish; the supernatant in the petri-dish wasgived and dried at 105 °C for 1
h. The sediment in the tube was weighed and théingarecorded. The starch

swelling power and solubility was determined acowgdo the equations below;

Swelling power = weight of swollen sedimert100

Weight of dry stlarc

Solubility = weight of dry supernatian x 100

weight of starch sample

Statistical Analysis
All experimental data obtained were subjected talyais of variance (ANOVA)

procedure of SPSS version 15.0 (SPSS Inc., 20@padignificant level.

RESULTS

Table 1: Functional properties of various swedafmoflour.

Sample LBD (g/ml) PBD Hausner WAC (OAC) Dispersibility
(g/ml)  ratio (9/9) (g/ml) (%)
A 0.500° 0.660° 1.32 1515  9.100° 0.355°

B 0.607° 0.801° 1.32 1.480 9.05C¢F 0.385°
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C 0.488 0.70z° 1.44 1546 9.10C¢F 0.410°
D 0.519 0.701° 1.35 1.616  8.55CF 0.355°

Values are mean. Mean values=(12) having different superscript alphabets in $hene column are significant
different (p < 0.05A: Spontaneously fermented swipotato flour; B: Unfermented sweet potato flour;48: hours
starter culture fermented sweet potato flour; D:hé2rs starter culture fermented sweet potato ; LBD: Loose
bulk density; PBD: Packeudlulk density; WAC: water absorption capacity; OAQWL absorption capaci

16

mA

mB
mC
mD

Figure 1Swelling power of different sweet potato flour sdespat different temperaturSample A: Spontaneously
fermented sweet potato flour, Sample B: Unfermeredeveet potato flour; Sample C: 48 hours startdiure
fermented sweet potato flour; Sample D: 72 hotader culture fermented sweet potato fl

Table 2 : Solubility indexf various sweet potato flc.

s/n  Solubility Index Solubility Solubility  Solubility  Solubility
(%) 55°C Index (% Index (%) Index Index (%)
65°C 75°C (%)85°C  95°C
A. 349.5¢° 335.0(° 2.50° 6.50" 5.00°
B. 441.00 212.0(° 3.00% 4.50% 6.50°
C. 333.50 259.5(° 4.00% 4.50% 7.00°
D. 347.00 338.0(° 6.50° 2.00° 4.50°

Sample A: Spontaneously fermented sweet potatw,flSample B: Unfermented sweet potato flour; Sar@p 48
hours starteculture fermented sweet potato flour; Sample Dha@ars starter culture fermented sweet potato .



209 Values Are Average Of Two Determinations. Valuethie same column not followed by the Same Supe@isare
210  significantly different P < 0.05).

211 DISCUSSION

212 The functional property of sweet potato flour atfedient fermentation time is
213 depicted in Table 1. A significant difference (p3®). was observed in the loose
214 bulk density (LBD), packed bulk density (PBD) bitete was no significant
215 difference (p>0.05) in the water absorption caga@VAC), dispersibility and oil
216  absorption capacity (OAC).

217  Loose bulk density of the flour samples ranged betw0.488 and 0.607 g/ml with
218 sample C having the lowest value while sample B tmedhighest value. Loose
219  bulk density reveals the ability of a flour samfeoccupy larger storage space per
220 weight (Dossotet al, 2014). This implies that sample C will occupsgler storage

221 space while sample B will occupy less storage space

222 Packed bulk density of the samples ranged betweti@Gnd 0.801 g/ml, sample
223 D had the least value while B had the highest vaRecked bulk density is a
224  functional property that predicts the ease of franstion and packaging of
225 powdery products (Akinwalet al, 2017). Increase in fermentation time caused a
226 decrease in the packed bulk density although twaseno significant difference in
227 the 48 and 72 hours fermentation period, this iagreement with the findings of
228 Oloyedeet al (2016) who also reported a decrease in bulk deosthe sample as
229 fermentation increased. This could be due to tfecebf fermenting organisms on
230 the porosity of the flours and this probably impliat fermented flours up to 48

231 hours will occupy less space during packaging aaterflour can be transported.

232 Hausner ratio of the flour samples ranged betwe8® and 1.44. Hausner ratio is
233 the ratio of packed bulk density to loose bulk agnand this predicts the flow
234 properties of food flour or poyJ{krs-and it has besported that hausner ratio less
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than 1.4 will facilitate conveying, blending andckaging of the flour/powder
which encourages its use in industrial food marntufac(Barbosa-Canovas al,
2005; Ogunsinat al, 2010). Thus, due to the low hausner ratio ofgarB and
D, this suggests that these samples may be theappbtable flour with the best
conveying and blending ability suitable for indidtuse. There was no significant
difference (p>0.05) in the water absorption capaaitthe fermented flours. Water
absorption capacity is a measure of the amountadémheld by the protein matrix
at room temperature. The values ranged from 1.4B.Gt g/ml, B had the least
while D had the highest value. This finding dewsabe®m the findings of Oloyede
et al. (2016) who reported significant increase in wadbsorption capacity of
defatted Moringa oleifera seed flour as fermentation increased. This prgbabl
implies that there was almost equal modificationtted macromolecules during
fermentation exposing the hydrophilic bond of thwest potato flours causing each
sample to have almost the same water affinity rateere was no significant
difference (p>0.05) in the oil absorption capa@fythe fermented sweet potato
flour. The oil absorption capacity ranged from 8t65.10 g/ml. All the samples
absorbed oil almost equally.This corroborates whin work of Fagbemi, (1999)
which reported that good absorption of oil suggesstisefulness in preparation of

food products such as baked foods.

Significant difference was not observed (p>0.05)the dispersibility of the
samples. Dispersibility is a property that indicatiee rate of reconstitution of flour
sample in water.(Oluwolet al., 2016).This probably indicates that the samples

will disperse similarly in water.

The swelling power is depicted in Table 2. Thereswa significant difference
(p>0.05) between the samples but numerically, sligtrease in swelling power

was observed with increased period of fermentafidns is in support with the



261 findings of Oloyedeet al, (2016) who reported increase in swelling powkr o
262 moringa seed flour with increase in fermentationeti Yulianaet al, (2018) also
263 reported increase in swelling power of sweet pottboir with increase in
264 fermentation time. The increase in swelling powertlze length of fermentation
265 increased could be due to the modification of te@e’s starch granules which
266 disengaged the bonds allowing more water uptakesaumtling effect to occur but

267 this effect was not significant enough to indiddiis modification.

268 The solubility index of fermented sweet potato fleias shown in Table 3. There
269 was no significant difference in the fermented dwesato flour at 55 and 65 °C
270 but significant difference was observed above 65 All the samples at

271 temperature range of 55 and 65°C had very highbduvalues; this could be

272 due to the gelatinization temperature of sweettpotiaat has not been attained.
273 The gelatinization temperature of sweet potato lieen reported to be between
274  64.6 to 84.6°C (Hoover, 2001).

275 The solubility above 65 °C increased with increiaskrmentation time and it also
276 increased as the temperature increased. The iecirathe solubility observed
277 above 65 °C may be due to the impact of fermeortatieriod on the granular
278 structure of the sweet potato as reported by Soleoetaal, (2007) that when

279  starch is heated in excess water above its gelation temperature, disruption of

280 granular structure occurs causing molecules toetégpin solution.

281 Relating the swelling power and solubility valué®ee 65 °C, the swelling power
282 were high while the solubility index were low arichas been reported that high
283 swelling power and low solubility are required formation of highly viscous and

284 elastic gels or dough (Baadt al, 2005).This probably suggest that the fermented
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sweet potato flours will be beneficiary for viscaausd elastic food products such
as dough in bread baking.

References

Akinwale TE, Shittu TA, Adebowale AA, Adewuyi S, Abs AB. Effect of soy
protein isolate on the functional, pasting, andssey acceptability of cassava
starch-based custafdood Sci Nutr2017;00:1-7. https://doi.org/10.1002/fsn3.507

Adebowale AA, Adegoke MT, Sanni SA, Adegunwa MO &weduga, GO (2012).
Functional properties and biscuit making potentiafs sorghum-wheat flour
composite. Am. J. Food Technol. 7: 372-379.

Ashraf S., Saeed S.M.G., Sayeed S.A. and Ali R1%Z20nt. J. Agric. Biol.,
14:365-370

Ahn P.M. Tropical soils and fertiliser use: Longm&gience and Technology
Limited, UK; 1993.

Baah, F. D., Oduro, I. & Ellis, W.O., 2005. Evalioat of the suitability of cassava
and sweet potato flours for pasta production, Jaluoh Science and Technology,
25 (1), 16-24.

Barbosa-Canovas, G.V., Ortega-Rivas, E., Julian& Fan, H., Food Powders:
Physical Properties, Processing and Functiondtitywer Academic Publishers,
London, 2005, 71-74.

Chau, C. F.,, Huang, Y. L. Comparison of tterical composition and
physicochemical properties of different fibegepared from the peel of
Citrus sinensis L. cv. Liucheng. Journal ofriggltural and Food Chemistry.
51 (2003) 2615-2618.



310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

Duhan J.S., Nehra K. Gahlawat S.K., Sahardd., Surekha
(2013).Bacteriocins from Lactic Acid Bacteria. In “Biotechnology:

Prospects and Applications (Eds. R.K. Sald.,S

Dossou,V.M., Agbenorhevi J.K., Alemawor F., Odurp2014. Physicochemical
and Functional Properties of Full Fat and Defattattee @lighia sapidg Aril
Flours. American Journal of Food Science and Technolo@¢42 Vol. 2, No. 6,
187-191

Ellong E.N., Billard C., Adenet S. (2014).0r@parison of Physicochemical,
Organoleptic and Nutritional Abilities of HEgSweet Potato (Ipomoea
batatas) Varieties. Food Nutr. Sci. 5(2):196

Fagbemi T. N. 1999. Effect of blanching and ripgnon functional properties of
plantain Musaspp) flour. Foods Hum. Nutr. 54:261-269. [PubMed

Fetuga G., Tomlins K., Henshaw F., Idowu (2014). Effect of variety and
processing method on functional properties traiditional sweet potato flour
(“elubo”) and sensory acceptability of cookmabste (“amala”). Food Sci.
Nutr. 2(6):682-691.

Food and  Agriculture  Organization Statistics. FAO tatiStics.
http://faostat.fao.org/site/567/default.aspx#an2009 5.

FAO. FAOSTAT. Available:http://faostat3.fao.orgfe/ind ex.html#download,
2014



333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

Gahlawat R. Siwach, Duhan .S. Springer, New Delhi, Heidelberg, Ne
York, Dordrecht,London pp. 12-142.

Halm M.A., Lillie AK.,, S Oresen and MJakobsen,1993. Icrobiological
and aromatic characteristics of fermented maize doughs f®nkey
production Ghana. Int. J. Food Microbiol., 19:135-143.

Hirsch J.B. and Kokini . (2002). Understanding the mechanism of c-linking
agents (POCI3, STMP, ind EPI) through swelling behavior and past
properties of crosbrked waxy maize starches, Cereal Chemistry, 79:-
107.

Hoffman C.S., Wood V. Fantes .A. (October 2015).An _Ancient Yeast fol
Young Geneticists: A _Primer _on___th Schizosaccharomyces por Model
System' Genetics201 (2):40:23. doi10.1534/genetics.115.1815 PMC 459665
7@. PMID 26447128

Hoover, R. 2001Composition, molecular structure, and physiemical
properties of tuber anot starches: A revievCarbohydrate Polyme, 45: 253-
267.

Hounhouigan 0J, Nout MJ.R, Nago C.M., Hoube J.H., Rombouts F.V
(1993). Microbiological changes i Mawe during natural fermentation. Wor
J. Microbiol. Biotechnol. 10:41-413.

Ingabire M.R, Hilda V.(2011). Comparison of the Nutrient compositioh
four sweet potato varieties cultivated in RdanAm. J. Food. Nutr. 1(1):-
38.



356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

ILSI (International Life Sciences Institute)2008). Nutritionally improved
sweet potato, in Assessment of foods aretiseCompr. Rev. Food Sci. Food
Saf. 7:81-91.

Kurtzman C.P., Fell J.W. (2006). "Yeast SystematntsPhylogeny—Implications
of Molecular Identification Methods for Studies n i
Ecology". Biodiversity and Ecophysiology of Yeasthe Yeast Handbook

Springer.

Kunene N.F.,, Geornaras 1|, Von Holy A., Hagt JW. (2000).
Characterization determination of origin ofctic acid bacteria from a
sorghumbased fermented food by analysis aflubte proteins and
amplified fragment length polymorphism finger printing. App. Environ.
Microbiol. 66: 1084-1092.

Kulkarni K.D., Kulkarni D.N. and Ingle U.M. (1991)Sorghum malt-based
weaning formulations: preparation, functional md@s and nutritive value.
Food and Nutrition Bulletin., 13 (4): 322-327.

Laurie S.M., van Jaarsveld P.J., Faber MilpBtt M.F., Labuschagne MT
(2012). Trans-b- carotene, selected mineraltesin and potential nutritional
contribution of 12 sweet potato varieties. Jood Compost. Anal.
27:151-159.

Legras J.L., Merdinoglu D., Cornuet J.M., Karst 2007). "Bread, beer and
wine: Saccharomyces cerevisiae diversity refldatsnan history". Molecular
Ecology 16 (10): 2091—- 2102. ddi0.1111/].1365-

294X.2007.03266.PMID 17498234




379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

Low J., Lynam J., Lemaga B., Crissman CakmBI., Thiele G. (2009).
Sweetpotato in Sub- Saharan Africa. In The eetpotato  Springer
Netherlands. pp. 359-390.

Nago M.C., Hounhouigan J.D., Akissoe N., ZanB., Mestres C. (1998).
Characterization of the Beninese traditiongl, a fermented maize slurry:
physiological and microbiological aspects. . Ind. Food Sci.Technol.
33:307-315.

Nout MJR (1991). Ecology of accelerated ratutactic fermentation of
sorghum- based infant food formulas. Int.Féod Microbiol. 12:217224.

Ogunsina B. S., Radha C., and Sign R. S. V.. 2(@®ysicochemical and
functional properties of fulfat and defatted Moringa oleifera kernel flour.

International Journal of Food Science and Techngld§:2433-2439.

Olasupo NA, Olukoya DK, Odunfa SA (1997)emdfication of Lactobacillus
species associated with selected African dated foods. Zeitsch.
Naturforsch, 52:105-108.

Oloo BO, Shitandi A, Mahungu S, Malinga JBgata BR (2014). Effects of
Lactic Acid Fermentation on the Retention BétaCarotene Content in
Orange Fleshed Sweet Potatoes. Int. J. Boil 3:13-33.

Oloyede 0.0, James S., Ocheme B. Ochef@bjemela E. Chinmand Akpa
V.E., 2016. Effects of fermentation time on thedtional and pasting properties of

defattedMoringa oleiferaseed flour. Food Science Nutrition. 4(1): 89-95.



402

403

404

405

406

407
408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

Oluwole,O. Akinwale, T., Adesioye,T., Odediran, @nuoluwatelemi, J., Ibidapo
0., Owolabi,F., Owolabi,S., and Kosoko,S.(201%)me functional properties of
flours from commonly consumed selected Nigerian dF&@rops. International
Research Journal of Agricultural and Food Sciences.

Vol. 1 Issue 5, pp: (92-98),

Ooi CP, Loke SC (2013). Sweet potato type 2 diabetes mellitus.
Cochrane Database Syst. Rev. P 9.

Opere B, Aboaba OO, Ugoji EO, Iwalokun BAR0{2). Estimation of
nutrition value , organoletic properties andonsumer acceptability of

fermented cereals gruel ogi. Adv. J. Food Sechnol. 4(1):1-8.

Sanni Al (1993). The need for process omanon of African fermented
foods and beverages. Int. J. Food Microbid:85-95.

Sobowale A.O., Olurin T.O.and Oyewole O.B, 2007#eE&if of acid bacteria starter
culture fermentation of cassava on chemical andagncharacteristics of fufu
flour. African Journal of Biotechnology 6(16), 19%958.

Stathers T, Namanda S, Mwanga ROM, Khisa G, KapiRgManual for sweet

potato integrated production and pest managensnier field schools in
sub-saharan Africa. International Potato Cenkanmpala, Uganda, 2005;1-
168. 3.

Steinkraus KH (1996). Handbook of Indigeno&&grmented Foods. (2nd
Edn.), Marcel Dekker, New York. Tuber Cropsnternational Potato
Centre (CIP), Lima, Peru, 1992, pp. 41-50.

Steinkraus KH (1995). Handbook of Indigeno&grmented Foods. New
York, Marcel Dekker, Inc. P 776.



427

428

429

430

431

432

433

434

Thottappilly G, Loebenstein G. The sweet potatorirfgger, New York. Walker
DW, Miller C. (1986): Rate of water loss from detad leaves of drought
resistant and susceptible genotypes of cowped.Ftoence, 2009;21:131-132. 4.

Yuliana N., Nurdjanah S., Setyani S., Sartika Dartidnsari Y. and Nabila P.,
2018. Effect of fermentation on some propertiesswket potato flour and its
broken composite noodle strand. American Journ&baoid Technology, 13(1): 48-
56.





