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The fungal population and mycoflora of partially digested cellulose from the abomasum of beef
cows were investigated over a period of seven days, using standard methods. The temperature
of the partially digested cellulose immediately after collection from the abomasum was 35.9
+0.58°C. The fungal populations ranged from 1.6x10° cfu/g to 4.2x10° cfu/g with a mean count
of 3.2x10° cfu/g + 0.51x10° cfu/g. Fungal populations of the partially digested cellulose were
generally highest on the first day of sample collection but there was no significant difference
among cows on the first day of collection. However, marked reductions (p<0.05) in fungal
population were noted on the seventh day after collection, possibly due to the influence of
external environmental factors. The fungi isolated from partially digested cellulose and their
frequency of isolation were Aspergillus clavatus (3.2%), Aspergillus flavipes (16.1%),
Aspergillus  fumigatus (6.5%), Aspergillus niger (12.9%), Aspergillus sulphureus (3.2%),
Aspergillus wentii (6.5%), Mucor sp., (12.9%), Penicillium aurantiovirens (6.5%), Penicillium
breviscaupactum (9.7%), Penicillium raistrickii (16.1%), and Rhizopus sp. (6.5%). These Fungi
are important initiators of fermentative breakdown of insoluble plant materials.
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Introduction

The cow is a ruminant animal that feeds mainly on grasses, which after
ingestion are digested, absorbed and utilized (Iwena, 2002) by the animal.
Cellulose is the chief component of plant cell walls and is a polysaccharide
chemically bonded in a way that most organisms can not digest (Gottfried,
1993). In the plant, cellulose chains are formed in an ordered manner to
produce compact aggregates (microfibril) held together by both inter and intra
molecular hydrogen bonding. In the plant cell wall, the cellulose is closely
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associated, physically and chemically, with other components especially
hemicelluloses and lignin (McDonald ef al., 1998). Hemicelluloses are alkali
soluble cell wall polysaccharides closely associated with cellulose. Lignin is not
a carbohydrate but is closely associated with the group of compounds and
confers chemical and biological resistance to the cell wall and mechanical
strength to the plant (McDonald ef al., 1998).

Ruminants feeds consist mainly of starch and water in-soluble
carbohydrates such as cellulose and hemicelluloses, which cannot be broken
down by mammalian digestive enzymes (McDonald ez al., 1998). Cellulases are
enzymes which degrade at least some form of cellulose. Since they are not
produced in animals, herbivores must rely on symbiotic cellulolytic
microorganisms to digest their dietary cellulose (Singleton and Sainsbury,
2001). Many fungi, bacteria and a few protozoa can degrade cellulose. The cow
stomach (rumen) inhabits a large number of microorganisms that digest
cellulose contained in its feed (Orpin, 1976; Bauchop, 1980; Iwena, 2002).
Bacteria are the principal agents for fermenting plant cell wall carbohydrates
but fungi appear to have a close relationship with other microbes in the rumen
(Orpin and Letcher, 1979).

The cow’s stomach is divided into four compartments (McDonald ef al.,
1998): the rumen, its continuation the reticulum, omasum and abomasum - true
stomach (Orskoy, 1983). When a ruminant animal like a cow feeds, it cuts the
grass and swallows it with minimal chewing through the oesophagus to the
rumen where the grass is stored. By anti-peristaltic movement of the stomach
the undigested grass passes from the rumen to the reticulum from where it re-
enters the oesophagus (regurgitate) back to the mouth. The food is now chewed
properly by using the molar and premolar teeth (chewing the cud) into a semi
liquid cud which is-swallowed. This liquid cud now moves into the Omasum
from where it passes to the Abomasum. This whole process is called rumination
(Ulyatt, 1982). In the abomasums, enzymes are secreted which act on the food.
Further digestion and absorption of the food take place progressively along the
digestive tract. The digested food is then absorbed into the blood through the
villi in the small intestine while the undigested food passes to the large intestine
where they are removed through the anus as cow dung or feaces (Iwena, 2002).
The resultant faecal matter is rich in minerals. Colour ranges from greenish to
blackish. In due course of time, the resulting matter turns yellow due to
chemical changes caused by sunlight (Syed, 2004).

Cow dung is used as soil conditioner or fertilizer in many parts of the
developing world, especially India where it is known as gober. Cattle dung is a
potentially enormous energy resource (Dahiya and Vasudevan, 1986). The net
effect of digestion in the “rumen” is the conversion of dietary materials to a
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mixture of fatty acids (mainly acetic, butyric and propionic acids), gases
(primarily CO, and CH4 — which are voided by eructation) and microbial
biomass. The successful conversion of manure into biogas depends on
manipulating the digestive and respiratory process of microorganisms. When
respiration occurs in the absence of air or oxygen, the gas produced is a mixture
of methane and carbon dioxide in the ratio of about 2 volumes of methane for
every 1 volume of carbon dioxide. After the carbon dioxide is removed, the
methane provides a clean and efficient fuel and the residual sludge is a good
fertilizer (Fullick, 1994).

A mixed population of microorganisms - bacteria, fungi and protozoa is
needed to digest the dung and the process is similar to that which occurs in the
guts of ruminants like the cow. Small family biogas producers are currently
used in both China and India and the digester produces excellent fertilizer and
high quality gas (Herald, 2004). Capturing and utilizing the methane gas has
significant benefits to the environment. When the methane is allowed to occur
naturally and escape into the atmosphere, it may contribute to the green house
gases that alters the intensity of the sun.

There is a lot of literature on biogas production and fertilizer from cow
dung. However, there is little information on the associated microorganisms -
mostly on bacteria and not on fungi which are important initiators of cellulose
degradation or breakdown. In fact, some rumen microorganisms which were
once thought to be protozoa are now known to be fungi — e.g., the species of
Neocallimastix frontalis, Piromonas communis and Sphaeromonas communis
(Orpin, 1979; Orpin and Letcher, 1979; TIM, 1997). Our objective was to
isolate and identify the fungi in partially digested cellulose with the aim of
determining the fungal population and types associated with the degradation of
cellulose in the abomasum of cows as well as production of biogas and organic
fertilizer.

Materials and methods
Slaughter house and collection of partially digested cellulose

The slaughter house in which the cows were slaughtered and partially
digested cellulose (feed material) collected was located along Airport Road in
Rumuokoro in Obio/Akpor Local Government Area of Rivers State, Nigeria.
The slaughter house was visited at about 6:30 am on the days of sample
collection. The partially digested cellulose (feed material) was aseptically
collected from the abomasum of freshly killed cows into four sterile 500mL
flasks. A mercury thermometer was immediately immersed into each flask
containing the partially digested cellulose to determine the temperature. Flasks
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were then corked and labeled as samples A, B, C, and D respectively. The
samples were then transported immediately to the laboratory for analysis.
Sample collection was carried out on three occasions from the abomasums of
three cows designated as Cow No. 1, Cow No. 2, and Cow No. 3. A total of
twelve samples were collected during the investigation.

Media for isolation of fungi

Potato dextrose agar (PDA) was used for isolation and enumeration of
total heterotrophic fungi. The composition of the medium was potato (200 g),
distilled water (500 ml), glucose — D (15 g), and agar No. 1 (20 g). Tetracycline
was added to prevent bacterial growth and facilitate selective isolation of yeasts
and moulds (Walker and Colwell, 1976; Paul and Clark, 1988; Harrigan and
McCance, 1990). The medium was cooled to 45°C under aseptic condition,
mixed thoroughly and then dispensed into sterile Petri dishes to set.

Cultivation, isolation and enumeration of saprophytic fungi from partially
digested cellulose

On arrival in the laboratory, the four samples were treated or analyzed
separately as to have a thorough sampling study of the partially degraded
cellulose. Saprophytic fungi in partially digested cellulose were estimated by
dilution plate count method (IPS, 1990). Sterile physiological saline i.e. 0.85%
(w/v) sodium chloride was used as diluent for inoculum preparation.

One gram (1.0 gm) of homogenized sample of partially digested cellulose
was aseptically transferred, using a flame-sterilized steel spatula, into a sterile
test tube containing 9.0 ml of the diluent. This gave 10" dilution. Subsequent
serial dilution was carried out with the use of sterile 1mL pipette to a second
test tube containing 9.0vml of diluent to give a 107 dilution. Another 1mL was
transferred from the 107 dilution to the next test tube to give 10~ dilution
(Cheesebrough, 1984). A zero point one millitre (0.1 ml) aliquot of 107 dilution
of each sample was aseptically removed with a sterile pipette and separately
spread plated with flame-sterilized glass spreader on well-dried PDA plates in
triplicates. The cultured plates were inverted and incubated at room temperature
for 3-5 days. After incubation, the colonies that developed on the PDA plates
were counted and recorded as counts of total viable saprophytic fungi. The
colonies counted were computed and expressed as colony forming unit (cfu) per
gram of partially digested cellulose. The diameter, colour, colonial
characteristics of the colonies were also observed and recorded. Discrete
colonies were subcultured onto freshly prepared medium for the development
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of pure isolates, which were stored on potato dextrose agar slants for
subsequent characterization and identification.

Presumptive identification of fungal isolates

Pure Fungal cultures were observed while still on plates and after wet
mount in lacto-phenol on slides under the compound microscope. Observed
characteristics were recorded and compared with the established identification
key (Malloch, 1997).

A small portion of each colony was picked with a sterile needle and
teased out in a drop of water on a clean slide over-laid with cover glass.
Prepared slide was examined under the microscope starting with a low power
objective (x10), then the high power dry objective (x40) for better field view
and magnification. This is the wet mount method. The microscopic examination
was done by observing cultural characteristics, asexual and sexual reproductive
structures like sporangia, conidia head, arthrospores, vegetative mycelium,
septate and non septate (Barnett and Hunter, 1972; Malloch, 1997).

On the altemative, slide culture was carried out by using 20 ml of
glycerol which was measured into 80 ml of distilled water. This is 20%
glycerol. About 1 cm square medium of prepared SDA was cut with a sterile
blade onto a clean slide. The four sides of the PDA solid medium were
inoculated with culture and covered with cover ship. Slide was transferred onto
glass rods in closed moist petridishes containing some layers of blotting paper
soaked with 20% glycerol and incubated at room temperature for 3 days. We
carried out a microscopic examination of cultural characteristics and asexual
and sexual reproductive structures like sporangia, conidial head, arthrospores,
vegetative mycelium, septate and coenocyte (Abbey, 1995).

Statistical analysis

The experimental design was complete randomized block with three
replicates. Statistical analysis was performed using analysis of variance
(ANOVA) on data obtained for the fungal counts according to Gomez and
Gomez (1984).

Results and discussion

The average temperatures of the four replicate samples of partially
digested cellulose soon after collection from the abomasums of Cow numbers 1,
2, and 3 were 35.0°C, 37.0°C and 35.8°C, respectively. The average

temperature of the samples from the three abomasums was 35.93°C + 0.58°C.
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This temperature range is within the mesophillic range. The population of fungi
from each sample of partially digested cellulose was determined by calculating
the mean of replicate cultures of each sample. The result of the fungal
population in partially digested cellulose from the three cows is as shown in
Table 1.

Table 1. Fungal population in partially digested cellulose from the abomasum
of three cows.

Incubation period and fungal counts (cfu/g) for cow No. 1

Sample Day 1 Day 3 Day 7 Average
A 3.9x 10° 19x10° 12x10° 23x10°
B 17x10° 29x10° 8.5x10° 44x10°
C 48x10° 3.0x10° 15x10° 3.1x10°
D 39x10° 1.5x10° 12x10° 22x10°
Average 3.6x10° 23x10° 3.1x10° 3.0x10°
Incubation period and fungal counts (cfu/g) for cow No. 2
Sample Day1 Day3 Day7 Average
A 32x10° 3.6x 10° 57x10° 39x10°
B 22x10° 56x10° 9.0 x 10? 29x10°
C 8.0x 10° 1.6x 10° 8.0x10° 34x10°
D 34x10° 22x10° 7.0x10° 2.1x10°
Average 42x10° 33x10° 19x10° 3.1x10°
Incubation period and fungal counts (cfu/g) for cow No. 3

Sample Day1 Day3 Day 7 Average
A 1.8x10° 34x10° - 1.7x10°
B 2.6x10° 2.1x10° - 1.6 x 10°
C 1.7x10° - - 5.7 x 10
D 1.1x10° 1.0x 10° - 7.0 x 10?
Average 1.7x10° 1.6x10° - 1.1x10°

The mean of fungal population for Cow No. 1 decreased from 3.6 x 10°
cfu/g on day 1 to 3.1 x 10’ cfu/g on day 7. The mean population of fungi for
Cow No. 2 was 4.2 x 10° cfu/g for day 1, 3.3 x 10°cfu/g for day 3, and 1.9 x 10°
cfu/g for day 7. The mean population of fungi for Cow No. 3 was 1.7 x 10° for
day 1 and 1.6 x 10° for day 3; day 7 showed no growth. The fungal populations
of the partially digested cellulose were generally highest on the first day of
sample collection and analysis. This was so because the partially digested food
provided soluble nutrients for the mycoflora of the abomasum which made use
of the readily metabolisable nutrients in the food. The readily metabolisable
nutrients decreased with time which also resulted in the decrease in fungal
population. Statistical analysis using analysis of variance (F-test) showed no
significant difference in the fungal population in partially digested cellulose
from the abomasums of the three cows on the first day of collection. However,
a substantial (p<0.05) increase in the population was noted on the seventh day
after collection. This shows that external environmental factors had an effect on
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the fungal population in the partially digested cellulose. The abomasum of the
cow from which the partially digested food was collected can be regarded as an
anaerobic environment and it is therefore expected that anaerobic mycoflora
will proliferate. However, the incubation of cultures was carried out under
aerobic condition which may have resulted in the reduction in population of
fungi with increased incubation period and the non proliferation of fungi on the
7" day in some cases. This shows that some of the fungi in the partially
digested cellulose were unable to adapt to aerobic conditions under which the
cultures were studied. The inability of fungi to proliferate after several days of
incubation affirmed that the fungi isolated in this study were actually associated
with the digestion of plant materials in the anaerobic digestive tract of the cows.

The occurrence of fungi isolated from partially digested cellulose from
the abomasum of the cows and their frequency (%) of isolation are as shown in
Table 2.

The fungi isolated from partially digested cellulose and their frequency of
isolation were Aspergillus clavatus (3.2%), A. flavipes (16.1%), A. fumigatus
(6.5%), A. niger (12.9%), A. sulphureus (3.2%), A. wentii (6.5%), Mucor sp.,
(12.9%), Penicillium aurantiovirens (6.5%), P. breviscaupactum (9.7%), P.
raistrickii (16.1%), and Rhizopus sp. (6.5%). Generally, the fungal species
isolated belonged to the four genera of Aspergillus, Mucor, Penicillium, and
Rhizopus. These fungi genera are the first invaders to commence digestion of
structural plant components (Okigbo, 2005; Okigbo and Obire, 2009). They are
also known to be ubiquitous in nature and are characteristically saprophytic.

Table 2. Occurrence of fungal isolates in partially digested cellulose from the
abomasum of beef cows and their frequency (%) of isolation.

Fungal isolates Cow No. 1 Cow No. 2 Cow No. 3 % Frequency
Aspergillus clavatus - + - 32
Aspergillus flavipes + + + 16.1
Aspergillus fumigatus - + + 6.5
Aspergillus niger + + - 12.9
Aspergillus sulphureus - - + 32
Aspergillus wentii - + - 6.4
Mucor sp + + + 12.9
Penicillium aurantiovirens + - - 6.5
Penicillium brevicompactum - + + 9.7
Penicillium raistrickii + + + 16.1
Rhizopus sp + + + 6.5

+ = Fungus isolated

= Fungus not isolated

The mesophillic range of temperature characterizing the partially digested
cellulose in the abomasum will favour the activities of thermophillic fungi
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(especially the mucorales - Rhizopus and Mucor which are then replaced by
Hyphomycetes — Aspergillus and Penicillium). These become predominant at a
temperature range of 30 — 50 °C as is common during composting. Fungi are
ubiquitous in nature and are found in soil, air and water (Jawetz et al., 2002).
Species of the genera Candida, Aspergillus, Penicillium, Rhizopus and Mucor
are common (Nester et al., 1998). These fungi usually gain entrance into the
digestive tract of ruminants through food and water. It is therefore not unusual
to find species of these genera in the partially digested cellulose collected from
the abomasum of cows and in cow dung (Preston, 1987; Obire et al., 2008).

The species of fungi isolated from the dung as reported in Gadre et al.,
(1986) included Aspergillus spp., Piramonas commonis, Sphaeromonas
communis, Rhizopus spp., Mucor sp. and Penicillium spp. The saprophytic
fungi (yeasts and moulds) isolated from cow dung (Obire et al., 2008) were
Alternaria sp., Aspergillus sp., Cephalosporium sp., Cladosporium sp.,
Geotrichum sp., Monilia sp., Mucor sp. Penicillium sp., Rhizopus sp.,
Sporotrichum sp., Thamnidum sp., Candida sp., Rhodotorula sp. and
Torulopsis sp.

Health hazards may be associated with improper handling of animal
wastes. Their use and disposal are some of the major sanitation problems in
many developing countries, including Nigeria. The fungi isolated in this study
can further be used to stimulate enhanced degradation of animal wastes, plant
material and other decomposable organic materials for the production of biogas
in biodigesters and in the production of compost or high quality soil
conditioners (fertilizers). The fungal isolates may also be used in the production
of enzymes for other industrial applications.
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