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Fungal improvement of the nutritive content of low-quality forages can be affected by 
several factors among which loss of water-soluble content (WSC) plays a major role. To 
achieve this aim, two growth conditions i.e. forage-liquid ratios (1:3 and 1:5) and two 
inoculation times (14 and 28 days) were used to cultivate the selected fungi i.e. Pleurotus 

0 0
ostreatus (PO) at 30 C and Ceriporiopsis rivulosus (CR) at 20 C on Brachiaria decumbens 
(BD), Andropogon gayanus (AG), Triticum aestivum (TA) straw, Lolium perenne (LP), 
respectively with the view of selecting the optimal conditions that facilitate the release of 
WSC. The impact that losses of WSC have on the ability of fungi to improve the nutritive 
content (i.e. proximate, fibre, secondary metabolites and total antioxidant content) of the 
forages were then measured using 2 filtering methods i.e. light pump filtering method (LFM) 
and free flow filtering method (FFM). The optimal conditions that supported increased 

thsoluble was identified as 28  day for both fungi; forage-liquid ratio of 1:5 for both fungi in 
most of the forages except BD (CR) and BD & AG (PO). The LFM led to lesser or no 
improvement in the nutritive quality of the upgraded forages while the opposite was recorded 
with the LFM. The LFM as against the FFM produced upgraded forages with lesser 
reduction in NDF; similar or higher ADF and lignin contents; and similar reduction in 
secondary metabolites and TAC when compared with un-improved forages. It can be 
concluded that the fungal improvement of the nutritive content of low-quality forages was 
negatively affected by the loss of WSC. It is therefore recommended that fungal improvement 
of the nutritive quality of low quality forages should be carried out with methods or 
techniques that facilitates little or no WSC loss in the upgraded forages. 
Keywords: Water soluble content, fungal improvement, inoculation time, forage-liquid

Introduction
Available forages, during the dry season in 
most tropical regions are of lower quality 
and need to be improved upon to be 
properly utilised by ruminant animals for 
better production and performance. One of 
the possible ways of achieving this is 
through fungal treatment. During fungal 
treatment of low quality forages, 
lignocellulose degradation takes place and 
this is usually accompanied with the release 
of WSC. The WSC are by-products of the 
degradation process and they are released 
when the conditions are optimal for growth 
and enzymatic function. Despite the need 

for the growth conditions to be optimal for 
improvement,  in some cases,  no 
improvements were achieved. This led 
some researchers to question the ability of 
these fungi in improving the pre- treated 
substrates. This un-improvement have been 
traced to several factors such as substrate 
type (van Kuijk et al., 2015), fungal strain 
and species, extent of degradation 
(Akinfemi, 2010) and release of anti-
nutrients as toxins or metabolites by these 
fungi which affect palatability (Sharma and 
Arora, 2015), chitin content (Arora and 
Sharma, 2009a) and extensive fermentation 
of  structural carbohydrates with increased 
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ash content (Sharma and Arora, 2015). 
Most of these factors do have a major 
influence on the nutritive content, intake, 
digestibility and/or degradability of the 
pre-treated substrates (Mahesh and 
Mohini, 2013). However, no information is 
available on the impact that WSC loss may 
have on the nutritive quality of fungal pre-
treated substrates. In order to enable the 
liberation of WSC, two growth conditions 
i.e. substrate-liquid ratios (1:3 and 1:5) and 
inoculation time (14 and 28 days) that play 
major roles in fungal growth and activity 
were selected in this study. Thereafter, the 
optimal conditions was then used to 
evaluate the influence that loss of WSC 
have on the ability of two fungi (i.e. C. 
rivulosus; and P. ostreatus) selected based 
on their use and higher activity to improve 
the nutritive content (i.e. proximate, fibre, 
lignin secondary metabolites and total 
antioxidant content-TAC) of the selected 
low quality forages (i.e. A. gayanus, B. 
decumbens, L. perenne and T. aestivum 
straw) using light-pump filtering method 
(LFM) and free-flow filtering method 
(FFM at the optimal growth conditions.

Materials and methods
Preparation of forage substrates and 
inoculation with aerobic fungi
A 4 (forages i.e. AG, BD, TA, and LP) x 2 
(substrate: liquid ratio i.e. 1:3 and 1:5) x 3 
(fungal treatment i.e. CR, PO and no fungi) 
factorial arrangement at each inoculation 
time (14 and 28 days) were used for the 
growth and laccase study, and each 
treatment was replicated thrice. The 
samples consisted of the two Nigerian low-
quality forages (BD and AG) and two UK 
forages (TA straw and LP). On this basis, 
samples of 5g per forage (2-mm screen) 
were accurately weighed into 250 mL 
Erlenmeyer flasks, and were rehydrated 
with two different amounts (15 and 25 mL) 
of 1% Potato dextrose broth (CR) and 1% 
malt extract broth (PO) respectively to set 
the solid/liquid ratio of 1:3 and 1:5. The 
flasks were immediately covered and 

0autoclaved at 121 C for 15mins. Each of the 
Erlenmeyer flasks was then inoculated with 
three 5mm mycelial discs of each agar plugs 
of CR and PO obtained from a 10 days old 
plate culture at the centre of the substrate 
respectively, covered and incubated at 

0 0
either 20 C (CR) or 30 C (PO) in a dark 
environment at 95% humidity for 14 and 28 
days, respectively. Replicated control 
flasks containing the substrates and the 
media but no fungal mycelium were also 
autoclaved. 
Processing of inoculated substrates for 
growth and laccase enzymatic activity
At the end of each selected inoculation time, 
the samples assigned for each filtering 
method obtained from the various 
combinations of growth conditions were 
physically viewed for growth and 
supernatants obtained from each filtering 
method was used for laccase analysis. The 
supernatant was obtained by adding 25mL 
of 10mM sodium acetic buffer solution (pH 
5.0) to each selected flask for extraction of 
enzymes. The flasks were then kept in a 
shaking incubator (200rpm) for 20mins at 

020 C. The contents of each flask were 
filtered through a dried what-man filter 
paper no. 1 (150 mm diameter) and the 

0
filtrate was centrifuged at 10,000 rpm at 4 C 
for 20 min. The supernatant was collected 
for its use for laccase enzyme determination 
.(Sharma and Arora, 2010). Laccase 
activity was determined by monitoring the 
oxidation of the diammonium salt of ABTS 
(2, 2' – azino – bis (3 – ethylbenz – 
thiazoline – 6 – sulfonic acid) as a 
substrate.(Geng et al., 2004) 
Processing of the substrates for the 
evaluation of loss of water-soluble 
contents
A 4 (forages i.e. AG, BD, TA, and LP) x 3 
(fungal treatment i.e. CR, PO and no fungi) 
factorial arrangement was used for 
evaluation of loss of WSC. Only the best 
inoculation time (i.e. 28 days) and forage-
liquid ratio i.e. 1:5 for both CR and PO for 
most of the forages except BD (CR) and BD 
& AG (PO) was used. These conditions 
should optimal fungal growth and laccase 
activity and was used for each combination. 
The filtrates were collected and the flasks 
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from which the solids on the filter paper 
were obtained were then split equally to 
two different parts. Half of the flasks with 
their solids on the filter paper were used as 
samples obtained from free-flow filtering 
method under gravity (i.e. FFM) without 
any pressure, while the other half of the 
flasks with their solids on the filter paper 
were used as samples obtained from light 
pump filtering method with light 
suctioning using pump (i.e. LFM). The 
contents of each filtering method, 
alongside the filter papers, were then dried 

0at 60 C and subsequently used for various 
analyses, i.e. chemical analysis, secondary 
metabolites and total antioxidant content 
analyses. Loss of dry matter and other 
nutrients as influenced by fungal 
inoculation was calculated as the 
differences in absolute weight between the 
control (un-inoculated substrate) and the 
inoculated substrates and the results were 
presented as percentages of the relevant 
nutrients of the untreated controls. 
Determination of the nutritive contents of 
the dried fungal degraded samples 
obtained from LFM or FFM
The samples for each filtration method 
were analysed in triplicate for dry matter 
(DM) and Organic matter (OM)  using  
methods. Nitrogen values were obtained 
using an Elementar vario macro cube 
(Elementar, Hanau Germany). The crude 
protein (CP) content was then calculated 
(N x 6.25). Neutral Detergent Fibre (NDF), 
Acid Detergent Fibre (ADF) and Acid 
Detergent Lignin were assessed using the 
methods of  and  without using sodium 
sulphite and Dekalin. Total phenolic (TP) 
and total tannin (TT) contents were 
measured using modified Folin-Ciocalteu 
method . Both TP and TT were expressed as 
tannic acid equivalents. TAC of the 
samples were determined according to the 
Ferric Reducing Antioxidant Power assay  
and results obtained were then expressed as 
ìmol Fe (II)/g dry weight of the sample.

Statistical analysis 
The data for laccase activity were 
statistically analysed by following the 
factorial design according to the 
Generalized Linear Model procedure in 
Minitab 16 software to determine the 
interactive effects of each fungal treatment, 
forage and forage: liquid ratio on the 
laccase activity of the fungi at each of the 
inoculation times (14 and 28 days). The 
data for chemical composition were 
statistically analysed by following the 
factorial design according to the 
Generalized Linear Model procedure in 
Minitab 16 software to determine the 
influence of filtration method (i.e. LFM and 
FFM) on the interactive effects of fungal 
strain and forage at the optimal forage-
liquid ratio and inoculation time on the 
chemical composition and nutrient losses. P 
< 0.05 was considered to indicate a 
statistically significant effect on each of the 
tested parameters and different means were 
separated using Tukey's HSD option of the 
software. 

Results 
Growth and laccase activity
Figure 1 and 2 shows the main effect of 
forage-liquid ratio at each inoculation time 
on laccase production by CR and PO 
respectively on the selected forages after 

t h t h
14  and 28  days of inoculation 
respectively. The highest laccase activity 
produced by C. rivulosus was at 1:5 ratio 

thwith the exception of BD at 28  day. The 
highest laccase activity produced by P. 
ostreatus for BD and AG was at 1:3 ratio; 
that of LP recorded similar value for both 
forage-liquid ratios; and that of TA was at 1: 

th5 ratio at the 28  day. Generally, PO 
recorded better growth and activity on most 
of the forages except with LP were CR was 
found actively growing on it. The growth of 
the fungi was viewed physically and it was 
found to be similar in trend to the activity 
that was why it was not recorded. 
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Figure 1. The interactive effect of forage-liquid ratio and forage on the laccase 

activity (µmol / min) of fungi after 14 days of inoculation

Figure 2. The interactive effect of forage-liquid ratio and forage on the laccase activity 
(µmol / min) of fungi after 28 days of inoculation

Nutritive contents and nutrient loss /gain 
(Proximate, fibre, lignin, secondary 
metabolites and total antioxidant 
compositions) of fungal pre-treated 
forages as influenced by the filtration 
methods
Table 1 presents the influence the filtration 
methods (i.e. LFM and FFM) produced on 
the interactive effects that fungus and 
forage had on the proximate, fibre, lignin 
and secondary metabolites composition of 
pre-treated forages. The filtration methods 
had significant (P < 0.05) influence, in that 
the LFM method led to the inability of both 
fungi to rapidly increase CP; rapidly reduce 
OM and increase Ash; facilitate increased 
reduction in NDF; lesser reduction or no 
reduction in ADF and ADL; and rapidly 
reduce TAC and secondary metabolites 
content of most of the pre-treated forages 
when compared to the impact the FFM 
method had on the pre-treated forages with 

respect in both cases to the untreated 
forages. More pronounced negative effect 
of the LFM method on the ability of PO to 
improve most of the forages except LP was 
recorded, as its activeness and growth led to 
more availability of WSC which was 
further lost through the method thus leading 
to lesser impact of the fungus on the forage 
improvement when compared to the less 
active fungus.
Table 2 presents the influence that filtration 
methods (i.e. LFM and FFM) produced on 
the interactive effects of fungi and forage 
on the gross nutrient loss of the pre-treated 
forages. The pre-treated forages from the 
LFM method recorded less loss in OM, 
fibre and lignin contents as well as less gain 
in CP and ash; lesser loss in NDF; lesser 
loss or no loss in ADF; and lesser TP, TT 
and TAC losses than those obtained from 
the FFM method with respect to the 
untreated forages at both cases.
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Discussion
This study investigated the influence that 
loss of WSC have on the ability of fungi to 
improve nutrient composition of pre-treated 
forages using LFM and FFM methods. In 
the practical sense, the loss of WSC happens 
when farmers use sacks/bags/containers 
with pores for pre-treatment and in some 
instances  place heavy stones on these 
containers which further mounts pressure 
on the pre-treated substrates. The means of 
soluble losses were then mimicked in the 
laboratory using two filtration methods (i.e. 
LFM and FFM).  However, to facilitate the 
release of WSC in the pre-treated forages so 
as to achieve the aim of this study, two 
treatment factors, i.e. forage-liquid ratio 
and incubation time were used. In this study, 
it can be deduced that the growth conditions 
that supports optimal growth and activity 
led to availabiltiy of WSC. 
Fungal growth performance and laccase 
activity influence on soluble availability
Fungal growth and activity on forages are 
expected to help facilitate the release of 
WSC when the growth conditions are 
optimal. This is because the WSC are 
products of increased fungal growth and 
activity in anticipation for degradation of 
structural components. The increased 
laccase activity and growth of C. rivulosus 
on most the forages except BD, as well as  P. 
ostreatus on some forages except AG and 
BD, when using a substrate-liquid ratio of 
1:5 at longer inoculation time (i.e. 28 days) 
was an indication that these conditions were 
optimal for their growth and activity. 
Optimal moisture content has been reported 
to positively influence fungal growth and 
laccase production by preventing substrate 
porosity or agglomeration, thus allowing 
oxygen transfer that is required for the 
exhibition of fungal ligninolytic activities 
(Patel et al., 2009). The longer inoculation 
needed by the fungi to exhibits their growth 
and activity on the forages can be traced to 
the inherent characteristics of the forages as 
they play a significant role in the time at 
which the fungi gets the required nutrients 
needed to initiate their growth and activity 
(Daniel, 2016). Therefore, at these 
conditions of growth, it is expected that the 

substrates contain more WSC. This makes 
the use of pre-treated substrates in this 
liquid ratio and inoculation time a good 
choice for the chemical composition 
determination. The increased laccase 
activity and growth exhibited by  P. 
ostreatus in comparison with C. rivulosus 
when inoculated on most forages except L. 
perenne  is an indication that different 
species of fungi vary in their activity, 
depending on the available substrates 
((Patel et al., 2009). The increased activity 
of CR on LP might be associated with its 
high nitrogen content. This supports the 
findings by Hakala  et al. (2005) where 
increased laccase activity was recorded 
when the crude protein extract was 
concentrated to monitor the production of 
laccase isoforms grown on spruce wood 
chips. Therefore, P. ostreatus pre-treated 
forages are expected to produce more WSC 
than C. rivulosus treated ones, except L. 
perenne, and if the filtration method is 
applied, a greater soluble loss might be 
recorded.
Influence of filtration methods on the 
ability of fungi to improve the nutritive 
content of pre-treated forages
The greater soluble losses in the pre-treated 
forages using the LFM method as opposed 
to the FFM method results in no or less 
positive impact on the fungal ability to 
improve the chemical composition of the 
pre-treated forages. This supports the 
findings of Arora and Sharma (2009b) and 
Zuo et al., (2018), who identified that WSC 
are needed to increase the nutritive 
composition of pre-treated forages and their 
loss is detrimental to the improvement of 
the chemical composition of pre-treated 
forages.  The lesser increase of CP content 
of pre-treated forages obtained from LFM 
as against that of FFM is an indication that 
the absolute protein content of the forages 
might not have changed, but the added 
fungal biomass (i.e. mycelium/chitin) 
which was found in both pre-treated forages 
obtained from both methods might have 
contributed to the increased CP content 
recorded. This supports the findings that 
increased fungal biomass on the substrate is 
associated with the increased CP content 
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(Niu et al., 2018; Zuo et al., 2018). The 
lesser OM reduction in the LFM method as 
against that of the FFM method was not 
expected. This can be linked to the fact that 
the FFM method still retained the WSC as 
well as the ash content but on the other hand 
the LFM method removed most of the WSC 
and ash content, thus increasing the 
percentage of OM content in the leftover 
substrates. 
The little or no reduction in structural 
components (i.e. fibre and predicted lignin 
contents) of the pre-treated forages 
obtained from the LFM method as against 
the FFM method indicates that WSC were 
lost with this method. The obtained results 
were not in agreement with previous 
findings where reduction in fibre 
composition was recorded in fungal pre-
treated forages (Niu et al., 2018; Zuo et al., 
2018). This further ascertained that loss of 
WSC through any form of pressure is 
detrimental to the improvement of pre-
treated forages and this must be avoided 
when handling pre-treated forages. The 
similar reduction in the secondary 
metabolite contents and TAC of the pre-
treated forages obtained from both LFM 
and FFM methods is an indication that loss 
of WSC using any form of filtration method 
has little effect on metabolite contents of 
treated forages.  In addition, the 
expectation was that the pre-treated forages 
obtained from the FFM method would 
increase the metabolite contents, as lignin 
degradation took place with minimal 
soluble loss compared to the LFM method. 
The degradation of lignin phenolic covalent 
bonds was expected to be accompanied 
with the release of more phenolic 
compounds and total antioxidant contents, 
as identified in the findings of Lateef et al. 
(2008), Arora et al. (2011) and Pouteau et 
al. (2003), however, this was not the case.  
The difference might be attributed to the 
lignin molecular weight/ group (Pan et al., 
2006), as lignin with less aliphatic, more 
phenolic hydroxyl groups, wide poly 
disparity and high molecular weight, does 
lower the ability of the treated forages to be 
improved in terms of total phenolic and 
total antioxidant contents (Pan et al., 2006).

The higher soluble loss recorded by P. 
ostreatus than C. rivulosus is an indication 
that it exhibited higher lignocellulose 
degradation in most of the pre-treated 
forages through its increased enzymatic 
functions, and this is evident in the quantity 
of soluble contents liberated (Maza et al., 
2015). The increased soluble loss is 
expected to be complemented with an 
increase in insoluble fractions, i.e. fibre and 
lignin. However, the lesser reduction in 
fibre recorded in some of the pre-treated 
forages from LFM method might be that, as 
the inoculation time increased, some of the 
pre-treated forages became porous, 
therefore reducing the drastic effect that the 
filtration method might have exerted on the 
fibre composition. Biological pre-treatment 
of a substrate has been found to increase the 
porous nature of pre-treated substrate in 
readiness for further enzymatic degradation 
of lignocellulose (Yu et al., 2009). The 
increased nutrient losses (i.e. fibre, lignin 
and metabolites) and nutrient gain (CP and 
ash) in pre-treated forages obtained from 
the FFM method rather than the LFM 
method were not expected. The expectation 
was that the LFM method would give more 
nutrient loss, since the method has 
supported more soluble loss. This might be 
that the leftover substrate no longer reflect 
the right composition of what might 
normally be expected if not pump filtered. 
The obtained results from the FFM method 
were in agreement with other research 
findings (Tuyen et al., 2013). Secondary 
metabolite loss can also be attributed to the 
fungi utilising this for their growth and 
activity (Niladevi and Prema, 2008). The 
obtained results were not in agreement with 
the findings of Assi and King (2007) and 
Lateef  et al. (2008) who recorded gain in 
the phenolic compounds (i.e. total 
antioxidant) content of some pre-treated 
agricultural residues and tomato pomace. 
This may be because the phenolic 
compounds constituents were not toxic to 
the fungi, thus inducing mediators that 
facilitated the fungal ligninolytic enzymatic 
potential for increased detoxification of 
these compounds ((Irshad et al., 2011).  The 
exhibition of more nutrient loss by  P. 

305

 Soluble content losses impact on ability of fungi to improve pre-treated forages



ostreatus than C. rivulosus  indicates that P. 
ostreatus degrading potential is high (Patel 
et al., 2009) or that it might have to use the 
nutrients for its mycelium growth 
(nee'Nigam et al., 2009). The filtration 
method has been identified to have 
influenced the ability the fungi had to 
improve the chemical composition of the 
pre-treated forages under the growth 
conditions selected; the LFM method 
influenced it negatively while the FFM 
method influenced it positively. 

Conclusions 
The use of growth conditions that supports 
optimal fungal growth and activity might 
be detrimental to the benefits expected 
from pre-treated forages if wrong culturing 
materials or post processing method are not 
properly carried out. In this study the 
substrate-liquid ratio of 1:5 and longer 
inoculation time supported increased 
growth and laccase activity of the fungi on 
most of the forages which made more WSC 
available. These conditions, therefore, 
helped in achieving more soluble loss and 
led to no or lesser ability of the fungi to 
improve the nutritive content of the pre-
treated forages based on the processing 
method i.e. LFM method used as against 
FFM method.  More  pronounced  
detrimental effect was found in P. ostreatus 
t r ea ted  fo rages .  I t  i s  the re fore  
recommended from this study that loss of 
WSC through any form of pressure, wrong 
processing or through the use of porous 
container should be avoided during and 
after pre-treatment of the substrate as it 
might be detrimental to the purpose of pre-
treatment which is to improve nutritive 
content of the pre-treated forages. The use 
of non-porous culturing materials and 
drying that prevents loss of WSC e.g. 
freeze drying or drying in containers 
should be used.
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