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Abstract

The study was carried out to evaluate the nutritional, in vitro gas production and fermentation
characteristics of Pleurotus tuber-regium degraded cassava root sievate (PTRCRS) based diets for
goats. Four experimental diets (T,, T,, T3, and T,) were formulated with 0, 20, 40 and 60% inclusion
levels of PTRCRS in a completely randomized design. The diets were analyzed for chemical, mineral
and anti-nutritional factors. The diets were incubated (0-24 h) in three replicates and incubations run
at two consecutive times to make six replicates per treatment for estimation of the in vitro gas
production and fermentation characteristics. Crude protein and ash were significantly (p<0.05) high
in T; and T,4. Nitrogen free extract was significantly (p<0.05) higher in T, in comparison with T; and
T4. Neutral detergent fibre and acid detergent fibre showed significant (p<0.05) lower values with
increasing levels of PTRCRS. The mineral compositions were not significantly (p>0.05) affected by the
biodegradation. Hydrogen cyanide, oxalate and saponins levels were significantly (p<0.05) reduced in
T,4. In vitro gas production volumes were significantly (p<0.05) higher for T; and T, at 6 and 24 h
incubation time. Methane was significantly (p<0.05) reduced with increased levels of PTRCRS in the
diets. In vitro gas production, short chain fatty acid, metabolizable energy and organic matter
digestibility were higher (p<0.05) in T,, Tz and T, groups compared to the control (T;) group. It was
therefore concluded that biodegradation of cassava root sievate with Pleurotus tuber-regium enhanced
its nutritive value, in vitro gas production and fermentation characteristics.

Keywords: Cassava root sievate, agro by-products, feed enhancement, biodegradation, in
vitro digestibility, white rot fungi

Description of Problem

Ruminants in Nigeria are
undernourished, particularly during the dry
seasons, due to inadequate fodder and poor
nutritional value of available agricultural by-
products to meet nutritional needs of
ruminants. . Nigeria produces a large amount

of cassava root sievate each year. Cassava
root sievate has become a valuable agro by-
product in Nigeria, obtained from local
cassava root processing for fufu. Cassava
root sievate is a source of energy in the
ruminant feeding system, and can be used as
a main diet or as a supplement (1). Cassava
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root sievate is characterized by high lignin
content, which can block hydrolytic enzymes
from  reaching the cellulose and
hemicellulose and thus limits rumen
degradation by the rumen microbes. Pre-
treatments are being tested in feed
technology to improve the digestibility or
feeding value of the complete product so that
it may be fed efficiently to ruminants. (2)
found that the lignocellulose potential of the
cellulose is encrusted by lignin within the
lignocellulose matrix. They believe that a
combination of solid-state fermentation
(SSF) technology and the capacity of an
appropriate fungus to selectively degrade
lignin  will allow lignocellulose-based
biotechnologies to be implemented on an
industrial scale. The amount of lignin in
lignocellulosic (fibrous crop residues) is
known to affect digestibility. Physical,
chemical, and biological methods of
delignification can be employed to improve
the digestibility of lignocellulosics (3).
White-rot fungi, such as Pleurotus tuber-
regium, can degrade fibrous crop residues
and other agro by-products, thereby
increasing the digestibility and nutritional
value of lignocellulose. White rot fungi are
able to bio-convert a wide variety of
lignocellulosic materials due to the secretion
of extra- cellular enzymes (4). Pleurotus
species have been demonstrated to be more
efficient than other edible white-rot fungi (5)
in bioconversion of lignocellulosic materials.
Pleurotus fungi have been shown to remove
indigestible cell wall components and boost
the dry mater digestibility (DMD) of straw
(6). Recent reports (7; 8; 9), have shown that
the bio-converted materials have higher
feeding values than non-bio converted and
can be used as ruminant feed supplement.

In order to determine the nutritional
value of supplements, in vivo approaches
should be preferably used. In vivo feed
evaluation, on the other hand, is widely

acknowledged to be time-consuming,
difficult, expensive, and requires significant
amount of feed, making it unsuitable for
large-scale feed evaluation. As a result, in
vitro procedures such as incubating diets
with rumen microbes or using a gas method
to estimate what would happen in vivo are
often used. The in vitro gas production
technique, as revised by (10), is commonly
used to assess the nutritional values of feed
ingested by ruminants. The in vitro gas
method is based on measured connections
between feed in vitro digestibility and in
vitro gas production, as well as the chemical
content of the feed (10). The main objective
of the study was to evaluate the nutritional,
in vitro gas production and fermentation
characteristics of Pleurotus tuber-regium
degraded cassava root sievate based diets for
goats

Materials and Methods
Experimental site

The experiment was conducted at the
Department of Animal Science Laboratory,
University of Benin, Edo State, Nigeria. The
lab lies between latitude 6.50” N of the
equator and longitude 5.40 and 6E of
Greenwich meridian, with mean annual
temperature of 33.54°C. The area has an
average annual rainfall and relative humidity
of 2000mm and 72.5% respectively.

Processing of experimental feed

The cassava root sievate (CRS) from
TME419 variety were sourced from Akawa,
Nneato, Umunneochi L. G. A. Abia State,
Nigeria. The cassava root sievate is a by-
product of cassava root. They were gotten
after the cassava roots meant for fufu
production are peeled or not, washed clean
and soaked in clean water for 3-5 days to
ferment so as to reduce the hydrogen cyanide
level and also to soften the roots prior to
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sieving. Thereafter, the soaked cassava roots
were sieved, the sievates (wastes) collected
and sundried for about 7 days to reduce the
moisture contents to about 10 - 15% and
possible anti-nutrients that were not removed
during the retting process. The sundried
cassava root sievate were coarsely milled
using a blur mill to reduce the particle sizes
and to create a greater surface area for
microbial activity.

The inoculation was conducted at the
Tissue Culture Laboratory of National Root
Crops Research Institute, Umudike, Abia
State. The inoculation room was thoroughly
swept, washed and disinfected using Izal in
water at the rate of one litre 1zal to four litres
of water. The floor was mopped free of
water and the doors, allowed to dry and
locked up for two weeks to kill any surviving
contaminant. Thereafter, the milled cassava
root sievate were wetted with water at the
rate of 1.0 kg sievate to 1.0 litre of water and
thoroughly mixed to enable complete
wetting of the cassava root sievate. The
tubers of Pleurotus tuber-regium (PTR) were
weighed, washed, dissected to smaller bits
and soaked in water for two hours after

which they were removed and put in white
transparent buckets and covered for three
days to enable spore formation of the tubers.
Spores of PTR were inoculated into a wetted
CSR at the rate of 1.0 kg spores to 3.0 kg
CRS. The ends of the polyethene sheets were
brought together and sealed using masking
tape to create an airtight environment. Water
was poured on the room floor and some left
in buckets after which doors of the
inoculation room were closed. After 45 days,
the mass of composted CRS now colonized
by mycelium of the fungi showing whitish
growths were taken out of the inoculation
trays from the inoculation room and sun
dried by spreading them thinly on a drying
surface to terminate growth of the fungi and
to dry the material. The materials were put in
sacks and stored until required for use.

The experimental diets designated as
T,, Ty, T3, T, were formulated from non-
biodegraded cassava root sievate, brewers
dried grain, palm kernel meal, soyabean
meal, bone meal, salt and premix to contain
0, 20, 40 and 60% biodegraded cassava root
sievate (Table 1).

Table 1. Gross composition of Pleurotus Tuber-regium degraded cassava root sievate based

diets

Ingredients (%) T T: Ts Ta
Non-Biodegraded cassava root sievate 60.0 40.0 20.0 0.0
Biodegraded cassava root sievate 0.0 20.0 40.0 60.0
Brewers dried grain 15.0 15.0 15.0 15.0
Palm kernel meal 14.0 14.0 14.0 14.0
Soya bean meal 7.0 7.0 7.0 7.0
Bone meal 3.0 3.0 3.0 3.0
Salt 0.5 05 0.5 05
Premix* 0.5 05 0.5 05
Total 100 100 100 100

Vitamin and mineral premix contributed the following to each kilogram of diet: vitamin A 500 IU,
vitamin D 1500 1U, vitamin E 3 1U, vitamin K 2 mg, riboflavin 3 mg, pantothenic acid 6 mg, niacin 15
mg, vitamin B12 0.8 mg, choline 3 mg, folic acid 4 mg, manganese 8 mg, zinc 0.5g, iodine 1.0 mg, Co

1.2 mg.
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In vitro gas production method

In-vitro gas production of biodegraded
and non-biodegraded cassava root sievate
meals were done by collecting rumen fluid
from five WAD goats through a suction tube
after the goats were fed for 14 days with
Pleurotus tuber-regium degraded cassava
root sievate based diets. The rumen liquor
was collected between 07:00 — 08:00 hr
before feeding the WAD goats into thermos
flask.

Preparation of the buffer solution and
rumen liquor-buffer solution: The buffer
solution prepared was McDougall’s solution
(g/litre) which consisted of 9.8 NaHCO; +
2.77 g NaHPO4 + 0.57g KCI + 0.47g NaCl +
2.16 MgS0Os. 7H,0 + 16 CaCl,. 2H,0 (1:4
v/v) under continuous flushing with CO, (to
minimize changes in microbial population
and to avoid O, contamination) was added
using another 50 ml plastic calibrated
syringe. The rumen liquor and buffer
solution were mixed at the ratio of 1:4 (v/v)
for the incubation.

The incubation was carried out
according to (10); using 240 ml calibrated
transparent plastic syringes with fitted
silicon tube. The sample weighing 200 mg
was carefully dropped into syringes and,
thereafter, 30 ml each of the inoculum
containing cheesecloth strained rumen liquor
and buffer solution was added. The syringe
was trapped and pushed upward by the
piston in order to completely eliminate air in
the inoculum. The silicon tube fitted to the
syringe was tightened by a metal clip to
prevent escape of gas. Incubation was
carried out at 39+1°C and the volume of gas
production was measured at 3, 6, 9, 12, 15,
18, 21 and 24 hrs.

At the end of 24 hours of incubation, 4
ml of NaOH (10 M) was introduced to
estimate the amount of methane produced
according to the methods described by (11),
Metabolizable energy (ME), organic matter

digestibility (OMD), dry matter digestibility
(DMD) and short chain fatty acids (SCFA)
were estimated according to the methods of
(10). The average of the volume of gas
produced from the blanks were deducted
from the volume of gas produced per sample.
ME (MJKg DM) = 220 + 0.136GV +
0.057CP + 0.0029 CF (12)

OMD (%) = 14.88 + 0.889GV + 0.45 CP +
0.651XA according to (12)

SCFA = 00239 Vv - 0.0601
according to (13)
% IVDMD = 1 — [(Residue +
filter paper) — filter paper] — blank / (sample
weight)
Where; Blank = (Blank  +  filter
paper) — filter paper; GV =

Total gas volume; CP =

crude protein; CF = crude fibre;

XA = ash

Triplicate sample of the Pleurotus
tuber-regium degraded cassava root sievate
based diets were analysed for dry matter
(DM), crude protein (CP), crude fibre (CF),
ash, ether extract, organic matter (OM) and
metabolizable energy (ME) according to the
methods of (14). The fibre fractions such as
neutral detergent fibre (NDF) and acid
detergent fibre (ADF) were determined
according to the methods of (15).

Gross Energy determination: The gross
energy was calculated using the formula
T = 5.72Z, + 9.50Z, + 4.79Z; + 4.03Z, *
0.9%; according to (16). where; T =

Gross energy; Z, = Crude
protein; Z, = Crude fat; Z; =
Crude fibre; Z,4 = Nitrogen

free extract.

Data obtained were analyzed using
analysis of variance (ANOVA) as described
by (17). Significant means were separated
using the Duncan multiple new range test.

Results and Discussion
The chemical composition of the
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experimental diets containing graded levels
of Pleurotus tuber regium degraded cassava
root sievate is presented in Table 2. Crude
protein, ash NFE, NDF and ADF showed
significant (p<0.05) difference while DM,
CF, EE and gross energy (GE) were not
influenced (p>0.05) significantly by the
treatment diets. The CP of the treatment diets
increased with incremental levels of
PTRCRS in the diets. However, CP values of
Ts and T, were significantly (P<0.05) higher
compared to T, and T,. The crude protein
content of all the diets were above the
acceptable 7% CP for ruminant maintenance
as recommended by (18) and 8% suggested
by (19) for ruminal function. The higher CP
observed in the treatment diets could balance
for imbalance of amino acids produced
during protein degradation. Ash values for
the treatment diets increased (p<0.05) with
increasing of PTRCRS in the diets. The
observation in this study could be attributed
to mycelia biomass of the fungus during
bioconversion. The variations in the NFE
values could be attributed to the influence of
graded levels of PTRCRS on the diets.
Nitrogen free extract contains both starches
and some proportion of hemicellulose and
lignin (20). There was decreasing (p<0.05)
trend in NDF and ADF with increasing level
of Pleurotus tuber regium degraded cassava
root sievate in the diets. The decrease in
NDF was nevertheless not too fast as to
cause any challenge as (21) noted that in
order to maintain optimum roughage
digestion, ruminant diets should contain a
minimum 20 % NDF on DM basis. The
neutral detergent fibre fraction is made up of
hemicellulose, cellulose and lignin resulting
in improved fibre that is effective in
stimulating rumen motility. The reduction in
the ADF highlighted the nutritional
superiority of the biological treatment. In
earlier study, (21) reported that diets with
lower values of ADF are of good nutritional

quality. Perhaps, the lower NDF and ADF
values in PTRCRS containing diets indicated
that Pleurotus tuber regium solubilized and
utilized the cell walls as carbon sources and
hence altered the ratio of insoluble to soluble
carbohydrates in the diets, compared with
the control diet containing non-biodegraded
cassava root sievate.

The mineral composition (Table 3)
though not significantly (p<0.05) influenced
by the treatment diets were well above 0.6
g/d recommendation for a 10 kg goat by (22)
for calcium and phosphorus. The calcium
and phosphorus values reported in this study
were well above 0.3 % 0.25 % respectively
recommended by (23) for ruminant in warm
wet climate.

The anti-nutritional compositions of the
experimental diets are presented in Table 4.
Hydrogen cyanide (HCN), oxalates and
saponins values were significantly (p<0.05)
reduced in the PTRCRS diets, while tannins
and phytates were not significantly (p>0.05)
influenced. The effect of all the anti-
nutritional factors depends largely on the
amount present in the feed and quantity
taken by the animals. The reduction in the
level of HCN may be attributed to the
PTRCRS in the diets. (24) and (25)
attributed the reduction in cyanogenic
glycosides during hydrolysis to the ability of
the Pleurotus spp. to secrete amylase,
xylanase and linamarase enzymes to form
hydrolytic complex bound to the cyanide
compound. Oxalate is a dicarboxylic acid
anion present as insoluble salts of potassium,
sodium and ammonium or as calcium. The
reduction observed in this study for oxalate
may be attributed to the activities of the PTR
on the CRS during the solid-state
fermentation. Pleurotus spp. have been
reportedly used in the degradation of anti-
nutrients due to tannase, phytase and oxalate
oxidase which abound in the fungus (26; 7).
The significant (p<0.05) reductions of
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saponins in this study may be attributed to

be due to the production of various enzymes

effect of the test ingredient. (27) noted that during the vegetative and reproductive
decrease in various anti nutrient levels could  phases of the fungi.

Table 2: Chemical composition of experimental diets

Parameters (%) T1(0%) T2 (20%) T3(40%) T4(60%) SEM
Dry matter 91.33 91.90 91.55 91.84 0.83
Crude protein 9.28 9.82 14.12a 16.062 1.11
Crude fibre 14.57 13.35 11.52 9.62 1.00
Ether extract 0.84 0.72 0.72 1.02 0.19
Ash 8.26¢ 12170 12.71ab 13.032 0.73
Organic matter 83.08 79.73 80.7 78.81 0.95
Nitrogen free extract 58.392 55.8520 52.490 52.12 1.04
Neutral detergent fibre 55.572 49.30° 34.44¢ 31.18¢ 3.84
Acid detergent fibre 49.502 39.150 29.78¢ 21.91d 3.92
Gross Energy (Kcal/g) 3.66 3.51 3.54 3.59 0.77
#0 Means within the same row with different superscripts are significantly different (P<0.05)

Table 3: Mineral composition of experimental diets

Parameters (%) T1(0%) T2 (20%) T3(40%) T4(60%) SEM
Calcium 1.74 1.73 1.75 1.77 0.03
Phosphorus 0.89 0.95 0.93 0.95 0.01
Potassium 0.32 0.29 0.31 0.34 0.02
Magnesium 0.12 0.15 0.13 0.13 0.01
Sodium 0.36 0.39 0.42 0.50 0.03
Iron 0.47 0.43 0.40 0.48 0.03
Means within the same row with same superscripts are similar (P>0.05)

Table 4: Anti-nutritional compositions of experimental diets

Parameters (%) T1(0%) T2 (20%) T3(40%) T4(60%) SEM
Hydrogen cyanide (mg/kg) 2.252 1.672b 1.232b 0.56¢ 0.27
Tannins 2.05 1.55 0.90 0.53 0.32
Phytates 0.80 0.54 0.87 0.59 0.13
Oxalate 0.322 0.29ab 0.192b 0.17° 0.03
Saponins 0.03e 0.04a 0.03a 0.02° 0.00

¢ Means within the same row with different superscripts are significantly different (P<0.05)

The in vitro gas production over the
incubation period of 24 h is shown in Table
5. The volume of in vitro gas produced at
different incubation time by diets containing
graded levels of PTRCRS were significantly
(p<0.05) influenced at 6, 9, 12, 18, 21 and 24
hours. This suggests differences in
carbohydrate fermentation among the diets at
these hours. From in vitro gas production for
incubation period of 24 hrs, T, maintained
the lowest in vitro gas production. This
suggested  that  lower  carbohydrate

fermentation occurred in this treatment in
comparison with the treatment (T,, Tz and
T,) diets. This is in agreement with the
results of (8) for non-fungi treated maize
husk. The lower gas production for T; may
be attributed to higher content of NDF and
ADF that protected the carbohydrate from
degradation by the rumen microbes. This
perhaps agreed with the reports of (28) that
in vitro gas volume is a good parameter to
predict digestibility, end product of
fermentation and microbial protein synthesis
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of the substrates by rumen microbes.

The result of the in vitro digestibility of
the experimental diets is presented in Table
6. All the indices evaluated were
significantly (P<0.05) influenced except in
vitro dry matter digestibility (IVDMD).
Methane volume decrease with increasing
levels of PTRCRS in the diets. The
observation in this study further indicated the
inclusion of PTRCRS in the diets of goats
improved the quality of the diets. This is in
conformity with the reports of (3) that
enteric methane emissions are highest when
animals are fed poor quality diets. (29) in
earlier study also observed linear reduction
in methane from fungal treated wheat straws.
PTR bioconversion of NDF and ADF may
have resulted in the improvement in the
quality of the diets as a result of cell wall
degradation and overall improvement in
carbohydrates  digestibility. The IVGP
(ml/200 mgDM) values obtained in this
study ranged from 44.12 to 55.67 ml/200
mgDM. The PTR bioconversion of the CRS
enhanced the quality of the diets, which
further enhanced the fermentation and
ensured more gas production, as gas
production is positively correlated with
degradable carbohydrate (30) attributed
higher IVGP in fungi treated feed resources
to the hydrolytic ability of the fungi species,
nature of carbohydrate and potency of the
rumen liquor used for incubation. The SCFA
of the different diets were highest (p<0.05)

in T3 and T4 and lowest in T;. The higher
value recorded for Tz and T, may be ascribed
to the higher gas production, which indicates
higher available energy. In addition, the
higher SCFA for T5 and T, is in conformity
with the metabolizable energy (ME) values
of those diets. This indicates that up to 80%
of goats and any other ruminant maintenance
energy could be met when fed with these
diets (31). (32) submitted that in vitro gas
production system helps to better quantify
nutrient utilization and its accuracy in
describing digestibility in animals and a
number of experiments has validated this.
The ME values reported in this study showed
that, the ME of the experimental diets fell
within the recommended ME values of 6 to
13 MJ/kg DM reported by (33) for small
ruminants. This is an indication that, the
energy requirements of the experimental
goats were met. The in vitro OMD followed
a similar pattern as the IVGP, SCFA and
ME, thus indicating increased microbial
activities. Similarly, the high IVOMD for the
treatment diets may be attributed to lower
fibre fractions and increased CP values of
the diets. The result of this present study
corroborates the findings of (34) who
attributed high fermentable nitrogen and
readily degradable cell wall fractions to the
increase in the substrates available
cellulolytic microbes with a consequential
increase in digestibility.

Table 5: Volume of in-vitro gas produced at different incubation time by the experimental diets

Parameters (%) T1(0%) T2 (20%) T+ (40%) T4(60%) SEM
3 Hrs 7.74 8.98 7.79 8.23 0.23
6 Hrs 9.640 10.84> 13,04 14.77 0.80
9 Hrs 22.35b 2417 27.262 26.652 0.82
12 Hrs 26.89b 2722 29.182 28.83% 0.43
15 Hrs 3167 29.84 33.14 34.80 1.20
18 Hrs 34.73b 39,182 37,92 42.222 1.10
21 Hrs 38.300 43622 47.972 44,63 148
24 Hrs 44.12¢ 48,45 55,672 54,332 178

¢ means within the same row with different superscripts are significantly different (P<0.05)
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Table 6: In vitro digestibility of the experimental diets

Parameters T1(0%) T2 (20%) T3 (40%) T4(60%) SEM
Methane (mL/200 mg DM) 24,518 23,640 23475 22.82¢ 0.24
IVGP (mL/200 mg DM) 44.12¢ 48.45b 55,672 54,338 178
IVDMD (%) 52.38 58.28 62.32 61.81 1.83
SCFA (umol) 0.99¢ 1100 1.272 1.24a 0.04
ME (MJ/Kg DM) 8.77¢ 9.30b 10.612 10.53¢ 0.30
OMD (%) 58.82¢ 63.160 71,558 71.258 2.07

IVGP = In vitro gas production; IVDMD = In vitro dry matter digestibility; SCFA = Short chain fatty acids; ME =
Metabolizable energy; OMD = Organic matter digestibility.

superscripts are significantly different (P<0.05)

Conclusion and Application
This study showed:

4. That

1. That the nutritive value of cassava
root sievate containing diets were
enhanced through biodegradation
using Pleurotus tuber-regium.

2. That the addition of biodegraded
cassava root sievate in the diets of
WAD goats reduced the methane
production in vitro.

3. That the volume of in vitro gas

production was improved among the
biodegraded cassava root sievate
diets.

short chain fatty acids,
metabolizable energy and organic
matter digestibility were improved
among the treatments containing
biodegraded cassava root sievate.
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