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Abstract

The present study evaluated the detoxification and nutritional enrichment potentials
of the fermented cassava waste pulp obtained through different processing methods
of sweet (S) and bitter (B) cassava varieties by fermentation with Rhizopus
oligosporus and Aspergillus niger. Four batches [two with both bark and cortex of
the tuber removed (S- and B-), two with bark only removed (S+ and B+)] of cassava
waste pulp (CWP) were produced from each of S and B varieties. CWP from the
four treatments were then subjected to Rhizopus oligosporus, Aspergillus niger, and
natural fermentation. Cyanide (mg HCN/Kkg), phytate (mg/100g), tannin (mg/100g),
pH, crude protein (N X6.25) (%), ash (%), Fe, P, K and Ca (mg/100g) content of
the unfermented and fermented CWP were determined using standard procedures.
The range of the reduction (%) in cyanide content for Rhizopus oligosporus
fermented CWP (RCWP), Aspergillus niger fermented CWP (ACWP), and
naturally fermented CWP (NCWP) were 86.24 — 91.95, 79.68 — 84.34 and 72.96 —
78.58 while those for phytate were 58.82 — 71.20, 29.98 — 39.26 and 36.16 — 40.32
respectively. Fermentation had no significant (p>0.05) effect on the tannin content
while the pH range of NCWP, RCWP and ACWP were 7.20 — 7.50, 5.41 — 6.40,
and 3.83 — 4.21, respectively. The range of the increase (%) in the protein content
for NCWP, RCWP, and ACWP was 346 — 375, 671 — 728 and 508 — 542 while
those of the ash content were 7.16 — 7.91, 6.72 — 6.84, and 5.42 — 5.63 respectively.
Of all the examined minerals, only calcium increased by 5.68 — 26.89, 49.96 - 70.43,
and 59.71 — 98.87 % in NCWP, RCWP, and ACWP respectively. Results from the
present study are indicating that controlled fermentation offers greater benefit over
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natural fermentation and that the cassava variety and not the peeling method will
determine the extent of detoxification and nutrient enrichment.

Keywords: antinutrients, cassava waste pulp, detoxification, enrichment,
fermentation, livestock feed

Introduction

Cassava (Manihot esculenta Crantz) is known to be playing a significant role in the
food system of an estimated half-billion people in tropical and subtropical countries.
Presently, cassava supplies about 70% of the daily calorie of over 100 million people
in Nigeria. Besides, it serves as a significant source of livestock feed in many parts
of the globe. However, in recent times, the industrial potential of cassava for the
production of starches for textiles, pharmaceuticals, food, alcohol, acetone, and
dextrin industries is largely being exploited (Gunorubon, 2012).

Cassava processing generates large amounts of wastes that contribute significantly
to environmental pollution (FAO, 2001; Olukanni and Olatunji, 2018). A study on a
starch-producing factory in Nigeria documented by Aro et al. (2010) indicated that
daily processing of 120 tonnes of tubers into starch resulted in five waste product
streams: 17 t of cassava starch residues, 5 t of cassava peels, 15.4 t of cassava
effluent, 8 t of cassava stumps, and 1.51 t of cassava whey. Meanwhile, it has been
estimated that the supply-demand gap for cassava starch and high-quality cassava
flour in Nigeria are 290,000 and 485,000 metric tons (MT) per annum respectively
(PWC, 2020). This corresponds to the respective estimated generation of 870,000
MT and 485,000 MT of cassava pulp as waste annually. It is no doubt that this
represents a great environmental threat to communities within the vicinities of the
production sites. Therefore, the deployment of appropriate technologies towards the
incorporation of these by-products from the primary production of cassava starch or
flour into livestock feeding programs is imperative (Aro et al., 2010).

Meanwhile, there are reports on utilization of cassava and its wastes for feeding
poultry (Salami and Odunsi, 2003; Omede et al., 2017), pigs (Unigwe et al., 2014),
aquaculture (Solomon et al., 1999; Lukuyu et al., 2014; Okoli, 2020), and ruminants
(Smith, 1988; Lukuyu et al., 2014; Oloruntola et al., 2019). However, the high
cyanogenic glycosides and phytate contents as well as the low protein content of
these cassava wastes constitute a restraint to their full exploitation as livestock feed.
Different processes found to be effective in reducing cyanogenic glycosides include
sun-drying, ensiling, and soaking plus drying (Salami and Odunsi, 2003). However,
the processing of agro-allied waste for livestock feed applications should equally
target improved nutrient composition in addition to the reduction of innate natural
toxins and anti-nutrients. In this regard, reports have shown that fermentation of
cassava peels with Saccharomyces cerevisiae and Lactobacillus spp. (Oboh, 2006)
and Trichoderma viride (Ezekiel et al., 2010) resulted in a product with higher
protein content, lower cyanogenic glycosides, and phytate content. Similarly, lyayi
and Losel (2001) obtained a crude protein of 7.91% and 9.04% from the fermentation
of cassava pulp using Aspergillus niger and Saccharomyces cerevisiae respectively.
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Major cassava by-products derivable from cassava tubers and leaves which have
found application in feeding livestock include cassava leaf, cassava leaf meal,
cassava leaf protein concentrate, cassava peels, cassava stumps, cassava sievate, and
cassava pomace/pulp/bagasse/starch residue (Lukuyu et al., 2014). Incidentally,
studies have shown that cyanogenic glycosides are more concentrated in cassava
leaves, root cortex and root parenchyma (Cardoso et. al., 2005; Burns et al., 2012;
Ndam et al., 2019). It then becomes imperative for the by-products of these cassava
organs to be properly detoxified of cyanogens before they are used as livestock feeds.
The nutrient quality of the cassava root varies depending on several factors, such as
geographic location, variety, age of the plant, and environmental conditions
(Chisenga et al., 2019; Hasmadi et al., 2020). The ‘bitter’ cassava varieties have a
high cyanide content, but they have high starch contents and are thus used in starch
processing. On the other hand, the ‘sweet’ or edible varieties have a low cyanide
content, hence, they are mainly used for food and food products (Hasmadi et al.,
2020). Similarly, Manano et al. (2018) reported a significant varietal influence on
the levels of starch, calcium, magnesium, cyanonenic glucosides and phytates
present in cassava roots.

The increasing demand for cassava starch in Nigeria is attracting many medium and
large scale industries into the cassava processing sector. To produce cassava starch,
the tubers are washed, peeled, washed again, and then grated mechanically to
produce cassava pulp. Thereafter, the pulp is then mixed with water and strain/filter
with excess water. The residue left after filtration is cassava pomace/pulp/bagasse.
The filtrate is either centrifuged or allowed to sediment to produce cassava starch
sediment (FAO, 2001). During cassava starch processing, peeling could be done by
removal of both the bark and cortex or the bark of the tuber only. Some
manufacturers adopt the latter practice on the premise that starch yield is increased.

An investigation that focused on detoxification and nutritional enrichment of cassava
waste pulp as affected by processing methods and cassava varieties (sweet and bitter)
has not been reported. The objective of the present study is to evaluate the
detoxification and nutritional enrichment potentials of the cassava waste pulp
obtained from sweet and bitter varieties through different processing methods and
fermented by Rhizopus oligosporus and Aspergillus niger.

Materials and methods
Materials

Two varieties of freshly harvested cassava tubers: bitter (B) and sweet (S), were
obtained from the Root and Tuber Expansion Programme of International Institute
of Tropical Agriculture, located in Ogere, Ogun State Nigeria. The cassava tubers
were harvested after 12 months of planting.

The strains, Rhizopus oligosporus and Aspergillus niger, were obtained from the
culture collection center of Biological Sciences Department, Augustine University,
Ilara-Epe, Lagos State, Nigeria. The strains were isolated from fermenting cassava
products. They lack gelatinase and haemolytic activities and exhibited high
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linamarase and amylase activities, as well as tolerant to 2% bile salt. Stock cultures
of these microorganisms stored at - 40° C in malt extract broth (Difco, Michigan,
USA) containing 20% (v/v) glycerol were reactivated by inoculating in malt extract
broth (Difco, Michigan, USA) at 28 °C for 72 h.

Preparation of cassava waste pulp

The tubers of each of the two varieties (B and S) were peeled using two methods.
The first method of peeling was done by removing both the bark (outermost thin
brown layer) and the cortex of cassava tuber (B- and S-) while the other method
involved the removal of the bark only (B+ and S+). After peeling, four batches of
cassava tuber were obtained. Then, one kilogram of cassava tubers of each of the
four batches was washed with tap water at room temperature (29 + 1°C) and grated
separately using a mechanical grater to obtain cassava pulp. The pulp was mixed
with 0.5 L of clean tap water and stirred vigorously. The resulting suspension was
screened using double layer cheesecloth to extract the cassava starch. The residual
mass was rinsed with excess water for about three times to extract as much starch as
possible. The residue left thereafter was cassava waste pulp (CWP).

Fermentation of cassava waste pulp

One hundred grams of each of the four batches of CWP was packed into a salt bag,
tied up and subjected to the natural fermentation process for 7 days at 29 + 1°C.
Thereafter, the microbiota profile of the fermented samples was determined using
standard procedures. One-tenth dilution of the sample was prepared by
homogenizing 10 g of the sample in 90 mL of sterile buffered peptone water. The
homogenate was ten-fold serially diluted using same diluent. Appropriate dilution
was pour-plated on Nutrient Agar (NA), MRS Agar (MRSA), and Yeast and Mould
Agar (YMA) supplemented with 100 mg/L chloramphenicol (Oxoid, Basingstoke
Hampshire, UK). NA and MRSA plates were incubated at 37 °C while YMA plates
were incubated at 29 °C. Distinct colonies were streaked on the medium of isolation
twice to obtain pure cultures. Pure cultures were maintained on agar slants at 4 °C
for further characterization studies. Characterization of bacterial isolates was done
using morphological, cultural and biochemical characteristics as described by
Barrow and Feltham (2003) while fungal isolates were characterized using
morphological, cultural, and physiological characteristics as described by Ebabhi et
al. (2013).

Rhizopus oligosporus and Aspergillus niger were subculture on malt extract agar
(Difco, Michigan, USA) and grown for 72 h at 28 °C. A hundred milliliters (100 mL)
of sterile distilled water and 10 drops of Tween 20 were put in a beaker and stirred
together using a magnetic stirrer SB 162 (Stuart, Staffordshire, UK). Ten milliliters
of the resulting solution were put on a fungal plate and the spores were scraped using
a sterile spatula. The spore solution was placed in a beaker and stirred for 10 min.
The mixture was filtered using sterile cheesecloth and the spores were counted by
using a Neubauer counting chamber.

One hundred grams of cassava waste pulp was put into a conical flask and sterilized
at 121 °C for 15 min in an autoclave LS-50HJ (Wincom, Hunan, China). After
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cooling to room temperature, 1 mL of the fungal spore suspension with a
concentration of 4.0 X 10° spores/mL was inoculated, mixed and fermented for 7
days at 28°C. After fermentation, all samples were dried in an oven at 55°C for 24
h and were immediately analyzed.

Sample analyses

The cyanide content of the samples was determined by modified silver nitrate
titration method described by Moriasi et al. (2017). Phytate content of the fermented
CWP was determined using anion exchange method as described by Ma et al. (2005).
Tannins contents of the samples were determined according to the method developed
by Burns (1971). The pH of the samples was determined following the method
described by Ogiehor and Ikenebomeh (2005). The protein (N x 6.25) and ash
content of fermented CWP were determined by AOAC (1990) methods. The mineral
(Fe, P, K and Ca) analysis of the fermented CWP was carried out using Atomic
Absorption Spectrophotometer (Analytikjena AG, Germany) according to the
method of Hernandez et al. (2004).

Statistical Analysis

Data obtained were expressed as means + standard deviation. Analysis of variance
was carried out on the data obtained to determine the significance of differences. A
two-tailed P value of less than 0.05 was considered to be statistically significant.
Values that were significantly different were separated using the Duncan Multiple
Range test using SPSS for Windows Version 17.0 statistical package.

Results and discussion

A total of six bacterial species were isolated from naturally fermented cassava waste
pulp (NCWP) and were identified as Bacillus subtilis, B. coagulans, B. cereus,
Lactobacillus plantarum, L. brevis, and Pseudomonas spp. The five species of fungi
isolated and identified from NCWP were Geotrichum candidum, Saccharomyces
pombe, Candida tropicalis, Rhodotorula spp, and Rhizopus spp. The microflora
associated with the detoxification of cyanogenic glycosides during
spontaneous/natural fermentation of cassava products includes yeast, molds, lactic
acid bacteria, and some Bacillus species (Lei et al., 1999). The taxonomic
characterization based on morphological, physiological and biochemical data
indicated the presence of Rhodotorula glutinis (Fresenius) F. C. Harrison var.
glutinis - a linamarin degrading yeast in cassava wastewater treatment lagoons
(Vasconcellos et al., 2009). The previous characterization of yeasts ecology of
fermented cassava products have documented the presence of different species of the
following genera: Saccharomyces, Candida, Hansenula, Penicillium, Geotrichum,
Rhodotorula, Pichia and Zygosaccharomyces (Amoa-Awua et al., 1997; Oyewole,
2001; Coulin et al., 2006; Schwan et al., 2007). In another development,
Galactomyces spp. was reported to be one of the yeasts involved in the fermentation
of sour cassava starch (Lacerda et al., 2005).

The antinutrient contents of the unfermented and fermented CWP processed by
different methods are shown in Table 1. The cyanide content (mg HCN/kg) of
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unfermented CWP obtained from B cassava variety (56.75 - 58.12) was significantly
higher (p<0.05) than those obtained from S variety (40.16 - 42.86). However, the
method employed for the peeling process did not have a significant effect (p>0.05)
on the cyanide content of CWP obtained from the two cassava variety. The cyanide
content in the parenchyma of cassava tuber, from which CWP was obtained, is
known to range from 10 to 500 mg HCN/kg (Siritunga and Sayre, 2003) while Oboh
(2006) reported a cyanide level of 44.6 mg HCN/Kg in unfermented cassava peel.
The cyanide content of the unfermented CWP produced from both bitter and sweet
cassava varieties in the present study is within the reported range. The fact that there
was no significant difference in the cyanide content of CWP obtained by the two
peeling methods is possibly indicating that an insignificant amount of cyanide
resides in the bark of cassava tuber. This can be linked with the submission of
Heuberger (2005) which demonstrated that the cyanide radial-gradient exists in
cassava root. This author reported cyanide content of 37, 135 and 282 mg HCN/kg
fresh weight of cassava root pith, parenchyma and cortex respectively. Similarly,
Moriasi et al. (2017) reported a gradual decrease in cyanide concentration from the
cortex through to the pith.

Fermentation reduced the cyanide content of the fermented CWP. In this regard, the
percentage reduction range in cyanide content for Rhizopus oligosporus fermented
cassava waste pulp (RCWP), Aspergillus niger fermented cassava waste pulp
(ACWP), and naturally fermented cassava waste pulp (NCWP) were 86.24 — 91.95,
79.68 — 84.34, and 72.96 — 78.58 respectively. However, there was a significant
(p<0.05) varietal influence on the cyanide content of fermented CWP while peeling
methods had no significant effect on its cyanide content. Many different processing
methods such as boiling, baking, steaming, frying, soaking, grating, drying, and
fermentation are used for the reduction of cyanide content of cassava roots
(Montagnac et al., 2009). Nambisan and Sundaresan (1985) demonstrated that
boiling 2 -g and 50 -g of cassava root for 30 min resulted in a 75% and 25% reduction
in cyanide content, respectively. Similarly, cyanogen retention was reduced from
70% to 24% by increasing the volume of water from 1- to 5-fold. In a related
development, Kasaye et al. (2018) reported a 100% cyanide reduction in cassava
flour produced by a combination of soaking and fermentation for 24 h.

The cyanide reduction observed in the present study compares favorably with
previous results. The present results indicate that controlled fermentation brought
about the highest cyanide reduction in comparison with natural fermentation. Also,
each starter culture differed in their abilities to reduce the cyanide content. In a
related development, Ahaotu et al. (2011) had reported different linamarase
activities for different starter microorganisms used for protein improvement in gari.
Similarly, Oboh and Oladunmoye (2007) reported differences in the abilities of
Rhizopus oryzae and Saccharomyces cerevisae to reduce the cyanide content of
micro-fungi fermented cassava flour. The significant cassava varietal influence on
the cyanide content of fermented CWP observed in the present study is similar to the
report of Oboh and Oladunmoye (2007) on low and medium-cyanide cassava
varieties that were fermented for the production of cassava flour. The relatively
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lower cyanide reduction observed in the fermentation of CWP obtained from cassava
bitter variety might be attributed to the high cyanide content of bitter variety which
could have slightly inhibited the growth and metabolism of the fermenting
microorganisms.

Table 1. Antinutrient composition of fermented cassava waste pulp obtained through
different processing methods.

Cassava Variety
(Sweet variety)

TME 419

Antinutrient  Fermentation Bark and cortex Only bark of tuber
method of tuber removed removed
UCWP 40.16 £1.23? 42.86 £2.13?
Cyanide NCWP 10.86 +0.63" (72.96) 10.67 +0.2° (75.10)
(mgHCN/kg) RCWP 3.62£0.13° (90.99) 3.45£0.15¢ (91.95)
ACWP 8.16 +0.21° (79.68) 8.11+0.33" (81.08)
Phytate UCWP 1169.75+3.242 1158.42 £5.272
(mg/100g) NCWP 742.80+2.03° (36.50) 705.13+2.13 (39.13)
RCWP 336.85+5.28¢ (71.20) 334.25+3.03°¢ (71.15)
ACWP 710.46+1.14° (39.26) 709.20+1.88 (38.77)
Tannin UCWP 389.10+1.63? 390.81 +0.992
(mg/100g) NCWP 292.40+4.21° (24.85) 288.79+1.23" (26.10)
RCWP 388.78+1.54* (0.08)  390.10+1.04% (0.18)
ACWP 388.52+2.43* (0.15)  388.70+0.86* (0.54)
TMS 92/0067  (Bitter variety)
UCWP 56.75+1.13% 58.12+2.03%
Cyanide NCWP 12.69+0.27° (77.64)  12.45+0.73" (78.58)
(mgHCN/kg) RCWP 7.81+0.21° (86.24) 7.92+0.23° (86.37)
ACWP 8.92+0.13° (84.28) 9.10+0.12° (84.34)
Phytate UCWP 1024.99+6.282 1043.72+2.432
(mg/100g) NCWP 654.33+3.43¢ (36.16) 622.91+3.23° (40.32)
RCWP 422.10+6.03¢ (58.82) 421.66+4.03¢ (59.60)
ACWP 717.70+2.13° (29.98) 715.56+5.63" (31.44)
Tannin UCWP 298.22 +1.03? 299.07 £1.03?
(mg/100g) NCWP 297.00 £0.83% (0.41) 284.22 +1.23" (4.97)
RCWP 298.12+2.032  (0.03) 299.04 £0.93* (0.01)
ACWP 296.11+1.53%  (0.71) 297.79 +1.16* (0.43)

Values are means * standard deviation (n=3). Values in bracket are percentage reduction of the
respective antinutrient content. For each antinutrient, values in the same column with different
superscripts are significantly different (p<0.05). UCWP = unfermented Cassava waste pulp. NCWP =
naturally fermented Cassava waste pulp. RCWP = Rhizopus oligosporus fermented Cassava waste pulp.
ACWP = Aspergillus niger fermented Cassava waste pulp.

The range of phytate content (mg/100 g) for unfermented cassava waste pulp
obtained from S and B varieties were 1158.42 — 1169.75 and 1024.99 — 1043.72
respectively. Oboh (2006) had reported a phytate content of 1043.6 mg/100 g in
unfermented cassava peel. Both natural and starter culture fermentation significantly
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reduced the phytate contents to 334.25 — 742.80 and 421.66 — 717.70 respectively.
Consequently, 36.16 — 40.32, 58.82 — 71.20 and 29.98 — 39.26 percentage reduction
were observed in NCWP, RCWP and ACWP respectively. Cassava variety used had
a significant (p<0.05) influence on the phytate content of fermented CWP while the
peeling method employed had no significant effect (p>0.05) on the phytate content.

The phytate content of fermented CWP obtained in the present study is similar to
those reported by Kasaye et al. (2018) (416.8 — 809.48), Oboh and Oladunmoye
(2007) (112.8 — 282.1), Oboh (2006) (705.1 — 789.7) for fermented cassava flour and
peels. Phytate (inositol hexakisphosphate) is a regulator of intracellular signaling and
a form of phosphate storage in plant seeds, but it can bind proteins and minerals in
the gastrointestinal tract preventing absorption and utilization by the body
(Montagnac et al., 2009). Phytates are known to interfere with the absorption of
divalent metals, such as iron and zinc, which are essential nutrients. Marfo et al.
(1990) and Kasaye et al. (2018) reported that fermentation of cassava could bring
about 85.6 and 48.5 % reduction in phytate content respectively. The % phytate
reduction observed in the present study is similar to these earlier reports. The results
of the present study are also indicating that starter culture fermentation, especially
that mediated by Rhizopus oligosporus has a comparative advantage over natural
fermentation. This is possibly indicating that the usual practice of feeding livestock
with naturally fermented cassava waste by smallholder farmers might constitute a
nutritional and health risk to such livestock as the elevated level of phytate in such
feed might reduce the bioavailability of some essential nutrients such as Fe and Zinc.

The tannin content (mg/100 g) of unfermented cassava waste pulp obtained from S
variety (389.10 - 390.81) was significantly higher (p<0.05) than those (298.22 -
299.07) obtained from B variety as the peeling method did not significantly (p>0.05)
influence the tannin content. The tanning content of the unfermented CWP in the
present study compares favorably with that reported by Oboh and Oladunmoye
(2007). Starter culture fermentation which employed both Rhizopus oligosporus and
Aspergillus niger had no significant (p>0.05) reduction effect on the tannin content
of the fermented CWP. However, natural fermentation brought about a percentage
reduction of 0.41 — 26.10 in the tannin content of fermented CWP. Oboh and
Oladunmoye (2007) reported a tannin content of 0.4% (400 mg/100 g) in both low
and medium cyanide unfermented cassava flour. According to these authors, the
tannin level significantly dropped to 0.1 - 0 .2% (100 — 200 mg/100 g) after
fermentation. In a related development, the range of tannin content of the fermented
CWP in the present study was 0.284 — 0.390 % ( 284 — 390 mg/100 g). Though both
controlled and natural fermentation did not possess the capacity to significantly
detoxify tannin in CWP; yet the fermented CWP will not constitute a nutritional and
health risk to livestock at < 1 % concentration observed in the present study. This
become more plausible as Yacout (2016) had stated that tannins have many known
advantages on animal health at lower concentration but only reduce nutrient
utilization at concentration higher than 7 %.

Figure 1 shows the pH of the unfermented and fermented CWP processed by
different methods. The pH of unfermented cassava waste pulp ranged between 5.61
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and 6.60. This is comparable to 6.48 and 6.69 reported by Kasaye et al. (2018) for
unfermented cassava flour and yam flour respectively. The pH of unfermented CWP
obtained by the removal of both cortex and bark (6.21 — 6.60) was significantly
higher (p<0.05) than those obtained from the removal of the bark only (5.61 — 5.80).
This is suggesting that the cortex likely contained acidic compounds or compounds
that turned acidic sequel to processing steps such as grating. Cyanogenic glycoside
and its hydrolytic enzymes- linamarase are differentially compartmentalized in plant
tissues. The former is vacuole bound while the latter is a cell wall and/or laticifer-
localized B-glucosidase (Gruhnert et al., 1994; Enneking and Wink, 2000). Tissue
disruption steps such as grating, pounding, and maceration causes linamarin and
linamarase to be decompartmentalized and come in contact, thus resulting in the
hydrolysis of the former to glucose and cyanohydrin, which subsequently degrades
to acetone and hydrogen cyanide (Duodu and Apea-Bah, 2017). Heuberger (2005)
had previously reported that the cassava root cortex contains the highest amount of
cyanogenic glycosides. The hydrolysis of these cyanogens in the cortex to
cyanohydrin and its subsequent degradation to hydrogen cyanide, sequel to grating,
might be responsible for the significantly lower pH observed in the unfermented
CWP obtained from the removal of the bark only.

9 -
8 .
7 .
6 - I I I
o5 I = UCWP
4 - m NCWP
3 RCWP
2 1 = ACWP
1 .
0

S- S+ B- B+
Cassava variety

Figure 1. pH values of fermented cassava waste pulp obtained through different processing
methods. UCWP = unfermented Cassava waste pulp, NCWP= naturally fermented Cassava
waste pulp, RCWP = Rhizopus oligosporus fermented Cassava waste pulp, ACWP=
Aspergillus niger fermented Cassava waste pulp. S- = Sweet variety with both bark and
cortex of the tuber removed. S+= Sweet variety with bark of the tuber only removed. B- =
Bitter variety with both bark and cortex of the tuber removed. B+= Bitter variety with bark
of the tuber only removed.

The pH range of NCWP, RCWP, and ACWP was 7.20 — 7.50, 5.41 — 6.40, and 3.83
— 4.21 respectively. However, Kasaye et al. (2018) reported the pH values of 3.37
and 3.54 for fermented cassava flour and yam flour respectively. The pH of the
naturally fermented CWP was in the slightly alkaline range while those fermented



Kolapo et al. / AUDJG — Food Technology (2021), 45(1), 52-68 61

using starter cultures R. oligosporus and A. niger are in the acidic range. Most
bacteria, except for acid bacteria, grow best between pH 5.5 and 7.0 and do not thrive
in acidic environment (Kwon et al., 2014). However, yeasts and molds predominate
in low pH foods where bacteria cannot compete (Aggie Horticulture, 2021).
Microflora associated with detoxification of cyanogenic glycosides during
spontaneous/natural fermentation of cassava products includes yeast, molds, lactic
acid bacteria, and some Bacillus species (Lei et al., 1999).

In the present study, controlled fermentation using the molds - R. oligosporus and A.
niger resulted in the products with pH range of 3.83 — 6.40. The slightly alkaline pH
of naturally fermented CWP is possibly a reflection of the involvement of bacteria
in addition to fungi such as yeasts and molds.

Table 2 shows the protein and ash contents of the unfermented and fermented CWP
processed by different methods.

Table 2. Protein and ash content of fermented cassava waste pulp obtained through different
processing methods.

Cassava variety

TME 419  (Sweet variety)

Parameter Fermentation Bark and cortex Only bark of tuber
method of tuber removed removed

Protein UCWP 3.48+0.97 ¢ 3.52+0.474

(%) NCWP 16.51+1.03°¢ (374) 16.7240.83°¢ (375)
RCWP 28.82+0.03 2 (728) 28.45+0.442 (708)
ACWP 22.34+0.34" (542) 22.11+0.24°(528)

Ash UCWP 0.82+0.134 0.88+0.09°¢

(%) NCWP 7.91+0.04 # (865) 7.16+0.092 (714)
RCWP 6.84+0.03° (734) 6.81+0.032 (674)
ACWP 5.42+0.05° (561) 5.48+0.05° (523)

TMS 92/0067  (Bitter variety)

Protein UCWP 3.3620.16¢ 3.42+0.23¢

(%) NCWP 15.48+0.23° (361) 15.26+0.10°¢ (346)
RCWP 26.58+0.192 (691) 26.36+0.322 (671)
ACWP 20.44+0.21° (508) 20.86+0.10° (510)

Ash UCWP 0.88+0.06°¢ 0.91+0.11°¢

(%) NCWP 7.18+0.032 (716) 7.21+0.042 (692)
RCWP 6.78+0.042 (670) 6.72+0.082 (638)
ACWP 5.52+0.01° (527) 5.63+0.14° (519)

Values are means + standard deviation (n=3); Values in bracket are percentage increase of the
respective nutrient content. For each parameter, values in the same column with different superscripts
are significantly different (p< 0.05). UCWP= unfermented Cassava waste pulp, NCWP= naturally
fermented Cassava waste pulp. RCWP= Rhizopus oligosporus fermented Cassava waste pulp. ACWP=
Aspergillus niger fermented Cassava waste pulp.

The protein content (%) of unfermented CWP ranged between 3.36 and 3.52 with
cassava variety and peeling methods having no significant effect (p> 0.05) on these
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values. After fermentation, the protein content was greatly enriched. The range of
protein content for NCWP, RCWP, and ACWP was 15.26 — 16.72, 26.36 — 28.82,
and 20.44 — 22.34 respectively. In this regard, R. oligosporus fermentation brought
about a 671 — 728 % increase in the protein content of the fermented CWP. The least
protein enrichment of 346 — 375 % was mediated by natural fermentation. Both
cassava variety and peeling method used for generating CWP had no significant
effect (p> 0.05) on the protein content of the fermented CWP. Earlier studies on
solid-state fermentation of cassava pulp and cassava peels using Aspergillus niger
and Saccharomyces cerevisiae increased the protein content to 7.91 —9.04 and 14.14
— 16.74 % respectively (lyayi and Losel, 2001). Using R. oryzae and S. cerevisiae,
Oboh and Oladunmoye (2007) reported protein content of 8.8 — 12.6 % in fermented
cassava flour as Kolapo and Sanni (2009) documented a protein content of 1.0 — 1.5
% in naturally fermented gari. Natural and starter culture fermentation of cassava
peel using S. cerevisiae and Lactobacillus spp. have been reported to increase the
protein content to 11.1 and 21.5% respectively (Oboh,2006).

The ash content (%) of unfermented CWP ranged between 0.82 and 0.91 with
cassava variety and peeling methods having no significant effect (p> 0.05) on these
values. Fermentation resulted to increase in the ash content of fermented CWP. Out
of the three modes of fermentation, natural fermentation resulted in the highest ash
increment while cassava variety and peeling methods had no significant effect (p>
0.05) on the ash content of fermented CWP. Oboh (2006) reported the ash content
of 6.0 and 7.2 % for natural and inoculated fermented cassava peel as Asaolu et al.
(2012) reported a value of 4.9 %. Similarly, Mutayoba et al. (2012) reported an ash
content range of 4.3 — 6.9 % for stored frozen, dried, and ground cassava peel.

The mineral (Fe, P, K, and Ca) composition (mg/100g) of both the unfermented and
fermented CWP is shown in Table 3. The Fe, P, K, and Ca content of the unfermented
CWP were 0.271 - 0.281, 25.812 — 27.011, 245.101 — 255.341, and 15.131 — 19.480
respectively. Fermentation resulted in non-significant (p> 0.05) changes in the Fe
content of the fermented CWP. Both P and K contents of the fermented CWP
decreased significantly (p<0.05) following fermentation. However, the Ca contents
of the fermented CWP increased significantly (p < 0.05) following fermentation. In
this regard, A. niger brought about the highest % increase (59.71 — 98.87) and natural
fermentation the least (5.68 - 26.89). It appears that the highest % increase was
observed in the CWP obtained by the removal of the bark only.

Mutayoba et al. (2012) reported Fe content (mg/100 g) of 44 — 66 for stored frozen,
dried, and ground cassava peel while Heuze (2012) a value of 6 for fresh
unfermented pomace (cassava waste pulp). Potassium has been reported to be
present at the levels of 0.01, 0.05 — 0.06, and 1.25 — 1.52 in fresh unfermented
pomace, unfermented and fermented peels, and stored frozen dried and ground
cassava peel respectively (Oboh, 2006; Heuze, 2012; Mutayoba et al., 2012). In
another development, Ca content (mg/100g) of 0.03, 0.56, 0.69 — 1.25 and 1.33 are
present in unfermented and fermented peels, fresh unfermented pomace, stored,
frozen dried and ground cassava peel, cassava peel meal respectively (Oboh, 2006;
Heuze, 2012; Mutayoba et al., 2012).
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Table 3. Mineral composition (mg/100g) of fermented cassava waste pulp obtained through
different processing methods.

Cassava Variety

TME 419 (Sweet variety)
Mineral Fermentation Bark and cortex of Only bark of tuber
method tuber removed removed
UCWP 0.275+0.0212 0.271+0.0312
Iron NCWP 0.292+0.021° (+ 6.18) 0.294+0.0112 (+ 8.49)
RCWP 0.210+0.012* (- 23.64)  0.211+0.009% (- 22.14)
ACWP 0.258+0.011* (- 6.18) 0.264+0.014* (-2.58)
Phosphorus UCWP 25.812+0.011° 26.116+0.012°
NCWP 25.216+0.0912 (-2.31) 25.413+0.009? (- 2.69)
RCWP 20.819+0.004¢ (- 19.34) 21.617+0.012° (- 17.23)
ACWP 22.724+0.009° (- 11.96) 22.921+0.010° (-12.23)
Potassium UCWP 255.341+0.110? 255.101+0.1122
NCWP 212.301+0.102°¢ (-16.86) 211.617+0.101° (-17.05)
RCWP 207.901+0.091¢ (-18.57) 206.331+0.116° (-19.12)
ACWP 245.112+0.107° (-4.01)  200.671+0.009¢ (-21.34)
Calcium UCWP 19.480+0.041° 19.311+0.009°
NCWP 20.586+0.091¢ (+5.68)  20.637+0.071°¢ (+6.87)
RCWP 29.212+0.100% (+49.96) 29.536+0.008" (+52.95)
ACWP 31.111+0.009% (+59.71) 32.421+0.009% (+67.89)
TMS 92/0067  (Bitter variety)
UCWP 0.277+0.014° 0.281+0.061°
Iron NCWP 0.317+£0.0162 (+ 14.44)  0.304+0.011% (+8.18)
RCWP 0.316+0.014% (+14.08)  0.312+0.0162 (+11.03)
ACWP 0.276+0.015" (-0.36) 0.268+0.018" (-4.63)
Phosphorus UCWP 26.712+0.010? 27.011+0.011°
NCWP 24.304+0.004° (-9.01)  25.934+0.009° (-3.99)
RCWP 22.082+0.001¢ (-17.33)  22.871+0.008° (-15.33)
ACWP 23.415+0.003° (-12.34)  23.634+0.011° (-12.50)
Potassium UCWP 245.101+0.1512 247.310+0.1212
NCWP 204.314+0.110°¢ (-16.64) 216.114+0.138° (-12.61)
RCWP 211.671+0.162° (-13.64) 204.967+0.115¢ (-17.12)
ACWP 206.106+0.101°¢ (-15.19) 200.345+0.101° (-18.99)
Calcium UCWP 15.511+0.008¢ 15.131+0.019¢
NCWP 18.411+0.021°¢ (+18.70) 19.200+0.031° (+26.89)
RCWP 26.436+0.042° (+70.43) 24.760+0.023° (+63.64)
ACWP 30.154+0.089% (+ 94.40) 30.091+0.051* (+98.87)

Values are means + standard deviation (n=3); Values in bracket are percentage change of the respective
mineral content (negative and positive value indicate reduction and increase respectively). For each
mineral, values in the same column with different superscripts are significantly different ( p< 0.05).

UCWP= unfermented Cassava waste pulp, NCWP= naturally fermented Cassava waste pulp, RCWP=
Rhizopus oligosporus fermented Cassava waste pulp, ACWP= Aspergillus niger fermented Cassava

waste pulp.
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The decrease in both the P and K content of fermented CWP might be consequent
upon their uptake for metabolic activities of the microorganisms that mediated the
fermentation process. Calcium pumps are a group of ion transporters found in
the cell membranes. They play a significant role in the active transport of calcium
out of the cell for the maintenance of the Ca?* electrochemical gradient across the
cell membrane. They are known to be playing a crucial role in proper cell signaling
by keeping the intracellular calcium concentration roughly 10,000 times lower than
the extracellular concentration (Carafoli, 1991). This physiological process might be
responsible for the elevation of Ca content of fermented CWP obtained through
natural and starter culture fermentation. The Ca enrichment of the fermented CWP
observed in the present study is similar to a 2.4-fold increase in calcium content of
Moringa leaves (MOL) which were fermented by the mixture of Lactobacillus
reuteri, Lactobacillus acidophilus, and Candida utilis (Dai et al., 2020). These
authors reported that feeding such fermented MOL to calcium-deficient rats
increased calcium bioavailability of MOL, promote the growth and development of
calcium-deficient rats, bone calcium deposition, and bone growth; enhance bone
strength; reduce bone resorption; and prevent calcium deficiency.

Okafor and Nwabuko (2003) reported that the mean cyanide content of cyanogenic
plant materials used in feed formulation in Umuahia, Nigeria, ranged from 85.60 to
888.10 mg/kg. These authors further stated that based on the experience from
European Community countries; a level of cyanogen below 50mg HCN
equivalent/kg was suggested as the target for cassava-based livestock rations. In
another development, Viveros et al. (2000) reported that the range of phytate
contents (%) in cereal, legumes, oilseeds, and cereal by-products used as feed
ingredients were 0.17 — 0.23, 0.08 — 0.33, 0.34 — 0.76, and 0.68 — 0.88 respectively.
The anti-diarrhea, anti-bacterial, anti-oxidant, free-radical scavenging, and anti-
proliferative activity in liver cells are the known advantages of tannins on animal
health, however at concentration higher than 7%, they usually reduce nutrient
utilization (Yacout, 2016). In consideration of detoxification, protein, and calcium
enrichment observed in the fermented CWP (especially RCWP) in the present study,
it is not in doubt that this fermented cassava residue has the potential replacement
value for conventional materials that are commonly used as ingredients in livestock
rations.

Various studies have documented the replacement value of processed cassava root/
peels as an energy ingredient when paired with appropriate nitrogen sources,
substituting for maize at up to ~40% of total diets in cattle, 20 to 50% in small
herbivores (goats, sheep, rabbits), and up to 100% in swine diets, 10 to 40% in
various poultry diets, and 15-30 to >60% in aquaculture diets (depending on
species/age) (Lukuyu et al., 2014). Given the level of detoxification obtained for
cyanide and phytate contents, and enrichment obtained for protein, ash, and Ca
contents in the present study, fermented CWP obtained using R. oligosporus and A.
niger could be further subjected to animal feeding investigation to determine whether
it could demonstrate replacement value for maize in livestock and aquaculture
feeding programs.
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Conclusions

Results from the present study are indicating that the fermentation of CWP by using
R. oligosporus and A. niger offers greater benefit over natural fermentation,
especially with respect to cyanide and phytate detoxication, and protein and calcium
enrichment. Also, data from the study suggest that the cassava variety and not
peeling methods often used during cassava starch processing will determine the
extent of detoxification and nutrient enrichment observed in the fermented CWP.
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