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Aspergillus niger ANL301 B-1 B-glucosidase was investigated on its effectiveriessptimizing protein
contents and reduction in cyanide content of caspaels. Freshly harvested cassava tubers peasdwed

in oven at 78C for 36 h and milled into fine particles using noienillers. Two sterilized conical flasks (250
ml), each containing 50 g of the cassava peel flotiiplicates were prepared. Thirty (30) ml oérsfe basal
medium was added into each flask and thoroughlyedixhe flasks and their contents were sterilizgd b
placing in boiling water at 10C in a GFL brand water bath for 5 min and in theoalave at 12%C for 15
min. After cooling, one ml of spore suspensiorAohiger was aseptically introduced into the first set @& th
flasks plugged with cotton wool and dried in theemat 66C for 24 h. The second set of flasks had no
inoculums, were plugged with cotton wool and did¢doom temperature. Results showed that fermentati
of cassava peels by solid state fermentation usiagA. niger significantly (p<0.05) enriches the protein

Abstract:

content of the waste and drastically lowering tlyanide concentration The significant changes irderu
protein and cyanide contents after fermentatiorgests it could be used as a good source of pratein
compounding animal feeds. These findings will feaié the development of an improved method for
enhancing the nutritional value of cassava peealsodimer waste products.
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Introduction
Livestock and fisheries productivity requires featiat

common species of mold found inside and outside the
home. Although it is one of the most dangerous o®als

contain the entire dietary component. However, sit i it can cause life threatening illnesses and prowkeng

difficult for most farmers to afford the qualitief feeds
needed for utmost productivity as a result of hagist.
Therefore, there is need to develop non-converitifooal
sources that will meet the need of all and affolelafbence
the needs to exploit agricultural wastes generdigd
farmers, that is readily available at low or at owst.

allergic reactions, it is a source of one of theyemes
widely used in food products around the world.ridquces

a variety of enzymes such as cellulase and xylanase
(Farinaset al.,, 2010), phytases (Bhavsatral., 2011),
amylases ( Mitidieriet al., 2006), and peptidases ( Morya
et al., 2012), and therefore is essential in alcohol deidy

Agricultural wastes such as cassava peels, baneela,p fermentation as well as in the production of citacid

plantain peels, and citrus peels can be used fmtyging
the value-added bioprotein.
however lack nutrients such as protein and vitanaing
are rich in fibre with low digestibility (Villa-Boast al.,

2005). The need to improve the nutritional contdrthese
by-products using microbes were exploited i.e.iaailon

of food wastes by biological degradation of the teady
microorganisms for the production of valuable coomuis
such as enzymes, citric acid and others as rawrialatéor

medical and industrial uses become vital

Cassava peel is a major by-product of the casséeadus
root and are normally discarded as wastes and edlaw
rot in the open. Bioprocessing of the peels will paty

convert the waste to useful products, but it wikoa

which is a very common food additive.

These waste productdModification of agricultural wastes produce proteiith

high nutritional value, that do not compete wittodofor
human consumption, economically feasible and lgcall
available (Uysalet al., 2002). Bioprotein is achievable
biotechnologically using microorganisms such asgiun
bacteria and algae. The usage of fungi is most cammm
due to their capability to propagate on agricultuvastes
within a short period and ability to produce higiotein
content in their biomass (Anupama and Ravindr, 2009)
production can be maximized using potential strgogd
substrate and most favourable condition (Jaetahl.,
2008). Fermentation enhances the nutrient confeibds
through the biosynthesis of vitamins, essentiahanaicids

minimize environmental problems associated withirthe and proteins, by improving protein quality and débr

disposal and reduces environmental
Healthy life and cleaner environment is the endiltesf
solving these problems in such a way by procestieg
waste into value added product (Nigatal., 2009). Thus,
efficient bioprocess for underused biomasses ighat
forefront of biotechnological research (Rattanactrores
al., 2009; Pamt al., 2011).

Microorganisms produce enzymes that are used iousr
industrial applications (Mitidierét al., 2006). Isolation of

health hazardsligestibility. It also enhances micronutrient biadability

and aids in degrading antinutritional factors (Adwhuet
al., 1998), thus the objectives of this study is ¢ffare to
useAspergillus niger ANL301 to optimizes cassava peels.

M aterials and M ethods

Sample collection

The freshly harvested cassava (NR 8082) tubers were
collected from International Institute of Tropical

native or production of genetically modified enzyme Agriculture (IITA), Ibadan. The tubers were washeith
producing microorganisms may have substantial ingpac tap water and peeled with stainless steel knife fpéels

on present and future industrial processes (Veroretlal .,

were again washed and immediately collected into

2013). Nowadays the most commonly used industriapolythene bags and transported to the laboratoheyT
enzymes belong to the hydrolase group, which etgloi were immediately spread in trays and left to drythe

several natural substrates (Mitidiegt al., 2006). The
filamentous funguéspergillus niger is one of the most

oven at 70C for 36 h (Ofuya and Nwajiuba, 1990). The
dried peels were cooled and then milled into fiaetiples
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using a Willey micromiller with a 2 mm sieve. Thed  One-way analysis of variance SPSS (16.0 versioRES
flour was packed into paper bags, wrapped in atpehe Inc, Chicago, USA, was employed to calculate the
bags and stored at ambient temperature in thedtdogr  significance of the differences between control and
There were two treatments carried out in threeicefds  experimental means. P values of 0.05 or less were
each. considered statistically significant (Fisher, 195Bultiple
Preparation of inoculums bar graphs were also used in this study for theopa
The A. niger was collected from the Microbiology representation of assessment endpoints.

Laboratory, Obafemi Awolowo University, lle-Ife, @n

was grown on Potato Dextrose Agar (PDA) slant28€3  Results and Discussion

The PDA slants were kept in the refrigerator 8€.4 Cassava peels is readily available at no cost, lbuked!ly
Subcultures were made from the slants for use.ril&te low in protein, high in crude fiber, deficient irutnients
distiled water was aseptically poured into 48hald other than energy and contain high concentratidrniexic
culture oldA. niger on PDA plate. Sterile inoculation loop cyanogenic glucosides, caused by the conversion of
was used to disperse the spores into the water analcetone cyanohydrins in cassava to cyanide, and the
centrifuged. The supernatant was discarded anésagm  presence of linamarin. Ingestion of a lethal dosg teads
containing bacteria spore was obtained. to death as a result of inhibition of cytochromédase of
Vegetative medium for Aspergillus niger the respiratory chain by cyanide as reported intgoa
The basal medium used for fermentation contained thingested cassava leaves and in non-ruminants,pii®,
following ingredients: KN@ (5.0 g), KHPQO, (2.0 g), when fed fresh uncooked tubers and cassava peels
MgSQ,.7H,0 (0.5 g), F&Sa,7H,0 (5.0 mg), ZnSQ7H,0O (Obioha, 1972). Thus the need to detoxify the peels
(1.0 mg), Ca880,.2H,0 (5.0 mg), yeast extract (2.0 g), enhance its economic status in compounding livisaocl
tryptone (5.0 g), thiamine (0.05 mg), Biotin (0.09)mn fish feeds.

nicotinic acid (0.5 mg), riboflavin (0.05 mg 0 iRODO0 mi In this investigation, crude protein content imged in
distiled water. The pH was adjusted to 5.5 beforethe inoculated cassava peel flour and ranged batwee
dispensing in 30 ml into Mac Cartney bottles and(4.40:0.11 and 29.20+ 0.24) %, while in naturally
autoclaving for 15 min at 12C. fermented peels, it ranged between (43020 and 9.8@
Solid state fermentation (SSF) 0.24) %. There was steady increase in the inoaliaeels

Six sterilized 250 ml conical flasks were used withee  with increasing number of days of fermentation Ity 6
replicates per treatment. Each containing 50 g haf t and slightly declined afterwards, while in the matly
cassava peel flour. Thirty (30) ml of sterile baseldium  fermented, there was slow increase but not compmrab
was added into each, mixed thoroughly and divided i with the treated peels. At the end of this studytgin

two groups as stated below production was significant (p<0.05) in naturallyrnfeented
Group A: This group was placed in boiling water at cassava peels and highly significant (p<0.01) otidated
100°C in a GFL brand water bath for 5 minutes and therpeels when compared with unfermented peels. Conmparin
sterilized in the autoclave at IZ1 for 15 min. After the treated and the untreated peels, there wendfisamt
cooling, 1 ml ofA. niger was aseptically introduced into (p<0.05) different in protein production on ddf; 8", and
each flask. After 24 h of fermentation, 10 g of stes 7" (Table 1).

were picked from flask under aseptic conditions levhi The significant increase in the protein contents in
subsequently samples (10 g) were picked at 24dmialls  inoculated cassava peels could be dua mbger ANL301

for up to 168 h of fermentation. At the end of eachB-1 B-glucosidase attribute in the production of protsas
fermentation period, samples were wrapped inan enzyme that breaks down proteins and peptides by
appropriately labeled aluminum foil paper and direthe  catalyzing the hydrolysis of peptide bonds (Olebhal.
oven at 68C for 24 h (Ofuya and Nwajiuba, 1990) for 2002). Also, the increase observed in the proteintents
further analysis could be as a result of the bioconversion of sugar
Group B: This group was not pre - treated and noproteins, this is because some fungal are knovaoneert
inoculation. It serves as the control. This set alémwved  green plant carbohydrates into fungal protein, Whis

to ferment naturally. After 24 h of fermentatiorQ) § of  turn can be converted to animal protein (Balagopalan
samples were picked from flask under aseptic cmmdit 1996, Akinyele and Agbro, 2007). The finding
while subsequently samples (10 g) were picked at 24&orroborated the observation of Seletral. (1973), where
hourly intervals for up to 168 h of fermentationhel  carb bean carbohydrates was converted to fungaéipro
samples were wrapped in appropriately labeled alumi  usingA. niger. Similar findings was reported by Shide

foil paper and dried at room temperature (Ofuya andal.(2004), in wood sawdust treated withentinus
Nwajiuba, 1990) for further analysis squarrosulus (Momt) Singer, a basidiomycete also known
Total protein and cyanide contents determination as a white rot fungi. They observed that the fungas
Bovine serum albumin (BSA) used for the determinationable to degrade 0.1M HCl-pretreated wood sawdust to
of protein quantity was purchased from Sigma Chelmicaprotein and ethanol by average value of 72.0% over
Company. Protein determination was performed usinguntreated wood sawdust samples, after hydraulentien
both the original Lowry method (Lowrst al., 1951) and time of 72 h. Also, similar results have been régbiby
protein determination kit (Bio-Rad, Hercules, CA) lyayi (2004) where an increase of 61% in proteintent
following the manufacturer's instruction as desmitby  was recorded in Corn bran fermented
Bradford (1976). The protein content was also wdlifi with Trichodermaviride. Similarly, lyayi (2004) also
using using the micro-Kjeldhal method (N x 6.25heT observed an increase of 41% in the protein levéVbéat
cyanide was measured spectrophotometrically at ©885n offal after 14 days of fermentation usiAgniger. Ofuya
using a cyanide determination kit (Spectroquant @ean and Nwanjiuba (1990) observed an increase of 18%% i
14800, Merck, Darmstadt, Germany (Hugleeal., 1992), the protein content of cassava peels (from 5-6-16%)
and verified using silver nitrate titration meth@@boh et whenRhizopus sp. was cultured on the peels. The fungus

al., 2002) can also produce some extracellular enzymes such as
Data analysis amylases, lipases, cellulase, citric acid , xylasas
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galacatosidase, glucoamylase and linamarase (Obdh ain growing pigs fed cassava peel diets containi@gppm
Akindahunsi, 2003, Ganiyu, 2005).These enzymes aré¢otal cyanide.
considered generally recognized as safe (GRAS)hey t The findings had revealedl niger possesses the capacity
United States Food and Drug Administration and isto degrade cassava peels and significantly enhanced
excused from the Federal Food, Drug, and Cosmetic Acprotein content in the fermented cassava peelsvang
food additive tolerance requirements (Schusteral., efficient in cyanide detoxification. Similar obsation
2002). The enzymes are secreted into the cassastasna was reported by Tweyongyere and Katongole (2002),
as to make use of the starch produced by the cagsmls when the waste water from cassava pulp was used to
in the production of carbon and other essentiattions  ferment cassava peels. The cassava peels regasded a
(Raimbault, 1998). For instance, the citric acidvesrthe  having no economic value, could be integrated amtional
purpose of improving taste, nutrition and shek-liff food  nutrition. Apart from reducing contamination of the
products and alpha- galactosidase is capable @kiomg  environment, this technique will be essentially fukén
down certain non-digestible oligosaccharides in theconverting wastes into useful products, an obsienvadhat
digestive tract. call for holistic research in fungi and other miuiad
biotechnology.
Table 1: Crude protein (% dry weight) production of
A. nigerANL301fermented and naturally fermented
pretreated cassava peels at different timeinterval
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