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ABSTRACT 
 

The potentials of groundnut shells bioconverted using white rot fungus, Pleurotus tuber-regium as feed for growing 

West African Dwarf goats was evaluated in this study. Samples of ground nut shells were degraded using Pleurotus 

tuber regium for 30 days and then analyzed for proximate and crude fibre fractions. Twenty intact West African dwarf 

goat (WAD) bucks weighing between 6.0-6.5 kg were randomly allocated to five treatment diets containing varying 
levels of undegraded ground nut shells (UGNS) and Pleurotus tuber regium biodegraded ground nut shells (PT-GNS) 

in a Completely Randomized Design for the feeding trial. The totally mixed rations for the study were formulated 

using maize offal, brewers dried grain, soy bean meal, palm kernel cake, bone ash and salt with the pleurotus tuber 

regium biodegraded ground nut shells replacing undegraded ground nut shells at 0.0% (T1), 3.75% (T2), 7.50% (T3), 

11.25% (T4) and 15.00% (T5). Result showed that fungal degradation increased the crude protein, ether extract, 

nitrogen free extract and ash contents but reduced the dry matter, crude fibre, neutral detergent fibre, acid detergent 

fibre, acid detergent lignin, cellulose and hemicellulose contents Parameters measured in the feeding trial included 

average daily feed intake, average daily body weight gain, final body weight and feed conversion ratio. The result of 

the feeding trial which lasted for 84 days showed significant difference (P<0.05) in all growth performance parameters 

in favour of the bucks in T5 whose values were 213.04 g against 198.48, 189.70, 199.79 and 203.61g for T1, T2, T3 

and T4 for average daily feed intake; 83.42 g against 36.10, 45.98, 51.75 and 65.68 g for T1, T2, T3 and T4 for 
average daily weight gain; 13.05 kg against 9.19, 9.98, 10.31, 11.65 and 13.05 kg for T1, T2, T3 and T4 for final body 

weight and 5.65 against 8.55, 7.55, 7.07 and 6.73 for T1, T2, T3 and T4 for feed conversion ratio. It was thus 

concluded that the pleurotus tuber regium biodegraded groundnut shell inclusion in diets enhanced the growth 

performance of the goats. It was finally recommended that ground nut shells should be biodegraded using pleurotus 

tuber regium before inclusion in diets of West African Dwarf goats.  
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INTRODUCTION 

 

Processing of crops to obtain the product of interest 

usually generates residues as by products. In ruminant 

nutrition, some of these residues are very useful due to 

their nutritive value and the potentials of supplying 
nutrients to the animals especially in conditions of feed 

scarcity (Zarah et al., 2013). One of such crop residues is 

ground nut shell which is found in copious quantities all 

over Nigeria; its proximate composition was reported by 

Akinfemi, (2010) who also concluded that it cannot be fed 

as a sole feed due to its nutritional inadequacy (low crude 

protein and high fibre content) unless exposed to one form 

of treatment or another like biological, chemical and /or 

physical treatments. It has been demonstrated by some 

workers (Akinfemi, 2010; Abdulrazak et al., 2014) that 

various treatments of groundnut shells could improve the 

nutritional content, reduce the anti nutritional factors and 

increase its utilization by ruminant animals. The 
superiority of biological treatment of agricultural wastes 

over other methods has been emphasised (Akinyele and 

Agbro, 2007) with additional benefits of elimination of 

foul odour as well as poisonous and polluted air (Obadina 

et al., 2006) were the shells left on refuse heaps to either 

ferment or burnt. The use of white rot fungi and other 

micro organisms to convert lignocelluloses and other 
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industrial wastes into feedstuffs rich in protein is possible 

due to the ability of the micro organisms to grow very fast 

on the substrate (Obadina et al., 2006; Sabry, 2007). 

These authors further observed that their ability to grow in 

slurry or on solids and their nutritional values, present 

them as good as other conventional foods rich in protein. 

Edible fungi are able to bioconvert a wide variety of 

lignocellulosic materials due to the secretion of 

extracellular enzymes (Buswell et al., 1996). 

Ruminants in the tropical region of the world are still 
plagued by poor nutrition due to low nutrient profiles of 

crop residues which are the major source of feeds, 

especially during the dry season (Ekundayo and Idzi, 

2005; Babayemi, 2006; Akinfemi, 2010). However, from 

the processing of ground nut, the shells are generated as a 

waste product; bioconverting them to livestock feeding 

will reduce the environmental hazard of burning them and 

also help in providing better quality feedstuff for ruminant 

animals. The objective of this study was to determine the 

effect of feeding diets containing groundnut shells 

bioconverted by Pleurotus tuber regium on performance 
of growing West African Dwarf (WAD) goats. 

 

MATERIALS AND METHODS 

 

Collection of groundnut shells and Pleurotus tuber-

regium (PTR) 

Groundnut Shells were obtained from the Eggon 

Women Groundnut Oil Processing Industry, Nasarawa 

Eggon L.G.A, Nasarawa State. They were milled to 

reduce the particle size and create greater surface area for 

microbial activity. Tubers of PTR were obtained from 

Lafia Modern Market, Lafia, Nasarawa State.  
 

Treatment of groundnut shells with Pleurotus tuber-

regium 

Treatment of shells of ground nut with Pleurotus 

tuber regium was done using the procedure of Wuanor 

and Ayoade (2017). 

 

Formulation of experimental diets 

Five experimental diets were formulated using maize 

offal, brewers dried grain, soy bean meal, palm kernel 

cake, bone ash and table salt with Pleurotus tuber regium 
degraded ground nut shell (PT GNS) replacing 

undegraded ground nut shell (UGNS) at 0.00% (T1), 

3.75% (T2), 7.50% (T3), 11.25% (T4) and 15.00% (T5) 

(Table 1). 

 

Chemical evaluation of treatment diets 

Samples of treatment diets were subjected to proximate 

analysis for crude protein (CP), crude fibre (CF), ether 

extract (EE) and ash according to procedures of AOAC 

(2002). Neutral Detergent Fibre (NDF), acid detergent fibre 

(ADF) and Acid Detergent Lignin (ADL) were also 

determined using Van Soest et al. (1991) method.  
 

Growth performance of West African Dwarf goats 

(WAD) fed diets containing fungi bioconverted and 

untreated groundnut shell 

Experimental Site 

The study was conducted at the Farm Unit of the 

College of Agriculture, Lafia, Nasarawa State. Lafia is 

located on Latitude 080 North, Longitude 080 East and 

Altitude 164.5m in the guinea savannah vegetation with 

its sandy loam soil texture (Akwa et al., 2007). 

 

 
 

Plate 1: Groundnut shells. 

 

 
 

Plate 2: Milled groundnut shells. 

 

 
 

Plate 3: Close view of Pleurotus tuber-regium degraded 

groundnut shells. 
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Table 1: Composition of Experimental Diets Containing Pleurotus tuber regium Bioconverted Groundnut shells Fed to West African 
Dwarf Goats (%) 

Ingredient Experimental diets 

1 2 3 4 5 

PT GNS 0.00 3.75 7.50 11.25 15.00 
UGNS 15.00 11.25 7.50 3.25 0.00 
Maize offal 25.00 25.00 25.00 25.00 25.00 
Brewers dried grain 25.00 25.00 25.00 25.00 25.00 
Soy bean meal 12.00 12.00 12.00 12.00 12.00 
Palm Kernel cake 20.00 20.00 20.00 20.00 20.00 
Bone ash 2.00 2.00 2.00 2.00 2.00 
Table salt 1.00 1.00 1.00 1.00 1.00 
Nutrient Composition 
Dry matter 92.48 90.73 89.36 91.62 88.25 
Crude protein 14.16 16.44 16.82 17.24 17.58 
Crude fibre 18.11 16.60 16.46 15.21 14.86 
Ether extract 3.29 5.30 5.28 5.72 6.46 
Nitrogen free extracts 52.55 48.28 45.08 46.71 47.39 
Ash 4.37 4.11 4.61 4.48 5.33 
NDF 42.66 36.65 34.83 36.51 34.18 
Acid detergent fibre 24.51 19.47 17.28 18.13 17.55 
Acid detergent lignin 7.31 6.37 6.05 6.94 6.63 
Hemeicellulose 18.15 17.18 17.65 18.38 16.63 
Cellulose 17.20 13.10 11.23 11.19 10.92 
ME (Kcal/Kg) 2428.54 2634.28 2851.11 3104.92 3420.1 

PT-GNS = Pleurotus tuber-regium groundnut shell, UGNS = untreated groundnut shells. T1 = 0.00% PT-GNS, T2 = 3.75% PT-GNS 
T3 = 7.50% PT-GNS T4 = 11.25% PT-GNS, T5 = 15.00% PT-GNS. NDF = Neutral Detergent Fibre; ME = Metabolizable Energy 
(Pauzenga, 1985). 

 
Table 2: Effect of fungal biodegradation on proximate and fibre 
fractions of ground nut shell (%) 

Nutrient Undegraded 
ground nut shell 

Degraded ground 
nut shell 

Dry Matter 92.60 88.88 
Crude protein 4.42 8.52 
Crude fibre 56.46 26.41 
Ether extract 0.50 0.52 
Ash 2.50 4.14 
Nitrogen free extracts 44.87 60.41 
Neutral detergent fibre 68.41 61.40 
Acid detergent fibre 52.11 48.86 
Acid detergent lignin 8.21 5.27 
Hemicellulose 16.30 12.54 
Cellulose 43.90 43.59 

 

Management of experimental animals 

A total of twenty (20) intact West African Dwarf 

(WAD) goat bucks having an average weight of 6.5 kg 

were sourced within Lafia L.G.A, Nasarawa State for use 

in the study. A week to their arrival, the pens were swept, 

washed and disinfected using the disinfectant solution 

(Morigard). The feeding and drinking troughs were all 

properly washed and sun-dried. Two weeks before the 

commencement of the experiment, the animals were 

vaccinated against Peste de Petits Ruminant using PPR 
vaccine, administered subcutaneously at 1.0 ml/10kg body 

weight. The goats were given a prophylactic dose of the 

antibiotic Tridox L.A to prevent infection by parasitic 

organisms. The animals were also dewormed using 

ivomectin, administered intramuscularly at 3.0 ml/10 kg 

body weight. The animals were then weighed and 

randomly distributed into five treatment groups of four 

animals per treatment, each animal serving as a replicate. 

Fourteen days were allowed for adjustment to the feed as 

well as the environment before data collection 

commenced. The experimental diets as well as drinking 
water were offered ad libitum to the goats housed in 

individual pens for a period of 84 days.  

Data collection 

 Daily feed intake was calculated by subtracting the 
quantity of feed not consumed from the amount given. 
Weekly weight gain was calculated weekly by subtracting 
the final weight from initial weight. Feed conversion ratio 
(FCR) was calculated using the formula: Total feed 
intake/total weight gain. 

 

RESULTS  

 

Effect of Fungal Biodegradation on Proximate and 

Fibre Fractions Composition (%) of Groundnut Shells 

Proximate composition of untreated groundnut shells 
(UGNS) and groundnut shells biodegraded using the white 
rot fungus Pleurotus tube-regium are presented in Table 2. 

Fungal biodegradation increased the crude protein 
(CP) content from  4.43 to 8.52%, translating to a 92.33% 
increment in crude protein value relative to the CP of 
untreated groundnut shells (4.43%). The high value of 
crude fibre (CF) 56.46% in UGNS was reduced to 26.41% 
in PT-GNS. NFE of UGNS (44.87%) increased to 60.41% 
in the PT-GNS substrate. Ether extract (EE) showed an 
increase from 0.50% in UGNS to 0.52% in PT-GNS. Ash 
content increased from 2.50% in the UGNS to 4.14% in 
the PT-GNS respectively. Dry matter (DM) samples 
showed a decrease from 92.60% in UGNS to 88.83% in 
the PT-GNS respectively. There was a decrease in all the 
values of fibre fractions neutral detergent fibre (NDF), 
acid detergent fibre (ADF) and acid detergent lignin 
(ADL) for the biodegraded groundnut shells. NDF 
decreased from 68.41% in UGNS to 61.40% for PT-GNS. 
The ADF also decreased from 52.11% in UGNS to 
48.46% for PT-GNS. ADL declined from 8.21% in UGNS 
to 5.27% for PT-GNS. Pleurotus tuber-regium 
biodegraded groundnut shells showed lower cellulose 
value of 43.59% when compared to UGNS 43.90%. 
Hemicellulose also showed a decrease, declining from 
16.30% in UGNS to 12.54% for PT-GNS. 
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Table 3: Performance of West African Dwarf Goat bucks fed diets containing Pleurotus tuber regium biodegraded ground nut shells 

Parameter Dietary treatments   

T1 T2 T3 T4 T5 SEM LOS 

Initial body weight 6.16 6.11 6.12 6.11 6.00 0.05 NS 
Average feed intake (g) 198.48d 189.70c 199.79b 203.61a 213.04a 6.57 * 
Total feed intake (kg) 16.67 16.74 16.78 17.10 17.90 0.42 NS 
Average daily body weight 

Gain (g) 36.10d 45.98c 51.75b 65.68a 83.42a 4.67 * 
Total body weight gain (kg) 3.30d 3.68d 4.33c 5.51b 7.01a 0.39 * 
Final body weight (kg) 9.19d 9.98c 10.30c 11.63b 13.05a 0.39 *  
Feed conversion ratio 8.85a 7.55b 7.07b 6.73c 5.65d 0.58 * 

a,b,c,d,e – Means on the same row with different superscripts differ significantly (P<0.05). T1=0.00% PT-GNS, T2=3.75% PT-GNS 
T3= 7.50% PT-GNS T4= 11.25% PT-GNS, T5= 15.00% PT-GNS. SEM = Standard error of the mean; LOS = Level of significance; 
ns = Not significantly different (P>0.05); *= Significantly different (P<0.05). 

 

The proximate composition and cell wall fractions of 

the treatment diets 

The proximate composition and fibre fraction of diets 
containing fungal treated and untreated groundnut shells 
are presented in Table 1. The dry matter (DM) values 

ranged from 88.25 % (PT-GNS) to 92.48 % (UGN); it 
was highest in diet 1, followed by diets 4 and 2 and then 
diet 3 while the lowest value was obtained for diet 5. 
Inclusion of fungal biodegraded groundnut shells caused 
increase in crude protein values which were such that the 
least value was observed in diet 1 and the highest value 
for diet 5; the crude protein content of the treatment diets 
increased with increasing level of PT-GNS. The crude 
fibre (CF) content of the treatment diets ranged from 

14.86 % in diet 5 to 18.11 in diet 1 showing that increased 
inclusion of the fungal biodegraded groundnut shells 
caused a decrease in crude fibre values. Ether extract 
values ranged from 3.29% in diet 1 to 6.46% in diet 5; 
they also increased with increased inclusion of the fungal 
biodegraded groundnut shells in the diet. The neutral 
detergent fibre (NDF) values of the treatment diets were 
highest in diet 1 and generally decreased in the PTGNS 
included diets, being lowest in diet 3. Ash component 

values of the treatment diets were highest in diet 5 and 
lowest in diet 2; in general there was an increase in ash 
values corresponding with increases in PTGNS inclusion 
in the diets. Neutral detergent fibre profile showed a 
decrease as PTGNS inclusion increased; the values were 
highest in diet 1, followed by diets 2 and 4, then diet 3 
while diet 5 recorded the least value. Acid detergent fibre 
values of the diets decreased with increasing PTGNS 
inclusion in the diets and ranged from 17.28% in diet 3 to 

24.51 in diet1. Acid detergent lignin profile of the diets 
showed that they were highest in the UGNS included diet 
(1) and lowest in diet 3. The hemicellulose values 
appeared to be decreasing with increasing PTGNS 
inclusion (except diet 4). The cellulose values of the diets 
also decreased with increasing PTGNS inclusion. The 
Metabolizable energy of the treatment diets showed an 
increasing pattern with increase in PTGNS inclusion; they 

were least in diet 1 and increased across board to a peak in 
diet 5.  
 

Performance of WAD bucks fed untreated and fungal 

treated groundnut shells 

The growth performance parameters of WAD bucks 
fed diets containing untreated and biodegraded groundnut 
shells are shown in Table 3. The average daily feed 
intake, average daily weight gain, total weight gain, final 
weight and feed conversion ratio were significantly 

(P<0.05) enhanced by dietary treatments while the total 
feed intake did not show any significant difference 
(P>0.05). Average daily feed intake values ranged from 
189.70 g in diet 2 to 213.04 g in diet 5; the values 
increased with increasing PTGNS inclusion. The total 
feed intake values generally increased with increasing 
PTGNS inclusion being least in diet 1 and highest in diet 
5. The average daily body weight gain values steadily 
increased across board, increasing with increased PTGNS 
inclusion in the diets; they were lowest in diet 1 and 
highest in diet 3, a pattern that was repeated by total body 
weight gain and final weight. Feed conversion ratio values 
steadily decreased across board, being highest in diet 1 
and lowest in diet 5. 

 
DISCUSSION 

 

Proximate and fibre fractions composition of 

untreated and fungal treated groundnut shells. 

Solid State fermentation improved the crude protein 
(CP) from 4.43 in untreated groundnut shells to 8.25 % in 
fungal treated groundnut shells. CP increase has been 
reported to be associated with increased fungal biomass, 
capture of excess nitrogen by aerobic fermentation, 
secretion of enzymes by the fungi and their consequent 
metabolism and addition of fungal mycelia into the 
substrates (Chen et al., 1990; Kadiri, 1997; El Shafic et 
al., 2007; Akinfemi et al., 2010). The increase in ether 
extract fraction may be caused by reduction in other 
proximate components which would have caused an 
increment in the ether extract on percentage basis as well 
as contribution of some ether extract by the fungus during 
the fermentation process. Increase in nitrogen free extracts 
was reasoned to be caused by breakdown of the fibrous 
components into simpler carbohydrates so as to provide 
energy (Sallam et al., 2007) while increase in ash content 
could be attributed to addition of minerals from the fungus 
into the substrate. The increment in ash values for the 
treated shells also indicates that more minerals and 
vitamins were available after degradation. This 
observation is consistent with the report of Akinfemi et al. 
(2009) who reported improved values for ash when maize 
husk was degraded using different species of white rot-
fungi. The decrease in crude fibre, neutral detergent fibre, 
acid detergent fibre, acid detergent lignin, cellulose and 
hemicellulose is ascribed to efficiency of the fungus in 
secreting enzymes that broke down those components 
(Karunnanada and Verga, 1996). Akinfemi et al. (2010) 
reported that cell wall fractions percent were decreased 
when peanut husk was treated with Pleurotus otsreatus 
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and Pleurotus pulmonarius. The decrease in these fibre 
fractions is also consistent with the reports of other 
workers (Singh and Gupta, 1990; Dhanda et al., 1994; El 
Ashry et al., 2002; Mahrous 2005). 
 

Proximate composition and crude fibre fractions of the 

treatment diets fed to WAD bucks 

In general, the proximate composition of the 
treatment diets containing untreated groundnut shells 
(UGNS) and fungal treated groundnut shells (PT-GNS) 
revealed the potentials of the diets containing fungal 
treated shells as good feed materials for goats. The dry 
matter (DM) content of the treatment diets ranged from 
88.25 % (T5) and 92.48 % (T1), these values are 
comparable to 86.38 – 93.94 % reported by Akinfemi et 
al. (2008) for enhancement of the nutritive value of maize 
leaf treated with white rot fungi. Differences in the DM 
may be as a result of the composition of the diets. The 
crude protein contents of the experimental diets surpassed 
the minimum crude protein requirement (8%) by rumen 
microbes for optimum activity (Uza et al., 2005). The 
crude protein (CP) of the treatment diets increased with 
increase in PT-GNS inclusion. The crude fibre (CF) was 
higher in T1 which had no inclusion of PT-GNS than in 
the diets where PT-GNS was included thereby 
emphasizing the advantage of the biological degradation. 
The nitrogen free extracts of the treatment diet varied. 
This variation could be attributed to the influence of 
graded levels of bioconverted and untreated groundnut 
shells upon the diets because NFE mixture contained not 
only starches but some proportion of hemicellulose and 
lignin (Khan et al., 2003). 

Neutral detergent fibre values of treatment diets 
decreased with increasing amount of PT-GNS. The 
decrease in neutral detergent fibre was however not too 
rapid as to cause any challenge because David (2012) 
reported that in order to maintain optimal roughage 
digestion, ruminant diets should contain a minimum of 20 
% NDF on a dry matter 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 general reduction in the acid 
detergent fibre, acid detergent lignin, hemicellulose and 
cellulose also underscored the nutritional advantage and 
superiority of the biological treatment. According to 
David (2012), diets with lower values of acid detergent 
fibre are an indication of good nutritional quality. 
 

Performance of West African Dwarf goats fed diets 

containing pleurotus tuber regium biodegraded 

ground nut shell 

The average daily feed intake profiles of the 
experimental goats showed that increasing levels of 
inclusion of biodegraded ground nut shells improved feed 
intake over that of the untreated ground nut shells. This is 
reasoned to be caused by improved nutrient value of the 
treated groundnut shells, particularly reduction in the 
crude fibre and fibre fractions which encouraged greater 
feed intake. Average daily weight gain values obtained in 
this work were more or less a reflection of the average 
daily feed intake profiles. In general, the weight gain 
improved with PT-GNS intake as against UGNS. This 
pattern of body weight gain is reasoned to be attributed to 
the relatively better nutrient density, digestibility and 

availability. Eniolorunda et al. (2008) reported that 
superior body weight of goats could be caused by diets 
providing the best balance of nutrients for growth and 
development. According to Devendra and Burns (1993) 
plane of nutrition markedly affects body weight gain. 
Values of body weight gain reported in this work are 
however comparably inferior to those reported by Oboh 
(2006) for West African Dwarf goat bucks fed cassava 
peels treated with mixed culture of Saccharomyces 
cerevisae and Lactobaccilus spp. The final body weight 
gain values showed an increasing trend as amount of PT-
GNS offered increased and reflect availability of nutrients 
for tissue build up. The values are comparable to those of 
Devendra and Burns, (1993) and Barde, (2012). The feed 
conversion ratio profile showed that inclusion of the 
biodegraded groundnut shells in diets reduced the amount 
of feed that was used in gaining unit of body weight gain. 
This supports the assertion that use of microbial degraded 
crop residues leads to improved feed intake, body weight 
gain and better feed conversion ratio. The feed conversion 
ratio values obtained in this work are lower than those of 
Barde (2012) but notice is taken of differences in feeds. 
 

Conclusions 

From the result obtained in this study, groundnut 
shells have been shown to be a good feed material for 
inclusion in diets of West African Dwarf goats, when 
treated with white rot fungus (Pleurotus tuber-regium) in 
the solid state fermentation. Undegraded groundnut shells 
are lignocellulosic in nature and poor in protein content, 
so cannot support rumen microbes for optimum activity. 
The results obtained in this study conclusively 
demonstrated that: 
1. Solid state fermentation increased the proximate and 

fibre fractions compositions of Pleurotus tuber 
regium biodegraded groundnut shells compared with 
the untreated ground nut shells. 

2. Incorporation of PT-GNS up to 15% did not negatively 
affect the performance of the bucks. 
 

Recommendations 

It was recommended that: 
a. Groundnut shell should be biodegraded using 

Pleurotus tuber regium before incorporation into 
diets of West African Dwarf goats. 

b. Pleurotus tuber regium biodegraded ground nut shells 
can be included up to 15% in diets of West African 
Dwarf goats without any deleterious effects on 
growth performance parameters.  
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