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Nutrition and Physiology

Chemical composition and nutritive value of fungal treated acha straw

A. Akinfemi *

Faculty of Agriculture, Department of Animal Science, Nasarawa State University, Shabu-Lafia campus, PMB 135, Lafia, Nasarawa State, Nigeria.

Abstract. Studies were conducted for 21 days in a solid state fermentation to investigate the impact of fungal treatment on the chemical composition, mineral
content and in vitro digestibility of acha straw treated with three species of fungi: (Pleurotus ostreatus, POA; Pleurotus tuber-requim,PTA and Pleurotus
pulmonarius, PPA). The result obtained showed an increase in the crude protein (CP) from 6.28% for the control (untreated acha straw) to 7.69% for the
Pleurotus ostreatus treated acha straw (POA), 7.94% for the Pleurotus tuber-regium treated (PTA) and 8.03% for the Pleurotus pulmonarius treated (PPA)
acha straw. Contrarily, the crude fibre (CF) decreased significantly (P<0.05) from 35.84% for the control to 30.78% for POA, to 33.28% for PTA and 31.16% for
PPA. Similar significant (P<0.05) decrease was also obtained for the cellulose contents of all the fungal treated. The CF fractions (NDF, ADF and ADL) also
decreased significantly. The fastest rate (c) of gas production was obtained in POA (0.0334h") with the slowest rates in PPA (0.0298h") and the control
(0.0255h"). Gas volumes at 24h and 72h were highest in PPA while the highest gas volume at 48h was recorded in PTA. The fermentation of the insoluble, but
degradable fraction (b) range from 34 ml (control) to 58 ml (PTA). The estimated organic matter digestibility also increased from 48.34% in the control to 53.71%
in Pleurotus pulmonarius samples. The highest values in short chain fatty acid (SCFA) and metabolizable energy (ME) were also estimated for PPA. The result
obtained in this study showed decreases of CF and improvement in the CP, and in vitro digestibility after fungal treatment suggesting the possibility of recycling
acha straw into value added ruminant feed.

Keywords: solid state fermentation, in vitro digestibility, fungi, acha straw

Abbreviations: PTA - Pleurotus tuber-reguim, PPA — Pleurotus pulmonarius, POA — Pleurotus ostreatus treated acha straw, NDF — neutral detergent
fiber, ADF — acid detergent fiber, ADL — acid detergent lignin, b-fermentation of the insoluble, but degradable fraction, SCFA — short chain fatty acid, ME —

metabolizable energy, CF - crude fiber, CP — crude protein, OMD — Organic matter digestibility

Introduction

Ruminant livestock especially small ruminant (sheep and goat)
play an important role in the economy of the people living in the
northern part of Nigeria. They are important source of income
through the sales of products that originate from them, such as milk,
meat, hide and skin, and can be rightly regarded as source of wealth
because it can be sold to obtain cash in difficult time. Furthermore,
large numbers of small ruminant, especially goats are transported to
various markets from north central to southern part of Nigeria for
sale. Report (Payne and Wilson, 1999) indicated that live animals
serves as a store of wealth that can be called upon during difficult
times or when there is a need for large sums of cash for school fees,
funeral or wedding expenses. They also play an important role in
social systems, for example cattle, sheep and goats are used for
sacrifices, feasts or in fulfillments of other societal obligations
(Lehohla, 1990) of the people of Nigeria. Considering the dietary
food requirement, small ruminant plays a very important role also,
they supply meat and milk that are high in nutrient, apart from that
goat's head is used in preparing a social delicacy in Nigeria called
“peppersoup”.

In the cropping seasons (raining season) small ruminants rely
solely on consumption of crop residues, by-products, natural
pastures and forages for nutrient. But the prohibitive cost of
concentrate diets in this part of the country necessitates the search
for readily available nutritive feedstuffs. The problem with the crop
residues is its high fiber and lignin, and low vitamins and mineral
* e-mail: akinfemiabayomi2003@yahoo.com
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contents, more so the residues are burnt adding to the problems of
ozone layer and also causing air pollution. Crop residues are in
abundance in Northern Nigeria. Among the common one is acha
straw. Farmers leaving in this part of the country often leave acha
straws on the field to rot and sometimes, burn them after clearing the
farms. In response to the shortage of ruminant in Nigeria, there is
therefore the need to think of alternative feed resources such as
fungal treated wastes. Acha is likely to serve as that alternative.
Fungal treated acha will help to recycle the waste into rich livestock
feed. The possibility of improving these residues for livestock
feeding has been explored and three major treatments have also
been advocated, namely: physical, chemical and biological
treatments. Literature abounds on physical and chemical treatments
with paucity of information on biological. Fungal treatment will serve
as an alternative to all the already existing methods of treatment.
The advent of biotechnology, with its inexpensive mode of
application, has been used as a tool for the effective conversion of
these wastes into useful products (lyayi and Aderolu, 2004). Fungi,
apart fromincreasing the protein contents of lignocelluloses can also
reduce the fiber content, an effect traceable to the extracellular
enzymes produced by white-rot fungi. Akinfemi et al., (2010a)
reported a decrease in the crude fiber content of fungal treated
sorghum stover.

The objective of this study was to investigate the fungal
treatment of acha straw and the resulting impact on the proximate
composition, mineral contentand in vitro digestibility.



Material and methods

Preparation of experimental samples

Dried samples of acha straw were collected from the Teaching
and Research Farm, Nasarawa State University, Shabu-Lafia,
Nigeria. The materials were milled and oven-treated at 65°C to
constantweight for dry matter determination.

The fungus

The sporophores of Pleurotus tuber-ragium (PTA), Pleurotus
pulmonarius (PPA) and Pleurotus ostreatus (POA) growing in the
wild were collected from University of Ibadan botanical garden.
These were tissue cultured to obtain fungal mycelia (Jonathan and
Fasidi, 2001). The pure culture obtained was maintained on plate of
potato dextrose agar (PDA).

Degradation of acha straw by P. tuber-regium, P. pulmonariu
and P, ostreatus

Preparation of substrate

The jam bottles used for this study were thoroughly washed,
dried for 10min. at 100°C. 25.00g of the dried milled substrates were
weighed separately into a jam bottle and 70ml distilled water were
added. The bottle was immediately covered with aluminum foil and
sterilized in the autoclave at 121°C for 15 min. Each treatment was in
triplicates.

Inoculation

Each bottle was inoculated at the center of the substrate with 2,
10.00mm mycelia disc and covered immediately (Adenipekun and
Fasidi, 2005). They were kept in the dark cupboard in the laboratory
at 30°C and 100% relative humidity (RH). At day 21 day of
inoculation, the experimental bottles were autoclaved to terminate
the mycelia growth. Samples of biodegradation were oven dried to
constantweight for chemical analysis and in vitro digestibility.

In vitro gas production

Rumen fluid was obtained from, three West African Dwarf
female goats through suction tube via the esophagus 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 (Menke and Steingass, 1988) in 120ml calibrated
syringes in three batches at 39°C. To 200mg sample in the syringe
was added 30ml inoculums containing cheese cloth strained rumen
liquor and buffer (9.8g NaHCO, + 2.77g Na,HPO, + 0.57gKCL +
0.47gNaCl + 0.12gMgS0,.7H,0 + 0.16gCaCl,. 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, 4ml of NaOH (10M) was introduced to estimate the
amount of methane produced (Fievez et al., 2005). 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-¢") (Orskov and McDonald,
1979), where Y = volume of gas produced attime't', a = intercept (gas
produced from the soluble fraction), b = gas production rate constant
for the insoluble fraction, (a + b) = final gas produced, ¢ = 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 (Menke and Steingass, 1988)
and short chain fatty acids (SCFA) was calculated (Getachew et al.,
1999).

ME MJ/kg DM =2.20+0.136 *Gv +0.057* CP +0.0029 CF

OMD=14.88+0.88Gv +0.45CP;

SCFA=0.0239 Gv-0.0601;

Where Gv, CP, CF and XA are net gas production (ml/200mg
DM), crude protein, crude fiber and ash of the incubated sample
respectively.

Statistical analysis

Data obtained were subjected to analysis of variance (ANOVA)
and where significant difference occurred means were separated by
Duncan (1955) using Statistical Analysis System (SAS) package.

Results and discussion

Chemical composition of fungal treated acha straw/stover: The
chemical composition of fungal treated acha is presented in Table 1.
Wide variation was observed in the chemical composition of the
fungal treated acha straw. The crude protein content ranged from
6.28% for the untreated straw to 8.03% for the Pleurotus
pulmonarius treated straw (PPA). The increase obtained for CP in

Table 1. Chemical composition (g/100g DM) of treated and untreated acha straw

Parameters Control PTA PPA POA SEM
CP 6.28° 7.94° 8.03° 7.69° 0.003
CF 35.34° 33.28" 31.16° 30.78° 0.003
EE 2.02° 213 247" 2.74° 0.003
ASH 5.96° 8.61° 8.37° 8.79° 0.003
DM 90.11° 84.16° 84.09° 84.28° 0.01

NFE 49.90° 48.04° 50.27° 50.00° 0.007
NDF 68.15° 66.29° 65.18° 64.50° 0.017
ADF 54.26° 51.38° 51.09° 52.06° 0.003
ADL 13.78° 12.65° 12.34° 1233 0.003
Cellulose 40.48° 38.73° 38.75° 39.73° 0.003
Hemicellulose 13.89° 14.93" 14.09" 12.44° 0.003

a,b,c,d - means on the same row with different superscripts are significantly varied (P < 0.05)

121



the treated straw agrees with the findings of Farkas (1979),
Jackqueline and Viser (1996) who stated that the extracellular
enzymes secreted by the fungus contain amorphous homo and
hetero polysaccharides which is often in association with protein
(fungal protein). The increment obtained in CP comparable to the CP
contents of most tropical cereal crops. This is also consistent with
the findings of Akinfemi (2009) who observed an increase in the CP
contents of maize husk when treated with white-rot fungi. On the
contrary, the crude fibre decreased consistently in all the fungal
treated substrates. This decrease could be due to the ability of the
fungi to secrete hydrolyzing and oxidizing enzymes, which could
convert the recalcitrant compounds in the waste into utilizable
compounds (Kadiri, 1999; Albores et al., 2006)). This observation is
consistent with the findings elsewhere (Akinfemi, 2010b; Akinfemi,
2010c; Jonathan, 2002). Similar decreases were obtained in the
values of neutral detergent fibre (NDF), acid detergent lignin (ADL)
and acid detergent fibre (ADF). This could be indicative of the
degradation of the cell wall components of the substrates produced
by the extracellular enzymes of the fungi used (Albores et al., 2006).
Previous authors concluded that lignification of structural
polysaccharides not only inhibited ruminal microbial digestion of
polysaccharides by forming 3-D matrix, but also that the presence of
highly lignified tissues formed a physical barrier preventing the
accessibility of the otherwise highly digestible tissues to the action of
hydrolytic enzyme of the rumen microorganisms (Karunanada et al.,
1995), and have shown that increased digestibility was associated
with the degradation of structural carbohydrates (Kukherjee and
Nandi, 2004).

Gas volume and gas production characteristics: cumulative gas
volume at 24h, 48h and 72h after incubation and gas production
characteristics are shown in Table 2. The results indicated that
cumulative gas volumes at 24, 48 and 72h after incubation were
significantly different (P<0.05). The gas volumes (24 and 72h)
ranked from the highest to the lowest was: PPA, PTA, POA and
control.

Menke et al., (1979) suggested that gas volume at 24h after
incubation is indirect relationship with metabolizable energy in
feedstuffs. Sommart et al., (2000) confirmed that gas volume is a

good parameter from which you predict digestibility, fermentation
end product and microbial protein synthesis of the substrate by
rumen microbes in the in vitro system. Therefore, the high gas
volume obtained in the treated substrate implies that the fungal
treated acha was more digestible than the untreated straw and this
further suggest that feed intake and growth rate is likely to be
enhanced. Gas volume was reported to have a close relationship
with feed intake (Blummel and Becker, 1997) and growth rate
(Blummeland Orskov, 1993).

The gas volume at asymptote (b) described the fermentation of
the insoluble but degradable fraction. The fermentation of the
insoluble but degradable fraction (b) of the fungal treated acha straw
differed. The fermentation of the insoluble but degradable fraction
(ml) of the control, PPA, PTA and POA were 24, 31, 28 and 28,
respectively. It can be seen that gas production at asymptote of the
fungal treated acha straw was high compared to the untreated straw,
possibly a reflection of the reduced lignin and fibre contents. The
high fermentation of the insoluble fraction (b) could possibly be
influenced by the carbohydrate fractions readily available to the
microbial population (Chumpawadee et al., 2007). Deaville and
Givens (2001) have also reported that kinetics of gas production
could be affected by carbohydrate fraction. The fast rates of gas
production (c) were observed in POA and PTA while the rates
observed in PPA and the control were not significantly different. The
availability of carbohydrate fractions readily available to the
microbial population (Chumpawadee et al., 2007) has been cited as
the reason for fast rates of gas production. But for PPA, it is not so,
and this may be probably due to specie differences or, physiological
behavior of the fungi or type of substrate. This and other reasons
may explain the slower rate in PPA.

Estimated Organic matter digestibility (OMD), short chain fatty
acid (SCFA) and metabolizable energy: The results obtained for the
estimated OMD, SCFA and ME is presented in Table 3. The
estimated OMD ranged from 48.34% in the control to 53.71% in
PPA. Higher values were obtained for all the estimated parameters
in the treated straw except for ME in the control which was not
significantly different from POA. The high value of estimated OMD in
the treated could be due to the improvement in the contents of CP,

Table 2. Gas volume and in vitro gas production characteristics of acha straw

Parameters Control PTA PPA POA SEM
c(h’) 0.0255° 0.0298° 0.0141° 0.0334° 0.001
b (mL) 24 28° 31 28" 0.33
Gv 24 34° 39" 41° 37 0.33
Gv48 42° 58° 51° 50° 0.33
Gv72 54° 60" 62° 56° 0.33

a-d, means on the same row with different superscripts are significant (P<0.05).

Table 3. Estimated organic matter digestibility (OMD %), short chain fatty acid mol, metabolizable energy (ME) (M]/kg DM)

of fungal treated and untreated acha straw.

Parameters Control PTA PPA POA SEM
ME (MJ/kg DM) 7.29° 8.05° 8.05° 7.29° 0.003
SCFA (uM) 1.41° 0.87° 1.53° 149 0.003
OMD (%) 48.34° 52.77° 53.71° 48.34° 0.003

a,b,c,d - means on the same row with different superscripts are significant (P<0.05).
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CF and Lignin and this implies that the microbe in the rumen and
animal have high nutrient uptake. On the other hand, lower OMD
value in the control could be traced to its high CF content since high
NDF and NDL content in feedstuffs results in lower fiber degradation
(Van Soest, 1988).

In general, tropical forages and concentrates feedstuffs have a
large proportion of lignified cell walls with low fermentation rates and
digestibility, leading to low digestibility rates and limited intake
(lbrahim et al., 1995; Hindrichsen et al., 2001). This information is
also applicable to tropical crop residues. The SCFA (uM) predicted
from gas production were 0.87, 1.41, 1.49, and 1.53 for PTA,
Control, POA and PPA, respectively. It can be stated from the result
obtained in this study for SCFA, that gas production of fungal treated
crop residue incubated in vitro in buffered rumen fluid is closely
related to the production of SCFA. Since SCFA is an indicator of
energy availability to the animal, the high values recorded for the
treated straw therefore suggests, a potential of more energy
available to the animal. Estimated ME of fungal treated acha straw
was founded to be similar with those reported (Akinfemi et al.,
2010c). Menke and Steingass (1988) reported a strong correlation
between ME values measured in vivo and predicted from 24h in vitro
gas production method has also been widely used to evaluate the
energy value of several classes of feed (Getachew et al., 1998;
Getachew etal., 2002). Estimation of ME by in vitro gas production is
desirable especially in the developing countries such as Nigeria
where fund for in vivo studies is limiting. This is because in vitro
method of feed evaluation will reduce cost, labour and time.

Conclusion

From the results obtained in this study, that fungal treatment of
acha straw resulted in improved crude protein, crude fibre contents
and increased digestibility, implying that fungal treated acha straw,
can be included with other feedstuffs in the diet of small ruminants.
Evaluation of the nutritive value of feedstuffs using in vitro gas
production technique is achievable in north central Nigeria. Fungal
treatment of acha straw can be recycled into useful ruminant feeds.
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