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Original Research Article
Bioconversion of Rice Straw as a Ruminant feed
Using Three Strains of White Rot Fungi

ABSTRACT

Aims: To determine nutritive value of rice straw samples biodegraded by different fungal strains
Study Design: Completely Randomized Design

Place and Duration of Study: fungal inoculation of rice straw samples was carried out at the
Federal Institute of Industrial Research Oshodi (FIIRO) Nigeria, for 21 days; proximate and fibre
fractions analysis was done at the laboratory of the International Institute for Tropical Agriculture
(IITA) Ibadan, Nigeria, while in vitro gas production was carried out at the laboratory of the
Department of Animal Science, University of Benin, Nigeria.

Methodology: Samples of untreated rice straw (UTRS) were biodegraded for 21 days using three
strains of edible mushroom Pleurotus tuberregium (PTTRS), Pleurotus pulmonarius (PPTRS) and
Pleurotus ostreatus (POTRS). The substrates were analyzed for changes in the proximate
composition and crude fibre fractions. In vitro Gas Production (IVGP) was used to predict the
Metabolizable Energy (ME), Organic Matter Digestibility (OMD), Short Chain Fatty Acids (SCFA),
methane production (CH,), soluble fractions (a), potential gas production (b), potentially
degradable fraction (a+b), rate of fermentation (¢ ) and incubation time (t).

Results: Proximate composition showed crude protein (CP), crude fibre (CF), ether extract (EE),
ash and carbohydrate values to be 8.32, 15.32, 5.95 and 6.44%; 34.14, 24.72, 36.85 and 50.54%;
2.91, 3.93, 3.43 and 1.90%, 5.88, 12.38, 7.26 and 13.76% and 48.75, 43.65, 46.51 and 27.40% for
UTRS, PTTRS, PPTRS and POTRS respectively. Crude fibre fractions for neutral detergent fibre
(NDF), acid detergent fibre (ADF), acid detergent lignin (ADL), hemicellulose (HEM) and cellulose
(CL) were 72.06, 77.43, 73.71 and 76.63%; 51.31, 6.14, 12.44 and 10.87%, 11.39, 1.43, 1.23 and
1.37%; 20.75, 71.29, 61.27 and 65.77% and 39.92, 4.71, 11.22 and 9.49% for UTRS, PTTRS,
PPTRS and POTRS respectively. Estimates of ME, OMD, SCFA and CH4 were 4.23, 7.29, 7.32
and 9.10 MJ/kg DM; 31.34, 52.94, 45.39 and 57.83%; 0.18, 0.56, 0.56 and 0.78 umol/200 mg DM
and 13.50, 9.33, 10.33 and 10.67 ml for UTRS, PTTRS, PPTRS and POTRS respectively. IVGP
characteristics for a, a+b, b, c and t were 1.25, 2.38, 1.13 and 1.57; 9.25, 23.88, 24.13 and 24.07;
8.00, 21.50, 23.00 and 22.50; 0.11, 0.41, 0.35 and 0.35 and 21.00, 8.00, 9.00 and 9.00 hours for
UTRS, PTTRS, PPTRS and POTRS respectively

Conclusion: Based on the result, Pleurotus tuberregium degraded rice straw (PTTRS) was
adjudged superior to the others due to the higher crude protein, ether extract, potentially
degradable fractions, high gas production per unit time and lower crude fibre and methane
production.

Key words: In vitro, Nutrients, Rice straw, Degraded, Mushroom

1. INTRODUCTION

Huge amounts of agricultural waste are produced from crop farms all over the world annually
[1], one of which is rice straw. Rice straw, a residue arising from rice farming,

is produced in copious quantities worldwide annually. It is a residue of the rice plant left after
the grains have been harvested [2]. Despite the great quantity produced, it is

reported to be low in nitrogen, rich in polysaccharides and has a high lignin and silica

content, limiting voluntary intake and reducing degradability by ruminal micro organisms all
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of which serve as a hindrance to its effective utility as a livestock feed [3] [2]. Biodegradation of crop
residues using edible mushroom has been reported to give rise to products with enhanced nutritive
value that promote farm animal performance [4]. Thus rice straw could also be converted to a useful
animal feed resource through biological treatment. This is particularly useful to ensure

provision of animal protein sources for the teeming world population. Animal nutritionists are
continuously evaluating forages and other feed resources so as to provide solutions to problems
arising from practical feeding of livestock in specific situations and on a year round basis. The in vitro
gas production technique of assessing nutritive value of feeds and feedstuffs, based on use of
syringes [5] has become popular due to its advantages of convenience, less requirement of time, less
cost and ability to analyze many samples almost simultaneously. [6] used the in vitro gas production
method to assess the replacement value of Panicum maximum (PM) with Ficus polita (FP) at four
levels in two seasons (dry and wet). Chemical composition and qualitative analysis of saponin and
tannins were determined. In vitro gas production of PM and FP were carried out over a 24 hour
incubation. Metabolizable energy, organic matter digestibility and short chain fatty acids were
predicted. Results indicated that FP contained high levels of protein in the dry and wet seasons.
Values for crude fibre, ether extract, ash and neutral detergent fibre in the dry and wet seasons were
22.0 and 19.0 g/100 g DM, 20.5 and 17.8 g/100 g DM, 7.8 and 10.0 g/100 g DM, 67.0 and 88.0 g/100
g DM respectively. Qualitative contents of secondary metabolites showed that FP contained low
amounts of saponin in the dry season while tannin was absent in both seasons. In vitro gas
production, Metabolizable energy, organic matter digestibility short chain fatty acids and
methanogenesis were not significantly affected by levels of inclusion of FP in forage diets. The aim of
this study was to evaluate rice straw samples ensuing from biodegradation by three edible
mushrooms Pleurotus tuberregium, Pleurotus pulmonarius and Pleurotus ostreatus by assessing the

proximate composition, crude fibre fractions, in vitro gas production and nutrient estimations.

2. MATERIALS AND METHODS

2.1 Sample collection

Samples of dried rice straw were collected from crop farms around the environs of the
University of Agriculture, Makurdi, Benue State. The samples were milled and oven dried at

652 C until a constant weight was obtained for any dry matter determination.
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2.2 The fungi

The sporophores of Pleurotus tuber-regium, Pleurotus pulmonarius and Pleurotus ostreatus
growing in the wild were collected from University of Ibadan Botanical garden. These were
tissue cultured to obtain fungal mycelia [7]. The pure culture obtained

was maintained on plate of potato dextrose agar (PDA).

2.3 Degradation of rice straw by different fungi

2.3.1 Preparation of Substrates

The jam bottles used for this study were thoroughly washed, dried for 10 min. at 100 °C.
25.00 g of the dried milled substrate was weighed individually into each jam bottle and 70 ml
distilled water was added. The bottle was immediately covered with tin foil and sterilized at

121 °C for 15 min. Each treatment was done in triplicate.

2.3.2 Inoculation

Each bottle was inoculated at the centre of the substrate with 2, 10.00 mm mycelia disc and
covered immediately. They were kept in the dark cupboard in the laboratory at 30 °C and 100

% relative humidity (RH). At day 21 of inoculation, the experimental bottles were autoclaved to
terminate the mycelia growth. Samples of biodegradations were oven dried to constant weight for
chemical analysis and in vitro digestibility.

2.3.3 In vitro qas production
This was carried out at the Animal Science laboratory of University of Benin. Rumen fluid was

obtained from three West African Dwarf male goats through suction tube via the oesophagus before
morning feed. The animals were fed with 40 % concentrate (40 % corn, 10 % wheat offal, 10 % palm
kernel cake, 20 % groundnut cake, 5 % soybean meal, 10 % brewers grain, 1 % common salt, 3.75 %
oyster shell and 0.25 % fishmeal) and 60 % Guinea grass. Incubation was carried out [5] in 120 ml
calibrated syringes in three batches at 39 °C. To 200 mg sample in the syringe was added 30 ml
inoculums containing cheese cloth strained rumen liquor and buffer (9.8 g NaHCO; + 2.77 g Na,HPO,
+ 0.57 g KCL + 0.47 g NaCl + 0.12 g MgS0Q,.7H,0 + 0.16 g CaCl,. 2H,0 in a ratio (1:4 v/v) under
continuous flushing with CO,. The gas production was measured at 3, 6, 9, 12, 15, 18, 21, and 24 hrs.

After 24hr of incubation, 4 ml of NaOH (10M) was introduced to estimate the amount of methane
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produced [8]. The average volume of gas produced from the blanks was deducted from the total
volume of gas produced. Fermentation characteristics were estimated using the equation Y =a + b (1
—e%) [9], where Y = volume ofgas produced at time't’, a = intercept (gas produced from the soluble
fraction), b = gas production rate constant for the insoluble fraction, (a + b) = final gas produced, C =
gas production rate constant for the insoluble fraction (b), t = incubation time. Metabolizable energy
(ME, MJ/Kg DM) and organic matter digestibility (OMD %) were estimated [5] and short chain fatty
acids (SCFA) was calculated [10].ME MJ/kg DM = 2.20 + 0.136 *Gv + 0.057 + 0.0029 CFOMD =
14.88 + 0.88Gv + 0.45CP + 0.651XA;SCFA = 0.0239 Gv — 0.0601;Where Gv, CP, CF and XA are net
gas production (ml /200 mg DM), crude protein, crude fiber and ash of the incubated sample
respectively.

2.4 Chemical composition

Dry matter was obtained by oven drying the milled samples to a constant weight at 105° C for eight
hours. Crude protein was determined as Kjadhal nitrogen x 6.25. ether extracts, crude fibre and ash
were determined according to [11] method. Neutral detergent (NDF), Acid detergent fibre

(ADF) and Acid Detergent Lignin (ADL) was determined using the method described by [12].
Hemicellulose was calculated as the difference between NDF and ADF while cellulose was

calculated as the difference between ADF and ADL
2.5 Statistical analysis
Data obtained were subjected to analysis of variance (ANOVA) using the Minitab Statistical software

which also separated the means where significant differenced occurred (at 95% probability).

3. RESULTS

3.1 Proximate Composition

The proximate composition of rice straw treated with different fungal species is shown in Table 1.
There was a significant (P = 0.01) increase in the crude protein (CP) of the fungal treated RS
compared to the untreated RS. The highest CP was by the PTTRS, followed by POTRS while CP of
PPTRS was lowest. Crude fibre was significantly (P = 0.04) reduced in PTTRS and increased in
PPTRS and POTRS. Ether extract was also significantly (P = 0.01) affected, being highest in PTTRS,

followed by PPTRS and least in POTRS. Ash percent was significantly (P = 0.00) highest in POTRS,
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followed by PTTRS and lowest in PPTRS, while the carbohydrate fraction was significantly (P = 0.03)

lowest in POTRS, followed by PTTRS and then PPTRS.

3.2 Crude Fibre Fractions

The crude fibre fractions are shown in Table 2. Neutral detergent fibre (NDF) was significantly (P =
0.03) highest in PTTRS, followed by POTRS and then PPTRS. Acid detergent fibre (ADF) values
were significantly (P = 0.00) reduced in the order PPTRS, POTRS and then, PTTRS. Acid detergent
lignin (ADL) percent was significantly (P = 0.00) least in PPTRS, followed by POTRS and lastly
PTTRS. Hemicellulose percent was significantly (P = 0.00) highest in PTTRS, followed by POTRS
and PPTRS, while cellulose percent was significantly (P = 0.02) least in PTTRS, followed by POTRS

and PPTRS.

3.3 Nutrient Estimations

The Metabolizable energy (ME), organic matter digestibility (OMD), short chain fatty acid (SCFA) and
Methane production are shown in Table 3. The ME was significantly (P = 0.00) improved, being
highest in POTRS while values of PTTRS and PPTRS were similar to each other. The OMD was
significantly (P = 0.04) increased, being highest in POTRS, followed by PTTRS and then PPTRS. The

SCFA values were also significantly (P = 0.04) improved, following pattern exhibited by ME. Methane

Table 1. Proximate Composition of Rice Straw Degraded by Different Fungal Species

Parameter UTRS PTTRS PPTRS POTRS SEM
Crude protein (%) | 8.32° 15.32° 5.95° 6.44° 0.11
Crude fibre (%) 34.14° 24.72° 36.85° 50.54° 0.45
Ether extract (%) | 2.91° 3.93° 3.43° 1.90° 0.09
Ash (%) 5.88° 12.38° 7.26° 13.76° 0.24
Carbohydrate (%) | 48.75° 43.65° 46.51° 27.40° 0.63

a,b,c.d

= Means in same row with different superscripts vary significantly (P<0.05)

UTRS = Untreated rice straw; PTTRS = Pleurotus tuberregium treated rice straw

PPTRS = Pleurotus pulmonarius treated rice straw; POTRS = Pleurotus ostreatus treated rice straw
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135  Table 2. Crude Fiber Fractions of Rice Straw Degraded by Different Fungal Species (%)

16 Fraction UTRS PTTRS PPTRS POTRS SEM
NDF 72.06° 77.43° 73.71° 76.63" 0.02
ADF 51.31° 6.14° 12.44° 10.87° 1.20
ADL 11.39° 1.43° 1.23° 1.37° 1.35
HEM 20.75° 71.29° 61.27° 65.77° 0.03
CL 39.92° 4.71° 11.22° 9.49° 2.31

137

138 abed _ Means in same row with different superscripts vary significantly (P<0.05)

%1318 UTRS = Untreated rice straw; PTTRS = Pleurotus tuberregium treated rice straw

ﬂ% PPTRS = Pleurotus pulmonarius treated rice straw; POTRS = Pleurotus ostreatus treated rice straw

%22 NDF = Neutral detergent fiber ADF = Acid detergent fiber ADL = Acid detergent lignin HEM =

ﬂg Hemicellulose; CL = Cellulose

147

148  Table3. Metabolizable Energy, Organic Matter Digestibility, Short Chain Fatty Acids and
149 Methane Production of Rice Straw Degraded by Different Fungal Species

0 Treatment | ME OMD (%) SCFA Methane
(MJ/kg DM) (umol/200 mg DM) (ML)
UTRS 4.23° 31.34° 0.18° 13.50%
PTTRS |7.29° 52.94° 0.56° 9.33°
PPTRS |7.32° 45.39° 0.56° 10.33°
POTRS 9.10° 57.83° 0.78° 10.67°
SEM 0.13 0.51 0.05 0.20
151
152 abed _ Means in same column with different superscripts vary significantly (P<0.05)
igz UTRS = Untreated rice straw; PTTRS = Pleurotus tuberregium treated rice straw
%gg PPTRS = Pleurotus pulmonarius treated rice straw; POTRS = Pleurotus ostreatus treated rice straw
igg ME = Metabolizable energy OMD = Organic matter digestibility SCFA = Short chain fatty acids
160

161  production was significantly (P = 0.01) reduced due to fungal treatment, being lowest in PTTRS,

162  followed by PPTRS and then POTRS.

163 3.4 In vitro gas Production



UNDER PEER REVI EW

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185
186

187
188

The in vitro gas production characteristics are shown in Table 4. Gas production from soluble
fractions (a) was not significantly (P = 0.02) affected by fungal treatment. Gas production from
insoluble fraction (b) was significantly (P = 0.02) affected by fungal treatment, being highest in PPTRS
and POTRS, which were similar to each other, but higher than PTTRS which was also significantly
higher than the UTRS. Total gas production (a+b) was significantly (P = 0.04) affected by fungal
treatment such that values of PTTRS, PPTRS and POTRS were similar to each other, but were
significantly different from UTRS. Gas production rate (c) was significantly (P = 0.01) highest in
PTTRS, followed by PPTRS and POTRS which were similar to each other, but significantly different
from UTRS. Time lag values (t) were significantly (P = 0.00) depressed by fungal treatment, being
lowest in PTTRS, followed by PPTRS and POTRS which were similar to each other, but significantly

lower than UTRS.

In vitro gas production in 24 hours is shown in Table 5. In general, gas production rate from three to
24 hours was significantly affected by fungal treatment. At three hours significantly (P = 0.04) highest
gas production was by PTTRS, followed by PPTRS and then POTRS which was also higher than
UTRS. At six hours, PTTRS, PPTRS and POTRS produced values similar to each other but
significantly (P = 0.00) higher than UTRS. At nine hours, PTTRS value was significantly (P = 0.03)
higher than values of PPTRS and POTRS, which were similar to each other, but higher than UTRS.
At 12hrs, values of PTTRS and POTRS were the highest and similar to each other, but significantly (P
= 0.04) higher than UTRS. At 15hrs, POTRS produced significantly (P = 0.04) highest value, followed

by others in the order PTTRS, PPTRS and lastly UTRS. Gas production values at 18 and 21 hours

Table 4. In vitro Gas Production Characteristics of Rice Straw Degraded by Different Fungal
Species (ml/200 mgDM)

Fermentation | UTRS PTTRS PPTRS POTRS SEM
Characteristics

a 1.25 2.38 1.13 1.57 0.44
a+b 9.25° 23.88° 24.13° 24.07° 0.78
b 8.00° 21.50° 23.00° 22.50° 0.46
c 0.11° 0.417 0.35° 0.35° 0.78
t 21.00° 8.00° 9.00° 9.00° 0.50

a,b,c,d

= Means in same row with different superscripts vary significantly (P<0.05)
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UTRS = Untreated rice straw; PTTRS = Pleurotus tuberregium treated rice straw

PPTRS = Pleurotus pulmonarius treated rice straw; POTRS = Pleurotus ostreatus treated rice straw

a = Soluble fraction

b = Potential gas production

a+b = Potentially degradable fraction

¢ = Rate of fermentation

t = incubation time

Table 5. In vitro Gas Production of Rice Straw Degraded by Different Fungal Species (mi/200

mgDM)

Incubation | UTRS PTTRS PPTRS POTRS SEM
Period

(hr)

3 2.00° 4.50° 3.00° 2.50° 0.65
6 267° 22.00° 21.00° 21.00% 0.78
9 5.00° 24.00° 23.00° 23.00° 0.50
12 5.00° 25.00° 24.00° 25.00% 0.50
15 6.00° 25.00° 24.00° 28.00° 0.29
18 7.00° 25.00° 26.00° 28.00° 0.41

21 8.00° 25.00° 26.00° 30.007 0.29
24 10.00° 26.00° 26.00° 35.00° 0.65

abed _ Means in same row with different superscripts vary significantly (P<0.05)

UTRS = Untreated rice straw; PTTRS = Pleurotus tuberregium treated rice straw

PPTRS = Pleurotus pulmonarius treated rice straw; POTRS = Pleurotus ostreatus treated rice straw

showed similar pattern of POTRS being the significantly (P = 0.04) highest, followed by PTTRS,

PTTRS and lastly UTRS. At 24 hours, POTRS value was (P = 0.04) highest, followed by values of

PPTRS and PTTRS, which were similar to each other, but higher than UTRS.

4. DISCUSSION

4.1 Proximate Composition and Fibre Fractions

The highest CP level of PTTRS implies that the fungus effectively degraded the rice straw and
colonized it causing the CP level to rise due to CP of the fungal biomass and enzymes. According to
[13], increase in CP levels of fungal treated materials is caused by secretion of certain extra cellular

8
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enzymes which are proteinous in nature during the materials breakdown and its subsequent
metabolism. That the CP of PPTRS and POTRS was lower than that of UTRS implies that the fungi
were less effective in degrading rice straw. Crude fibre of PPTRS decreased showing that the fungus
was effective in breaking down the fibre portion of the rice straw. [3], using white rot to increase the
degradability of straw is at the expense of easy assessable carbohydrates, such as cellulose and
hemicellulose, and some white rot fungi preferably attack lignin, without degrading cellulose and
hemicellulose. In this study, the fungi attacked lignin and cellulose, not hemicellulose, leading to more
hemicellulose in the degraded straw. Increase in CF of PPTRS and POTRS means the fungi
degraded other nutrients in the rice straw, making the CF to be higher than that of rice straw. The
highest EE percent of PTTRS and PPTRS means the fungi contributed more EE while in POTRS; it
used EE as a nutrient in its development. According [14], some micro organisms consume some fatty
acids as suitable energy for growth. The general increment in ash values of the treated straw means
more minerals and vitamins were available after the degradation. This observation is consistent with
the report of [7] who reported improved values for ash when maize husk was degraded using different
species of white rot fungi. The Lower carbohydrate fraction in all the treated rice straw means that the

fungi used carbohydrate as source of energy.

NDF and hemicellulose fractions generally increased due to fungal treatment means the fungi
secreted enzymes less effective in breaking down the components. [15] reported that hemicellulose
percent was increased when rice straw was treated with Trichoderma reesi. The generally reduced
levels of ADF, ADL and cellulose demonstrate the fact that the fungi were more effective in degrading

those fractions in the straw.

4.2 Nutrient Estimation

The estimated Metabolizable energy increased signifying that fungal treatment produced more

nutritive products. This result is not unexpected because ME estimation makes use of gas volume,

protein, fat and crude fibre fraction of the feeds.

Organic matter digestibility also improved due to fungal treatment. This is reasoned to be due to
reduction in lignin which inhibits digestibility and the high ash value and gas volume used in

estimating the organic matter digestibility.
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Short chain fatty acid production increase in the treated materials is reasoned to be due to higher
absolute gas production, which was most evident in the 24 hour of incubation. [10] reported close
association between SCFA and gas production in vitro. During incubation of feedstuff with buffered
rumen fluid in vitro, carbohydrates are fermented to SCFA and gases, mainly carbon dioxide and
methane and microbial cells. This report implies the release of more energy courtesy of fungal

treatment.

Methane production decreased due to fungal treatment. Generally, methane represents source of
energy waste or loss, as the animals have to eructate or belch it to prevent bloat [16]. This reduction
in methane production makes the treated materials more environmentally friendly, as they would
contribute less to global warming capable of frustrating food production in agricultural areas due to

drought or flood [17].

4.3 In vitro Gas Production

Gas produced from soluble fraction (a) did not significantly differ, but was higher in PTTRS showing
its tendency to release more energy from the soluble fractions than the other materials. The final gas
produced (a+b) increased in the treated materials. This result is consistent with those of other works
[7]1 [18]. The higher gas production from insoluble, but degradable fraction (b) of the treated materials
translates to higher carbohydrate fraction made available consequent upon fungal treatment. The
improved rate of gas production (c) in fungal treated materials signified more carbohydrate availability
per unit time and also how fast the treated materials would release nutrients for animal use. [19] had
reported that rate of gas production determines digestion time and consequently how long a
potentially digestible material would occupy space. Thus, the higher gas production rate of the treated
materials would make them to be easily digested and other materials fed consequently leading to
better performance by animals fed the materials. In general, gas production can be regarded as an
indicator of carbohydrate degradation and the low gas production in the UTRS could be explained by
lignin binding to the carbohydrate [20]. On the other hand higher gas production of the treated straw is
further explained by higher CP and lower CF (especially PTTRS) and the generally reduced lignin.
According to [21], lignin protects carbohydrates from attack by rumen microbes and negatively
influences in vitro gas production. Gas production on incubation of feeds in buffered rumen fluid is

associated with feed fermentation and carbohydrate because gas production from protein

10
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fermentation is relatively small as compared to carbohydrate fermentation while contribution of fat to

gas production is negligible [20].

The reduced time lag of the treated materials implies that it takes less time for nutrients to be
released. This would be beneficial as the animals will be able to tap nutrients in the materials faster,

not having to wait for long before benefiting from feed intake.

5 Conclusion

It was concluded that treatment of rice straw with Pleurotus tuberregium significantly improved its
nutritive value as there was increase in crude protein and gross energy, while crude fibre and fibre
fractions decreased. Also, the fungal treatment of rice straw significantly improved in vitro gas
production and Metabolizable energy, organic matter digestibility and short chain fatty acids.
Additionally, methane production was significantly decreased by fungal treatment of the rice straw,
thereby making the resultant product more environmentally friendly and of less potential in

contributing to global warming.

6 RECOMMENDATION
It was recommended that fungal treatment of rice straw before feeding to animals should be

encouraged due to the additional benefit of reduced methane production.

REFERENCES

1. Akinfemi A. Upgrading of sugarcane bagasse by solid state fermentation with Pleurotus,
sajor-caju and Pleurotus florida and the impact on the chemical composition and in vitro
digestibility. Biotechnology in Animal Husbandry 28 (3), p 603-611, 2012

2. Drake DJ, Nader G, Forero L. Feeding rice straw to cattle. University of
California Division of Agriculture and natural Resources. 2002 http:///anrcatalog. Ucdavis.edu.
retrieved 8" January, 2013.

3. Sarklong C, Cone JW, Pellican W, Hendriks WH. Utilization of rice
straw and different treatments to improve its feed value for ruminants: A Review. Asian-
Australian Journal of Animal Science. 2010 23(5):560-692.

4. Akinfemi A, Jonathan SG, Adu O.A. Improving the nutritive value of millet stover using
biological treatment. Libyan Agriculture Research Center Journal International 1(3): 195-201,
2010

5. Menke KH, Steinglass H. Estimation of the energetic feed value obtained from chemical
analysis and in vitro gas production using rumen fluid. Animal Research and Development.
28:7-55, 1988

6. Abegunde TO, Mako AA, Akinsoyinu AO. Applying in vitro gas
production method to assess Panicum maximum and Ficus polita at varying proportions.
Proceedings, 33° Annual Conference, Nigerian Society for Animal Production, 15" -19"
Sept. 2008 held at ABU Zaria. Pp. 571-574

11


RazakPC
Highlight


UNDER PEER REVI EW

318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357

358

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Akinfemi A, Babayemi OJ, Jonathan SG. Bioconversion of maize husk into value added
ruminant feed by using white rot fungus. Revista UDO Agricola 9 (4): 972-978, 2009

Fievez V, Dohme F, Danneels M, Raes K, Demeyer D I.. Fish oil as

potent rumen methane inhibitor and associated effects on rumen fermentation In vitro and in
vivo. Animal Feed Science Technology. 104: 41-58, 2003

Orskov ER, McDonald I. The estimation of protein degradability in the

rumen from incubation measurements weighted according to rate of passage. Journal of
Agricultural Science (Camb).92: 499-504, 1979

Getachew G, Blummel M, Makkar HPS, Becker K. In vitro gas

measuring techniques for assessment of nutritional quality of feeds: a review: Animal Feed
Science Technology. 72: 261 — 269, 1998

AOAC. Association of Official Analytical Chemists. Official Methods of

Analysis (Ed. W. Horowitz) 18" Edition, 2005, Washington, D.C. 1,018pp.

Van Soest PJ, Robertson, JB, Lewis, BA. Methods for dietary fibre, neutral detergent fibre
and non-starch polysaccharides in relation to animal nutrition. J. dairy Sci. 74: 3583-3597,
1991

Akinfemi A, Mohammed MI, Ayoade JA. Biodegradation of cowpea

shells by Pleorotus species for its use as ruminant feed. World Journal of Agricultural
Sciences. 5(5): 639-645, 2009

Kholif AM, Ashry MA, Fadel F, Kholif SM. Biological treatments of Banana wastages for
lactating goats feeding. Egyptian Journal of Nutrition and Feeds. 4: 347-438 (Special issue)
2001

Sabry ASA. Biological treatments of some by-products in ruminants feeding. M.Sc. Thesis Al-
Azhar University, Egypt, 2007, Pp161.

Babayemi OJ, Hamzat RA, Bamikole MA, Amirudu NF, Olomola OO. Preliminary studies on
spent tea leaf: in vitro gas production as affected by chemical composition and secondary
metabolites. Pakistan J. Nutr., 5(5):497-500, 2006

Mastrandrea M, Schneider SH. Microsoft Encartha 2009 (DD). Redmond, W.A: Microsoft
Corporation 2008.

Akinfemi A, Muktar RI. Changes in chemical composition and in vitro

digestibility of fungal treated bagasse. Proceedings, 17" Annual Conference, Animal Science
Association of Nigeria 9" — 13" Sept 2012 held at Abula. Pp. 548-549.

Areghore EM, Abdulrazak SA. Estimation of organic matter digestibility and Metabolizable
energy content of agro-industrial wastes using in vitro gas production. Nigerian Journal of
Animal Production. 32 (1): 79-87, 2005

Akinfemi A. Fungal degraded maize by-products as feed for West African

Dwarf rams. Ph.D Thesis, University of Ibadan, Ibadan, Nigeria, 2011, 75pp.

Melaku S, Peters KJ, Tegegne A. In vitro and in situ evaluation of

selected multipurpose trees, wheat bran and Lablab purpureus as potential feed supplements
of tef (Eragrostis tef) straw. Animal Feed Science Technology. 108: 159-179, 2003.

12



