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Introduction 
he cost of providing adequate and balanced diet 

for livestock in most developing countries is 

continually increasing sequent to the high cost 

of feed ingredient used in the formulation of such feeds 

(Jirgi and Abeke, 2018). Nutritionist globally are now  
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faced with the challenges of sorting for alternative but cheaper feed resources 

to be incorporated either partially or totally in the livestock feed (Makinde et 

al., 2014; Ojediran et al., 2022a). Aside from the on-going search and discovery 

of these alternative (agricultural or industrial) by-products, their preparation 

to make them acceptable and digestible by the animals is another major 

concern (Dairo and Egbeyemi, 2012). Most of these feedstuff are either 

composed of fibrous materials or inhibitors that is capable of decreasing their 

nutrients digestibility (Adesheinwa et al., 2011). Measures to be adopted to 

make them suitable for livestock consumption become very important. Some 

of the treatment methods adopted includes chemical and biological 

treatments such as urea-molasses treatment (Williams et al., 2022; Mafimidiwo 

dietary treatments.  Random allotment was done into 15 pens and each 

treatment contains 6 pigs with 3 replicates of 2 pigs each. The diets 

formulated consists of a standard basal diet (Control; wheat offal based 

without SSFRH) and SSFRH replaced wheat offal in other diets at 25, 50, 75, 

and 100% levels in a standardized grower pigs diet. Performance was 

measured for 16 weeks of the feeding trial and carcass measurement was 

done at the end of 16th week of the experiment. The cut parts and organs 

were expressed as % of live weight (% LW). All data collected were subjected 

to analysis of variance in a completely randomized design. The total weight 

gain (TWG) increased (P<0.05) for pigs fed control diet (66.47 kg) followed 

by those fed diets containing 25% (65.83 kg) and 75% (65.67 kg) SSFRH. The 

replacement of SSFRH at 25 and 75% for wheat offal in the diet of pigs 

resulted in better (P<0.05) feed conversion ratio (FCR). The inclusion of 50% 

SSFRH in the diet of pigs resulted in live weight (LW) and dress weight (DW) 

gain comparable to the control while pigs fed diet with 100% SSFRH had 

reduced (P<0.05) LW and DW.  It was concluded that SSFRH can replace 

wheat offal up to 75% in the diet of growing pigs without any adverse effect 

on performance and carcass weight. 
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et al., 2022a), fungal treatments (Nwafor and Ejukonemu, 2004, Mafimidiwo et 

al., 2022b) and enzymes treatment (Olayemi and Bamgbose, 2004) 
Pig is one of the animal with higher feed efficiency, converting waste (kitchen, 

agricultural and industrial) into edible meat (Rohella et al., 2015). Its high level 

of prolificacy is unequalled to that of cattle, sheep and goats (Adesheinwa, 

2008) and therefore its production stands as one of the way out of the problem 

of shortage in animal protein intake by the growing populace (Moughan, 2021). 

However, the challenge still largely falls on the high cost of feeding. Intensive 

pig production relies on conventional feed ingredients including fibre sources 

such as wheat offal which is a global fibre source to all classes of livestock 

(Gidenne and Michalet-Doreau, 2002). Based on the high demand for this 

product, it has become so expensive and scarce to come by recently (Asar et 

al., 2010). An alternative fibre source which can be explored in the feeding of 

pigs is rice husk which is a by-product of rice processing. 

Rice husk is the hard outer covering of the rice grain which is isolated during 

the milling process (Singh, 2018) and it accounts for 20% of the global total rice 

production which is about 759.6 million  metric tons according to the Food and 

Agriculture Organization (FAO, 2020). This rice waste generated from rice 

production may become an environmental menace and pollutant if not 

channeled for utilization. Rice husk is a cellulose-based fiber and contains 

approximately 20% silica in amorphous form (Mansaray and Ghaly, 1998). The 

mineral constitution by percentage weight of rice husk is 41.92% C, 6.34% H, 

1.85% N, and 0.47% S (Biswas et al., 2017). Rice husk is reported to contain 2.51% 

carbohydrate, 25.82% ash but low in crude protein (2.51%) and high in fibre 

(29.09%) (Ekwe, 2013). Pigs are capable of utilizing fibrous feed stuff but high 

fiber inclusion in the diet of the pigs is capable of reducing nutrient digestibility 

(Amaefule et al., 2009) thus resulting in reduced performance due to low net 

energy value from the diet (Ojediran et al., 2022b).Therefore, the incorporation 

of rice husk as a cheap fiber sources in pigs diet due to its inherent high fiber 

content will require a major treatment to improve its protein content, reduce 

its anti-nutritional content and to enhance its digestibility. 

Solid state fermentation (SSF) of agro-industrial residues has been proposed 

as a suitable pre-treatment that could allow the use of this product as animal 

feed. The use of agro-industrial by-product as non-inert support has also 
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rendered the entire process economical (Pandey et al., 2000). Solid state fungal 

fermentation utilizing agro-byproduct as substrate can modify the chemical or 

physico-chemical properties of the substrates as well as degrading the 

substrate by producing a wide range of enzymes (Chiang et al., 2010). Solid-

state culture conditions using fungal strains (Trichoderma longiobrachiatum) 

led to a significant increase in protein level, and a decrease in cellulose and 

hemicellulose of fibrous byproduct (Iluyemi et al., 2006). Dairo et al (2017) 

reported that breaking of the lignin content and reduction of tannin was 

achieved when fungal strain was used in solid state fermentation of fibrous 

feed ingredient.  

Considering the need for degradation of agro-industrial byproduct for use in 

livestock feeding, the current study was undertaken to investigate the 

influence of solid state fermented rice husk using Pleurotus ostreatus as 

replacement for wheat offal on performance and carcass characteristics of 

growing pigs. 

 

Materials and Methods 

Experimental site and test materials 

The experiment was carried out at the Teaching and Research Farm of Yaba 

College of Technology, Epe campus (latitude 6.58oN, Longitude 3.98oE.) which 

lies on Km 11 Epe-Ijebu Ode road, Epe Lagos Nigeria. (Google Earth, 2022).  

 

Sourcing of test materials 

Rice husk was procured from Lagos State rice processing factory at Itoikin and 

was properly sundried and milled using 2mm sieve and stored in airtight bags 

until when needed. Fungi strain of Pleurotus ostreatus were procured from the 

Forest Research Institute of Nigeria (FRIN) Ibadan, Oyo State, Nigeria and kept 

in the refrigerator until usage.  

 

Experimental Animals and management 

Thirty male mix breed (Landrace × Large white) weaned pigs of about  8-10 kg 

body weight (60-75 days old) were purchased from Joan Exclusive Treasures 

Farm, Mojoda in Epe local government area of Lagos State and brought into 

the Teaching and Research Farm of Yaba College of Technology, Epe, Lagos. 
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Fifteen pens were washed and disinfected before the arrival of the pigs to 

prevent infections. On arrival, recommended routine medication (deworming 

and delousing) programs were administered on them. They were allowed to 

stabilize for seven days and were fed diets formulated to meet their nutrient 

requirements (NRC, 2012) before the commencement of the feeding trial. 

 

Procedures for preparing solid state fermented rice husk (SSFRH) 

The rice husk was mixed with water in a big plastic bowl at a ratio of 1:1(w/v) 

and stirred thoroughly to ensure uniform mixing. The moistened rice husk was 

sterilized to prevent the existence of other micro-organisms. Pure strains of 

Pleurotus ostreatus were used for the inoculation of the rice husk at inoculation 

rate of 2 × 107fungal spore per gram of rice husk. The inoculated substrate was 

placed in conical flask, air-sealed and the substrate was incubated at 30oC for 7 

days.  At the end of the incubation period, fermented rice husk was sterilized 

at 120oC for 20mins after which it was oven dried and the fermented rice husk 

was then sampled for chemical analysis 

 

Chemical analysis of test ingredients  

Samples of test ingredients (untreated rice husk (URH) and Solid state 

fermented rice husk (SSFRH)) were analysed. Ground samples were analysed 

for its proximate composition and fibre fractions by (AOAC, 2000) and Van 

Soest, (2006) respectively. The total polyphenol (Wright et al., 2000), flavonoid 

(Arvouet-Grand et al., 1994), extractable tannin (Hoff and Singleton, 1977) and 

saponin content (Edeoga et al., 2005) of samples were determined accordingly.  

 

Dietary treatments and Experimental animals:  

The pigs were randomly allotted on weight equalization basis into five (5) 

dietary treatments in a completely randomized design. The pigs were 

accommodated in 15 pens and each treatment contained 6 pigs in a 3 replicates 

of 2 pigs each. Five experimental diets were formulated for growing pigs (Table 

1). A standard basal diet Control (wheat offal based without treated rice husk) 

and treated rice husk was used to replace wheat offal at 25, 50, 75 and 100% 

replacement levels in a standardized grower pigs diet (NRC, 2012). Pigs in each 

group were assigned to their respective experimental diets and the 
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experimental trial was conducted for 16 weeks. During the experimental 

period, feed and water were supplied ad-libitum. The dietary treatments 

described as Diet 1 (Control; 0% SSFRH replacement level), Diet 2 (25% SSFRH 

replacement for wheat offal), Diet 3 (50% SSFRH replacement for wheat offal), 

Diet 4 (75% SSFRH replacement for wheat offal) and Diet 5 (100% SSFRH 

replacement for wheat offal). 

 

Table 1: Gross composition of experimental diet for growing pigs (g/100g DM) 

 Replacement level of SSFRH 

Feed Ingredients (%) (0%) (25%) (50%) (75%) (100%) 

Maize 30.00 30.00 30.00 30.00 30.00 

Soybean meal 12.00 14.00 15.50 17.50 20.00 

Palm kernel cake 15.00 13.00 11.50 7.50 10.00 

Wheat offal 39.00 29.25 19.50 9.75 -- 

SSFRH  - 9.75 19.50 29.25 39.00 

Bone meal 2.00 2.00 2.00 2.00 2.00 

Limestone 1.40 1.40 1.40 1.40 1.40 

*Vitamin/Mineral Premix 0.10 0.10 0.10 0.10 0.10 

Sodium Chloride 0.30 0.30 0.30 0.30 0.30 

Lysine 0.10 0.10 0.10 0.10 0.10 

Methionine 0.10 0.10 0.10 0.10 0.10 

Total 100.00 100.00 100.00 100.00 100.00 

Analysed nutrients (%)      

Crude protein  17.67 17.51 17.20 17.05 17.60 

Crude fiber 14.43 13.68 12.95 12.19 11.75 

Ether extract 4.77 4.55 4.36 4.15 4.14 

Ash 3.22 5.35 6.50 7.76 8.97 

* Vitamin/Mineral Premix: Vit. A. 5,500,000 (iu), Vit D3. 1500,000 (iu), Vit E. 

10,000 (mg), Vit.k3 1,500 (mg), Vit. B1, 1,600 (mg), Vit. B2 24,000 (mg), niacin 

20,000mg, pantothenic acid 5,000mg vit B6 1,500mg, Vit. B12 10mg, folic acid 

500mg, Biotin H2 750mg, chlorine chloride 175,500 mg, cobalt 200mg, copper 

300mg, iodine 1,000mg, iron 20,000mg, manganese 40,000 (mg), selenium 

200mg, zinc 30,000mg, anti- oxidant 1,250mg. 

SSFRH=Solid state fermented rice husk 
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Growth performance  

The growth performance of pigs were monitored and determined by 

measuring the weight gain, feed intake and feed conversion ratio (FCR). 

Body weight gain was calculated from the differences between the body 

weight for the given week and the previous week. Final weights was taken and 

recorded at the end of each periods of the experiment. 

Body weight gain (kg) = Final body weight (kg) – Initial body weight (kg)       

 

Feed intake was calculated by the difference between quantities of feed 

supplied and the left-over divided by the number of pigs.  

Feed intake = Feed supplied – Left-over feed         

                                  Number of pigs 

 

The feed conversion ratio of each of the group of pigs was determined by 

calculating the ratio of feed intake to weight gain. 

 

FCR =        Total feed intake (Kg)                   

                Total body weight gain (kg) 

 

Carcass measurements 

At the end of the 16th week of the experiment, fifteen pigs (i.e. a pig per 
replicate)  were selected randomly for carcass measurements. The pigs were 
starved of feed for 12 hours, weighed and manually slaughtered by cutting the 
jugular vein to allow proper bleeding. The slaughtered pigs were defurred and 
eviscerated to evaluate their carcasses. The carcasses were weighed while 
weights of the cut parts and organs were recorded and expressed as 
percentage of live weight (%LW). Dressing percentage was determined by 
dividing the dressed weight by the live weight and multiplied by a hundred 
Dressing percentage = Carcass weight     x   100      

                                             Live weight 

Statistical analysis 

The data collected was subjected to one-way analysis of variance (ANOVA) in a 

completely randomized design (CRD). The significance means were separated 
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and compared using Duncan Multiple Range Test (Duncan, 1955) of SAS (1999). 

Probability was considered at 5% level. 

 

Results 

The proximate, fiber fractions and anti-nutritional composition of untreated 

rice husk and the solid-state fermented rice husk is presented in Table 2. 

Table 2: Proximate, fiber fractions and secondary metabolites/ anti-nutritional 

composition of untreated rice husk and solid state fermented rice husk 

Parameters (%) URH SSFRH 

Proximate composition   

Crude Protein  3.91 6.05 

Crude Fibre  34.28 30.62 

Ether Extract  3.65 3.24 

Ash  19.44 19.45 

NFE  26.17 25.35 

ME/Kcal/Kg       1357.19 1376.13 

   

Fibre fractions   

Cellulose  41.42  36.48 

Hemicellulose  27.24 22.54 

Lignin 18.62 15.43 

Acid detergent fibre 19.43 20.56 

Neutral Detergent fibre                     49.57 41.97 

Acid detergent lignin 12.53 11.64 

   

Secondary metabolites/Anti-nutritional constituent   

Saponin 3.70 4.10 

Tannin 42.24 34.11 

Flavonoids  3.85 4.69 

Terpenoids 13.55 18.35 

URH: Untreated rice husk 

SSFRH: Solid state fermented rice husk 

NFE: Nitrogen free extract 
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Performance of growing pigs  

The performance of pigs fed diet containing SSFRH is shown in Table 3. The 

result shows significant (P<0.05) effect of SSFRH on final weight (FW), total 

weight gain (TWG), and feed conversion ratio (FCR). Pigs fed diet containing 

0% SSFRH had the highest FW and those fed diet containing 50 and 100% SSFRH 

had the lowest (P<0.05) FW while those fed diet containing 25 and  75% SSFRH 

was intermediate. TWG increased (P<0.05) for pigs fed diets containing 0, 25 

and75% while those fed diet with SSFRH at 50 and 100% had reduced (P<0.05) 

TWG. Improved (P<0.05) FCR was observed for pigs fed diets containing 25 and 

75% SSFRH compared to other treatments. 

 

Table 3: Growth Performance of growing pigs fed diets containing Solid-State 

fermented rice husk as a replacement for wheat offal 

 Levels of  SSFRH replacement   

Parameters (kg) 0 25 50 75 100 SEM  P-value 

Initial weight  10.33 9.67 10.00 9.67 9.67 0.43 0.950 

Final weight  66.47a 65.83ab 62.50b 65.67ab 61.50b 2.80 0.007 

Total weight gain  56.07a 56.16a 52.50b 56.00a 51.83b 1.66 0.004 

Daily weight gain  0.50 0.50 0.47 0.50 0.46 0.92 0.249 

Total feed intake  112.58 104.34 105.70 108.27 107.17 10.82 0.349 

Daily feed intake  1.01 0.93 0.94 0.97 0.96 2.03 0.430 

Feed conversion ratio  2.01a 1.85b 2.01a 1.93b 2.06a 0.21 0.029 
abc Means on the same row with different superscript are significantly different 

(P<0,05) 

SSFRH: Solid state fermented rice husk 

SEM: Pooled standard error of mean 

 

Carcass characteristics of growing pigs 

Table 4 shows the result of the carcass characteristics of pigs fed diet 

containing SSFRH. The table reveals significant (P<0.05) effect of dietary 

replacement of SSFRH on all other parameters apart from dressing 

percentage, kidney and heart weight that were not significantly (P>0.05) 

affected. The live weight (LW) of pigs fed diet with 0% SSFRH was highest 

(P<0.05) and those fed diets containing 25, 75 and 100% SSFRH had lowest 
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(P<0.05) LW while those fed diet containing 50% SSFRH was intermediate. The 

dressed weight (DW) of pigs fed control diet was highest (P<0.05) and those 

fed diet with 100% SSFRH had the lowest (P<0.05) DW while other treatments 

were intermediate. The head weight was highest (P<0.05) for pigs fed diet 

containing 25% SSFRH while those fed diets containing 50, 75 and 100% SSFRH 

had the lowest head weight. Pigs fed diet containing 50% SSFRH had the 

highest (P<0.05) belly weight while those fed diet containing 100% SSFRH had 

the lowest (P<0.05) belly weight. Pigs fed control diet and those fed diet 

containing 50% SSFRH had the highest (P<0.05) back weight and those fed diets 

with 25 and 100% SSFRH had the lowest (P<0.05) back weight. Hind limb weight 

increased (P<0.05) for pigs fed diets containing 0% SSFRH. Pigs fed diet 

containing 0% SSFRH had the highest (P<0.05) weight for fore limb, hind 

trotters, fore trotters and loin compared to other treatments. Pigs fed diet 

containing 0% SSFRH had the highest (P<0.05) liver and spleen weight 

compared to other treatments. The lung weight was higher for pigs fed diets 

containing 75 and 100% compared to other treatments. The whole 

gastrointestinal tract (WGIT) weight is highest (P<0.05) for pigs fed control diet 

and those fed diet containing 50% SSFRH and those fed diets containing 75% 

SSFRH had the lowest (P<0.05) WGIT weight while those fed diets containing 

25 and 100% had intermediate weight of  WGIT 

 

Table 4: Carcass characteristics of growing pigs fed diet containing solid-state 

fermented rice husk as a replacement for wheat offal 

  Levels of  SSFRH replacement   

Parameters  0 25 50 75 100 SEM P-value 

Live weight (kg) 65.22a 62.75b 64.40ab 62.98b 61.25b 1.02 0.043 

Dress weight (kg) 47.48a 42.75b 45.25ab 43.48ab 41.10c 1.27 0.021 

Dressing percentage 71.52 67.12 70.47 68.05 68.52 1.74 0.243 

        

Cut parts (% LW)        

Head  5.91b 6.18a 4.84c 4.83c 4.24c 0.07 0.045 

Belly 2.56b 1.94c 3.03a 1.90c 1.34d 0.03 0.022 

Back  9.75a 6.83c 9.18a 8.25b 6.80c 0.09 0.011 

Fore limb  8.78a 6.48b 6.61b 5.46c 5.30c 0.18 0.010 
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Hind limb  8.90a 5.94c 7.75ab 6.85b 5.75c 0.15 0.001 

Hind trotters 0.94a 0.87b 0.51c 0.54c 0.64b 1.07 0.001 

Fore trotters  0.71a 0.49b 0.47b 0.48b 0.47b 8.17 0.006 

Loin  7.83a 4.97b 4.17b 3.89c 3.74c 0.09 0.012 

        

Weight of organs (% LW)        

Kidney 0.19 0.23 0.21 0.22 0.20 4.18 0.234 

Liver  1.06a 0.93b 0.87b 0.86b 0.80b 3.08 0.010 

Lungs  0.42b 0.43b 0.38b 0.52a 0.59a 5.22 0.000 

Spleen  0.90a 0.08c 0.08c 0.09c 0.11b 2.04 0.001 

Heart  0.31 0.25 0.23 0.22 0.20 1.13 0.242 

Whole GIT  7.57a 5.79b 7.80a 5.35c 6.71b 0.07 0.000 
abcMeans on the same row with different superscript are significantly different 

(P<0.05)  

SSFRH: Solid state fermented rice husk,  

SEM: Pooled standard error of means 

 

 

DISCUSSION 

Pigs fed diet containing SSFRH at 25 and 75% had FW similar to those fed control 

diet. The final weight achieved by these pigs which is similar to those fed 

control diet is due to the effect of using Pleurotus ostreatus  in solid state 

fermentation of rice husk which causes microbial degradation of rice husk 

leading to availability of the locked up nutrients that are majorly carbohydrates 

and proteins. The TWG for pigs fed diets containing 25 and 75% was similar with 

TWG of pigs fed control diet. This implies that there was effective breakdown 

of linkages between fibre and protein due to solid state fermentation (Du 

Thang Hang and Preston, 2007).  However, there was a decrease in FW and 

TWG of pigs fed diet with 100% inclusion level of SSFRH. This reduction could 

be due to high dietary fibre constituent of the feed that may have cause gut fill 

as a result of increased water holding capacity of the diets (Ngoc et al., 2012). 

This is in tandem with the report of Gallinger et al. (2004) who reported 

decrease in the weight gain of broilers with increase in level of rice bran from 

inclusion in their feed from 10% to 20% and the fibre increases from 3.20% to 
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4.96%. The findings is also in agreement with Supriyati et al. (2015) who 

observed decline in the weight gain of pigs with increasing inclusion of 

fermented rice bran from 10% to 20% and these agrees with our findings in this 

current research. Meanwhile, Gaga Partama et al. (2019) however observed an 

increase in weight gain by feeding ducks with rice husk bio-fermented with 

lactobacillus complex supplemented with beetle leaf meal (Piper betle L). 

Feed conversion ratio was better for pigs fed diet containing SSFRH at 25 and 

75% replacement level for wheat offal. This suggests a tolerable level of dietary 

fibre with adequate nutrient availability and utilization by the pigs and this 

connotes the nutrient adequacy of the diet resulting in improved weight gain. 

This is in agreement with the report of Thi Thu Hong et al. (2016) who observed 

improved FCR for pigs fed diet containing fermented rice bran and fermented 

cassava waste. The result of Bidura et al. (2012) also indicated that inclusion of 

20% fermented rice bran using Saccharomyses cerevisiae in the diet of ducks 

resulted in poor FCR value compared to those fed 10% fermented rice husk due 

to variation in fibre level. 

The effect of dietary inclusion of SSFRH as replacement for wheat offal on 

carcass characteristics shows that pigs fed diet with 0% SSFRH had increased 

LW and DW however, pigs fed diet containing SSFRH at 50% had intermediate 

weight for LW and DW. The intermediate weight for LW and DW obtained for 

the pigs could be due to influence of solid state fermentation on the 

degradation of fibre in the rice husk thereby enhancing nutrient utilization. This 

is in agreement with the findings of Fasuyi and Olumuyiwa (2012) who 

observed increase in body weight of broilers fed diet containing rice husk 

ensiled for 3 weeks. Increased back, forelimb and hind limb weight was also 

observed for pigs fed diet containing 0% SSFRH This is due to increase in LW 

and DW obtained for the pigs because pigs with higher LW usually have higher 

ham and limb weight (Njoku et al., 2015). As obtained in LW and DW the pigs 

fed diet containing 50% SSFRH had similar weight for back and hind limb with 

those fed diet containing 0% SSFRH. This might be due to increase in nutrient 

availability as a result of solid state fermentation. The presence of fibre-

degrading microorganism are known to be responsible for the partial 

disruption of the cell wall components of fibre resulting in partial digestion 

(Varel and Yen, 1997).  
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Pigs fed diet containing 50% SSFRH had the highest belly weight followed by 

those fed diet containing 0% SSFRH. The response of pigs on this diet indicated 

that the pigs had access to adequate quantity of energy and protein. It has 

been reported that constituents of diets fed to pigs has great influence on its 

response in terms of carcass yield (Onyimonyi and Okeke, 2005). 

Pigs fed diet without SSFRH has increased liver and spleen weight while 

increased WGIT was observed for pigs fed diet without SSFRH and those fed 

diet with 50% SSFRH. This can be related to the increased LW and DW and can 

also be associated with factors that influence visceral organs which include 

body weight and diet composition. Van-Milgen and Noblet (2003) stated that 

there is connectivity between internal organ weight and body weight which 

depend on factors like feed intake and energy requirement. Reduced weight 

of liver and spleen obtained from pigs fed diet containing SSFRH irrespective 

of inclusion level suggest absence of negative impact of anti-nutritional factor 

or consequential impact of dietary fibre present in the diet because increase in 

liver size has been associated with the presence of anti-nutritional factors 

(Bailey et al., 2000; Oloruntola, 2018).  

 

Conclusion and Recommendation 

SSFRH can replace wheat offal in the diet of growing pigs up to 75% without 

any adverse effect on performance. The replacement of SSFRH for wheat offal 

up to 75% in the diet of growing pigs can give weight gain comparable to that 

of wheat offal only and a better FCR can be achieved. 
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