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Abstract

This study investigated the ability of isolated anaerobic fungi to facilitate silage fermentation
characteristic and nutritive content. To achieve this, two fungal isolates out of fourteen
obtained in our laboratory from sheep rumen content were selected as silage inoculants.
Selection of the isolates was based on their ability to present the highest growth
characteristics and they belong to the genus Orpinomyces, and Neocallimastix (as identified
with microscope). The two fungi alongside the control (i.e. no fungi) were used to inoculate
different silages prepared from four selected forages i.e. two tropical grasses (i.e.
Andropogon gayanus- AG, Brachiaria decumbens- BD) and two temperate forages (i.e.
Triticum aestivum- TA straw and Lolium perenne- LP) in order to examine their effect on
fermentation (i.e. pH) and nutritive content of these silages over 14 and 28 days of
inoculation, respectively. The anaerobic fungal inoculated silages showed significant (P <
0.05) improvement in quality than un-inoculated silages which was reflected in terms of
increase in soluble fraction i.e. CP content; reduction in fibre content; increase in
metabolites, increase in total antioxidant content (TAC), and reduction in pH with minimal
nutrient loss. However, the rate of the anaerobic fungal improvement was influenced by the
forages used for the silage and the length of inoculation. The highest and lowest increase in
quality was recorded in LP and TA silages, respectively, while more extended inoculation
time supported more quality improvement in the silages. The use of anaerobic fungi as
inoculants improved AG, BD, TA and LP silages quality through facilitation of the
fermentation characteristics (i.e. pH and nutritive content).

Keywords: Nutritive content, anaerobic fungi, silage fermentation, forages, microbial
additives

Introduction tend to stabilise the silage through
Low quality forages require improvement in reduction in pH, and this is usually
order for them to be properly utilised by accompanied by fibre reduction, and
ruminant animals for better production and increase in crude protein (CP) which can
performance. One of the possible ways of  be seen as an added advantage . However,
achieving this is by silage production. with the use of feed additives, it is expected
Generally, ensiling (i.e. the process that that the added advantage is facilitated at the
leads to the silage production) is seen as a  fermentation stage of the ensiling
pre-treatment method as well as forage  procedure and microbial processes in the
preservation . During ensiling, the natural silage are controlled through the production
lactic acid bacteria that exist in the silage of specific metabolites that inhibit the
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growth and activity of spoilage microbes ,
thus preserving and improving the silage
nutrients. Among the available feed
additives, microbial additives using
anaerobic rumen fungi (ARF) seems
promising in achieving these advantages in
that its exhibit higher oxidative enzymatic
function ; possesses rhizoids or mycelium
which penetrates or infiltrates the plant
tissues and poses no palatability threat to
the animals as they exist naturally in the
rumen environment. Despite all these useful
attributes, the use of ARF as inoculants in
silage production is still limited in
improving low quality forages, as
researchers are of the opinion that ARF
cannot survive the pH reduction that is
required for good silage production.
However, investigated the use of anaerobic
fungal isolates as inoculants in rice straw
silage production, and t established that
ARF improved silage quality and that
reduction in pH showed detrimental effect
on fungal population from 30 days onward.
In addition, forages used in ensiling play
major roles in pH reduction influence on
AREF due to differences in their mineral and
organic acid compositions that influence
their acid buffering capacity . Therefore,
this current study investigated the effect of
two anaerobic rumen fungal inoculants (i.e.
Neocallimastix spp., and Orpinomyces
spp.) on their ability to facilitate
fermentation (i.e. pH) and improve the
nutritive value (i.e. proximate, fibre,
secondary metabolites and TAC) of silages
using four different forages i.e. Andropogon
gayanus, Brachiaria decumbens (tropical
forages) and Triticum aestivum straw and
Lolium perenne (temperate forages) over 14
and 28 days, respectively.

Materials and methods
Anaerobic rumen fungi
In preparation for this experiment, fourteen
anaerobic fungi were isolated from sheep
rumen fluid in our laboratory (School of
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Agriculture, Food and Rural Development,
Newecastle University, UK) and identified
up to the genus level using light and
fluorescence microscopy (epifluorescence
microscope, Nikon Eclipse Ci, CoolLED
pE-300-W, Japan). Two isolates with the
highest growth characteristics were then
selected, multiplied and stored with 10%
glycerol in relevant 25 mL serum bottles
fitted with butyl rubber septa and sealed
with metal crimps at 20°C in a walk in
freezer. On anticipation for the experiment,
the cultures in bottles were thawed at 4°C
and then kept in a water bath at 39°C for
12hrs. An inoculum of 4% (vol/vol) was
aseptically injected, under CO, atmosphere,
into 25ml of the freshly prepared Orpin’s
medium (i.e. clarified rumen fluid and
complex medium) as reported by . This was
then placed at 39°C in an incubator —
Scientific laboratory supplies incubator,
INC1253 for 4 —5 days in order to get the
inoculum for each of the forage samples
used.

Preparation of forage substrates and
inoculation with anaerobic fungi

The samples consisted of 4 selected forages
which includes 2 tropical forages (AG and
BD) and 2 temperate forages (TA straw and
LP). About 5g of each dried and ground
substrate (<2-mm particle size) of each of
the forages was accurately weighed into
250 ml bottles and rehydrated with 10 ml of
the Orpinsl medium without antibiotics or
vitamins. The bottles were fitted with butyl
rubber caps, sealed with metal crimps, and
autoclaved at 121°C for 15mins. The
prepared serum bottles were inoculated
with SmL of 5 days old, well grown
anaerobic fungal culture in a broth by
aseptically injecting the fungi into the
bottles under CO, atmosphere, using a
sterile syringe and a needle, and incubated
at 39°C for 14 and 28 days, respectively.
This was replicated four times. Additional
flasks, each containing 5ml of autoclaved
Orpin’simedium and substrates but without
fungal inoculations, were also prepared as
controls. At the end of each incubation time,
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Isolate 1: Orpinomyces sp (polycentric, multiflagellate, filamentous)

Figurel a) Hyphae and spore of Isolate 1 (20X); b) Hyphae and spore of Isolate 1
(40X); c) Spore of Isolate 1 (20X) and d) Isolate 1 on plate

pH was determined and were subsequently
processed. The contents of each bottle were
filtered through tarred whatman filter paper
no. 1 and the filtrates were centrifuged at
10,000rpm (12800g) in a refrigerated (4°C)
centrifuge for 20 mins. The liquid part was
used for the determination of laccase
enzymatic activity, while the sample on the
filter paper was dried at 60°C in preparation
for the subsequent chemical analyses.
Losses of dry matter and other nutrients as
influenced by fungal inoculation were
calculated as the differences in absolute
weights between the respective controls
(un-inoculated substrate) and inoculated
substrates, and the results were presented as
per cent of the control.

280

PH and chemical analyses

The pH was determined with the aid of a pH
meter (Oakton Acorn series pH 6 metre,
Sigma-Aldrich) and the dried silage
samples were used for chemical analyses.
The analyses was done in quadruplicate for
dry matter (DM), Organic matter (OM), and
Ash 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), and Acid Detergent Fibre
(ADF) using the methods of . Total phenolic
(TP) and total tannin (TT) contents were
measured using modified Folin-Ciocalteu
method . Both TP and TT were expressed as
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Isolate 2: Neocallimaxtix sp (monocentric, multiflagellate, filamentous)

Figure 2 a) Hyphae of Isolate 2 (20X); b) Hyphae and spore of Isolate 2 (20X); ¢) Hyphae and
Spore of Isolate 2 (40x) and d) Isolate 2 on plate

tannic acid equivalents. TAC of the samples
were determined according to the Ferric
Reducing Antioxidant Power assay and
results obtained were then expressed as
umol Fe (I1)/g dry weight of the sample.

Statistical analysis

Two—way ANOVA using the Generalized
Linear Model procedure in Minitab 16
software was used to determine the effects
of fungal inoculants, forage silages and their
interaction on the pH and chemical
composition at each incubation time (i.e. 14
and 28 days). The effects were declared
significant if P < 0.05. The means were
separated using the Tukeyls test for
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significance at P<(0.05.

Results

The anaerobic rumen fungal inoculants had
a significant reducing effect on pH values
of A. gayanus (AGS), B. decumbens
(BDS), L. perenne (LPS) and T. aestivum
(TAS) silages. The reducing effect
increased with increase in the ensiling
period both in the inoculated and un—
inoculated silages but was not rapid. The
fungi used as inoculants produced a similar
reducing effect on the pH values of all
silages. The ensiled forages varied in their
pH reduction and followed this trend: LPS
>tropical forages > TAS
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Table 1: Effects of anaerobic rumen fungal inoculants on pH values of each forage silage during

ensiling periods

Fungi
Ensiling time (days) Control Neocallimastix sp. Orpinomyces sp. SEM P value
B. decumbens silage
14 6.04* 5.80° 5.83° 0.04 <0.0002
28 5.96 5.71° 5.71° 0.04 <0.0001
A. gayanus silage
14 6.00* 5.91° 5.90° 0.02 <0.0005
28 5.95* 5.81° 5.74° 0.03 <0.0002
L. perenne silage
14 537* 5.27° 5.28° 0.02 <0.0091
28 5.34 5.19° 5.16° 0.03 <0.0003
T. aestivum silage
14 6.28" 6.16° 6.19° 0.01 <0.0015
28 6.21* 6.11* 6.12% 0.03 <0.247
Pooled SEM 0.07 0.07 0.07
P value <0.0001 <0.0001 <0.0001

Means with different letters in the same row are significantly different; SEM: standard error of means

The interactive effects of forage silage and
fungal inoculants produced a significant (P
< 0.05) effect on the proximate and fibre
fractions composition of the silages after 14
and 28 days of inoculation respectively
(Table 2). The fungal inoculants reduced the
fibre contents (i.e. NDF, ADF) but increased
the CP and ash contents but both the
reduction and increment was not drastic.
The increase in the CP content was
significantly (P < 0.05) different from the
control in the tropical forage silages as the
inoculation time increased. The anaerobic
fungi had preferences for different silages
for possible improvement and this varied
with increase in inoculation time. At early
inoculation time, Neocallimastix sp.,
improved tropical forage silages while the
opposite was recorded in temperate forage
silages. However with increase in
inoculation time their preferences changed,
AGS and LPS (Neocallimastix sp), BDS
(Orpinomyces sp) and TAS (similar
preference)

The secondary metabolites contents and TA
contents of the ensiled forages inoculated
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with anaerobic rumen fungi over two
incubation times (i.e. 14 and 28 days) are
shown in Fig 1: a to ¢ respectively. The
fungi used for ensiling varied in their forage
preferences for possible improvement
when compared with the control. Both
fungi reduced TP content of all the silages;
Orpinomyces and Neocallimastix sp.
increased and reduced the TT content of
most of silages respectively; and both fungi
reduced and increased the TAC of
temperate and tropical forage silages
respectively. However, with increase in
inoculation time, both fungal inoculation
led to TP and TT contents increase in most
of the ensiled forages while their effect on
the TAC varied.

Figure a-c¢ show the secondary metabolites
content of forages with 3 different fungal
treatments (Control, Neocallimastix and
Orpinomyces) respectively for 14 and 28
days.The interactive effects of forage silage
and anaerobic rumen fungal inoculants on
nutrient loss (+) / gain () % of ensiled
forages after 14 and 28 days of inoculation
are presented in Table 3. In general, the
fungal inoculants led to minimal nutrient
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[3 28D Control

£1 280 Neocallimastix

4 28D Orpinomyces

A, gayanus B. decumbens
losses (< 5%) in fibre contents and hem;
higher ash gain; minimal CP gain (< 10%)
minimal TP loss; and TT and TAC gain or
loss in most of the forage silages. The
influence that the fungal inoculation had on
nutrient loss / gain recorded in the silages
varied with the forage source and
inoculation time. Neocallimastix sp.
recorded more nutrient loss / gain in tropical
forages while the opposite was recorded
with temperate forages. However, with

L. perenn
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e T, gestivum

increase in inoculation time, the fungi
preference for silage changed in that
Orpinomyces sp. recorded more nutrient
loss / gain in most of the forage except in
BDS. Neocallimastix sp led to TT gain
while Orpinomyces sp led to TT loss in most
of the silages respectively. The fungal
inoculation led to TAC loss and gain in both
temperate and tropical forage silages
respectively.
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Discussion

The study aimed to improve the quality of
the selected forages by ensiling them with
anaerobic rumen fungal inoculants, so as to
facilitate the fermentation stage of the silage
procedure. The fungal inoculants used
minimally improved the nutritive quality
and the fermentation rate of the forage
silages with lowered pH, increased CP
content, increased fibre degradation,
increased metabolite content, and increased
total antioxidant content of the tropical
forages, with minimal nutrient losses in the
silages . The reduction in pH by anaerobic
rumen fungal inoculants in this study
indicates that the inoculants are facilitating
the ensiling process. It also reflects that the
fermentation of sugars or water-soluble
carbohydrates in anticipation for lactic acid
production is taken place as the lactic acid
lowers the pH to aid in the silage stability .
The further reduction in pH of the silages
with increase in inoculation time, although
not drastic is an indication that the pH is still
supporting the fungal activity. This supports
the findings of , however the reduction was
not as drastic as their report. This could be
attributed to the availability of water—
soluble carbohydrates (WSC) and the acid
buffering capacity of the forage. Forages
with less potential of producing WSC and
high buffering capacity tends to limit rapid
pH reduction . The variation recorded in the
pH value of the silages might also be
attributed to their acid buffering capacity
and availability of structural carbohydrate.
The increased CP content and fibre
reduction in the ensiled forages inoculated
with ARF is evidence that the fungal
inoculants are exhibiting their proteolytic
and hydrolytic enzymatic function . The
increased CP content could be as a result of
the solubility of structural carbohydrates
that facilitated fungal growth in anticipation
for the degradation of all dietary nitrogen
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content needed for protein synthesis or can
be attributed to the contributing effect of
fungal biomass . The insignificant CP
increase obtained in some of the forage
silages inoculated with ARF was similar to
that reported by . This might be that the
contributions of fungal biomass towards
total CP content was not significant
enough. The few cases where a significant
increase in CP content was recorded was in
the C, (i.e. tropical plants in hot climate)
plants. This supports the statement that C,
plants generally do contain lower CP
contents, but they are more efficiently
utilised by microbes than C, (i.e. temperate
plants in cold climate) plants .

The increased fibre degradation in
inoculated ensiled forages was in
agreement with previous findings that most
anaerobic rumen fungi were capable of
degrading fibre, due to their enzymatic
activities and the ability of their
mycelium/rhizoids or bulbous hold fast to
penetrate structural carbohydrates . It is
also an indication that the fungi are
exhibiting their fibrolytic activity in
decomposing the structural carbohydrates .
The variation recorded in the preferences
for the substrate by fungal inoculants for
fibre degradation can be attributed to fungal
strains and forage chemical composition, as
different fungal strains vary in their
fibrolytic roles , while forage chemical
composition influences their ability to
support the growth and activity of fungi .
The reduced fibre contents in all the forage
silages was in support of the findings of ,
where some of the fibrolytic enzymes
function of Neocallimastix investigated
increased with increase in incubation time.
The less reduction in fibre in the forage
silages, despite fungal inoculation might be
attributed to the maturity stage of the
forages, as highly matured forages contain
more structural carbohydrates that can
negatively influence the achievement of
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good quality silage . This supports the
report of that high-quality silages using
tropical forages are difficult to produce, due
to their low water-soluble carbohydrates
and presence of natural lactic acid bacteria.
The continued increase in metabolites
content in almost all forage silages
inoculated with Orpinomyces sp., with
increase in inoculation time in tropical
forages, were in agreement with the
findings that the use of additives in
controlling the microbial silage processes
leads to the production of  specific
metabolites that are involved in the
inhibition of the growth and activity of
spoilage microbes (e.g. Clostridium sp.) in
the silage However, the continued
reduction in metabolite contents recorded
in almost all forage silages inoculated with
Neocallimastix sp. was not expected. The
increased TAC with increase in inoculation
time in the tropical forage silages might be
because the fungus was producing TAC as
its specific metabolite. The increased TAC
has other benefits, in that it is involved in
maintaining a balance in the animal health
and immune system . The variation in time
at which each fungal inoculant was
supporting metabolites and TAC, can be
attributed to the fact that fungi vary in the
rate and fermentation time in which they
achieve lignocellulose degradation from
which phenolic compounds are being
released.

The minimal energy loss (i.e. < 5%) and CP
gain in the inoculated forage silages are an
indication that the nutrients are well
preserved and not utilised by spoilage
microbes, which is an attribute of good
quality silage . In addition, the goal of
ensiling was also achieved, which was to
minimise nutrient degradation by spoilage
microbes and conserve a significant amount
of digestible energy and protein for the
ruminant animals . However, the higher
metabolites loss with the use of
Neocallimastix sp., which was

complemented with higher TAC gain, was
not expected. It might be that the fungus
was utilising the metabolites towards
increasing the TAC capacity of forages,
therefore using the TAC as its specific
metabolite that is needed for the inhibition
of'spoilage microbes .

Conclusion

The supplementation of the isolated
anaerobic rumen fungi as silage inoculants
minimally improved the silage quality of
the forages through reduction in pH and
fibre content, as well as increased CP
content, metabolites contents especially by
Orpninomyces sp., and total antioxidant
contents especially by Neocallimastix sp.,
respectively with corresponding minimal
nutrient loss. Further research is, therefore,
necessary to obtain an efficient nutrient
utilisation by animals consuming these
silages by introducing the forage silages
into the rumen environment, with or
without the isolated ARF to manipulate the
rumen microbial ecosystem for an increase
in the fermentation rate. In addition, more
research is required to improve the
fermentation rate of the ARF when used as
inoculants along with natural lactic acid
bacteria (e.g. Lactobacillus plantarium and
L. casei) in silage procedures over a short
period of time.
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