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SUMMARY

As ruminants in Egypt are mainly fed on lignocel-
lulosic agricultural by-products, so the present
study aimed to investigate the fungal cellulolytic
activity in absence of either rumen bacterial or
protozoal populations after 12 and 24 hours of in
vitro incubation. The rumen contents of five
steers were collected immediately after slaughter-
ing and used to generate three microbial systems,
a control system (whole ruminal fluid without
chemical treatment to measure activity of all mi-
crobial groups), a protozoal+fungal system (pro-
tozoal and fungal groups plus antibacterial agent)
and a bacterial+fungal system (bacterial and fun-
gal groups plus antiprotozoal agent). The fermen-
tation patterns of cellulose due to the various
treatments resulted in three distinct groups of
data. Absence of either bacterial or protozoa spe-
cies had a positive effect on fungal zoospores
count, cellulose degradation %, total volatile fatty
acids (VFAs) concentrations but negatively af-

fected methane production without any alteration

in either ammonia nitrogen concentration or CO2
production. Nevertheless, the positive effects
achieved by defaunation outperformed those
achieved by absence of bacterial species. In addi-
tion, defaunation was associated with increased
propionates at the expense of acetates, while, ab-
sence of bacteria did not alter VFAs molar pro-
portions. Moreover, late stages of incubation were
associated with decreased bacterial and protozoal
(entodinomorphs and holotrichs} counts, de-
creased acetic acid and methane production, in-
creased pH value, ammonia nitrogen concentra-
tion, propionic and butyric acids molar
proportions. Despite VFAs concentrations and
cellulose degradation appeared numerically high-
er at 24 hours of incubation, the rate of production ‘
and degradation in the first 12 hours outper-
formed late stages of incubation. Thus it was con-
cluded that negative effect of rumen protozoa on
fungal cellulolytic activity is greater than that of

rumen bacteria.
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INTRODUCTION

Rumen fungi were originally believed to be flag-

ellated protozoa until the pioneer discovery of Or-
pin (1975) that these organisms were actually
flageilated zooSporcs of anaerobic fungi. Al-
though counts of rumen fungi are relatively low in
comparison to those of the bacteria and ciliate
protozoa, they appear to be superior to the rumen
bacteria in their ability to hydrolyze most of struc-
tural polysaccharides occurring in plant cell walls
(Williams et al., 1994; Kopeny and Hodrova,
1995). They are able to weaken and degrade the

more recalcitrant plant tissues as well as penetrat-

ing the cuticle barrier (Akin et al., 1989).

The effects of other ramen microorganisms on
fungal growth and their ability to degrade structu-
ral polysaccharides are not completely understood
and data regarding bacterial- fuhgus and proto-
zoal-fungus interrelationships are contradictory.
Although Orpin and Joblin (1997) recorded a pro-
tozoal predatory activity on rumen fungi, Wil-

liams and Withers (1993) found increased fungal

counts in fauna-free animals after refaunation.

However, the stabilizing role that protozoa have
on the physico-chemical characteristics of the ru-
minal environment may have a beneficial action

for fungi (William and Coleman, 1992).
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On the other hand, a number of studies have re-
vealed an increased fungal biomass and cejlulo-
lytic activity in cocultures with rumen methano-
genic bacteria (Fonty and Joblin, 1991; Orpin and
Joblin, 1997). Howrever when combined in cocul-
ture with the cellulolytic ruminococci, their cellu-
lolytic activity appeared to be inhibited (Bernalicr
et al., 1992),

Lee et al, (2000) concluded that interactions be-
tween rumen microbes can range from synergism
to antagonism depending on the microbial groups
and species involved and the type of substrate

used.

The present study was undertaken to investigate
to what extent cellulose degradation and growth
of rumen fungi could be influenced by in vitro in-

cubation with other types of rumen microbes.
MATERIALS AND METHODS

This experiment was conducted in Dept. of physi-

ology, Faculty Vet. Med.,, Cairo University,
Egypt.

- i ru 0,

Rumen contents used to fractionate the microbial
groups were collected from the rumen of five
slaughtered steers. Collected rumen contents were
strained through four layers of cheesecloth and

brought immediately to the laboratory.
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2-Separation of microbial fractions. For separa-
tion of microbial fractions from the rumen con-
tents, we used chemical treatments previously de-
scribed by Morgavi et al. (1994) and Lee et al.
(2000) with some modifications. Strained rumen
fluid was poured into a separating flask that had
been gassed with oxygen-free CO2. The sample
was then incubated under anaerobic conditions at
39°C for up to 60 min to allow small feed parti-
cles to buoy up and the microbial fractions to sed-
iment at the bottom. Small feed particies that had
floated 1o the surface were removed, and most of
the lower liquid portion was carefully collected
and divided into two parts. The first part was used
to prepare the whole rumen fluid fraction that
contains all types of rumen microbes, and the sec-
ond part was used to prepare the different micro-
bial systems. The following antibiotics and other
chemicals were dissolved in anaerobic distilled
water prepared by boiling and bubbling with CO2
gas, and used as following: antibacterial agents
(streptomycin sulfate, penicillin G, potassium,
and chloramphenicol [0.1 mg/ml each]) and anti-
protozoal agent, sodium lauryl sulfate [0.01 mg/

mi].

3 ion_of mj i t systems:

The following cocultural and microbial treatment
systems were prepared to assess the interactions
between specific microbial groups: a control sys-

tem (whole ruminal fluid without chemical treat-
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ment to measure activity of all microbial groups),
a protozoal+fungal system (protozoal and fungal
groups plus antibacterial agents) and a bacteri-
al+fungal system (bacterié! and fungal groups
plus antiprotozoal agent). Antimicrobial agents
were added to the incubation tubes before inocu-
lating them with microbial fractionates. The fluid
in each system was then anaerobically mixed with
phosphate buffer saline (pH 7.2) in a ratio of :2.
After mixing, 30 m! of the diluted systems were

anaerobically transferred to 60-ml aluminum
tubes containing 100 mg of cellulose microfib-
rills, tubes were incubated at 38°C in a two separ-
ate anaerobic jars (one jar for 12 hour incubation
and the other for 24 hours incubation) under CO2
and hydrogen gases released from a gas-packs
purchased from oxoid. The treatment systerns
were conducted with duplicate tubes for each time

period,

4-Sampling and_analysis: Samples were taken
from all tubes at 12 and 24 hours of incubation.
Immediately pH was determined in the fluid. For
determination of total VFAs concentrations and
individual VFAs proportions 1 ml of 25% mela-
phosphoric acid was added to 5 ml of fermenta-
tion fluid, centrifuged (7,000 x g for 10 min) and
supernatants were stored at -20°C until analyzed.
For ammonia N determination, a 4-mL samnple of
fermented fluid was acidified with 4 mL of 0.2 N

HCl and frozen. Samples were centrifuged at
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5000 x g for 20 min, and the supernatant was ana-
lyzed by spectrophotometry for ammohia N (Cha-
ney and Marbach, 1962).Total VFAs concentra-
tions were measured by steamn distillation
according to Eadie et al. (1967), molar propor-
tions of VFAs were analyzed using High Perfor-
mance Liquid Chromatography (HPLC; Model
Water 600; UV detector, Millipore Crop.) accord-
ing to the method of Samuel et al. (1997).The to-
tal direct count of bacteria, protozoa (Holotrich
and Entodiniomorph) and fungal zoospores were
made using the procedure of Galyean (1989) by a
haemacytometer. Differentiation of rumen fungal
zoospores from small protozoa was based on
characteristics of having flagellae, while large

protozoa had ciliates around the cells.

5- Cellulose degradation %: The remaining con-
tents of the tubes were filtered through a nylon fil-
ter. The retentate was washed with approximately
50 ml of distilled water and transferred to
weighed aluminum dishes by being washed down
with distilled water. The dishes were kept over-

night in an oven set at 80°C as a predrying treat-

- ment and then dried at 135°C for 2 h. They were

i ;{ithen weighed; cellulose degradation % was then
2 ¥

% calculated as original weight of cellulose minus
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dry residue weight (after incubation) divided by
the oniginal sample weight.

6-Statistical analysis; Data were analyzed by two
way analysis of variance (ANOVA) test accord-
ing to Snedecor and Cochran (1980). Treatment
means were compﬁred by the least significance

difference (1.SD) at 5% level of probability,

RESULTS

It is evident from table (1) that late stages of incu-
bation (24 hours of incubation) were associated
with a reduction in both bacterial and protozoal
(both entodinomorphs and holotrichs) counts.
Conversely, fungal zoospores count was increased
by advancement of incubation. The overall means
of different treatment systems denote that defau-
nation had a decreasing effect on bacterial count
and similarly absence of bacterial populations
negatively affected protozoal count (both entodin-
omorphs and holotrichs). In contrast, fungal zoo-
spores count was increased in absence of either
bacterial or protozoal species. Moreover, the
decrement and increment effects induced by ab-
sence of either bacterial or protozoal species were

time-dependent.
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Table (1): Effect of incubation time and microbial treatment systems on microbial count
Bacterial count (x 10° /ml fermented fluid)

fncubation time | Centrol Fungi + | Fungi+ | Overall means of L.S.D. of overall mean of | _
rotozoa | bacteri incubation time treatment effect =0.1014
: P eria L.S.D. of overall mean of time
12 hours of 3.97 0 | 25 216 ° effect = 0.083
incubation £0.07 +0.07 L.8.D, of int‘eraction between
- treatroent x time effects = 0,143
24 hours of 132 0 12 084 °
incubation 0,07 +0.01
Overall means of 2 a a8 e
treatment effect |  2.65 0 1.86
" Entodinomorphide ciliate count (x 10° /ml fermented fluid)
12 hours of 7.92 3.36 0 376 ° L.S.D. of overall mean of
, \ treatment effect = 0,094
E i
ineubation 010 | +0.03 L.8.D, of overall mean of time
24 hours of 270 198 0 1.56 ° effect = 0.076
) ) ) L.S.D. of interaction between
incubation £002 1 2041 treatment x time effects =0.132 !

Overall means of a a a
treatment effect | 5.31 2.67 ¢
o o Holotrich ciliate count {x 10° /ml fermented fluid) - _ f

12 hours of 144 54 ] 66 ° L.S.D. of overali mean of | |
. . ) treatment effect = 3,392
incubation +2.28 +2.28 L.S.D. of overall mean of time
24 hours of 126 36 0 54 b effect = 2.769
. . L.S.D, of interaction between
mchubatlon £170 1 2170 treatment x time effects =4.796 |

Overall means of a a 2

treatment effect 135 45 0

.

. Fungal zoospores count (x 10° /m! fermented fluid)
" 12 hours of 132 198 288 206.00 ° L.S.D. of overail mean of

) \ treatment effect = 3.806 ;
incubation +1.52 *2.35 +L70 L.S.D. of overall mean of time ‘

24 hours of 180 24 378 260_671’ cffect = 3.108
L.S.ID, of interaction between |

incubation %+ 1.84 +£1.95  £1.58 freatment x fime effects = 5382 :

Overall means of a a a

Ltreatmt_znt effect 156 211 L 333

Data —ﬁr;eé-énted as means £ SE, N =5
Values having the same letter in the same raw or column are significantly different at P <0.05
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Table (2) identifies that, pH value and ammonia
nitrogen concentrations were increased at late
stages of incubation. It is worth noting that, de-
spite VFAs concentrations appeared numerically
higher at 24 hours of incubation, VFAs produc-
tion rate at early stages of incubation outper-

formed late stages of incubation. Furthermore,

tions.

VFAs production was increased in absence of ei-
ther bacterial or protozoal species. Meanwhile,
absence of bacterial species induced a time
~independent increment effect on pH value. Nev-
ertheless, absence of either bacterial or protozoal

species did not alter ammonia nitrogen concentra-

Table (2): Effect of incubation time and microbial treatment systems on pH value, total VFAs canc,

and ammonia nitrogen conc,

Rumen pH value

Incubation time Control Fungi + Fungi + Overall L.S.D. of overall mean of
: means of treatment effect = 0.0925
protozoa bacteria incubation L.5.D. of oversll mean of
. time effect = 0.076
o ! time No significant interaction
12 hours of 6.20 6.37 6.31 629 © between treatments x time
incybation % 0.07 £ 0.05 +0.03 effects.
24 hours of 6.77 6.82 6.70 . 68.76 ¢
incubationl +0.02 *0.04 % 0.04
QOverali means of a a b
treatmant offect 6.49 6.60 6.51 i
. Rumen total VFAs cone. (pmol) 1.
" 12 hours of 418 570 874 620.67 © L.5.D. of overall mesn of
. . treatment effect = 25.618
tncubation +10.51 = 7.07 + 8.92 L.S.D. of averall mean of
24 hours of 640 722 1064 808.67 ° time effect = 20.917
. . ' : L.S.D. of interaction
incubation +16.67 1002 +17.49 between treatment x time
effcets = 36.229
Overall means of a a a .
treatment effect 5200 646.0 969,0
e Ruminal ammonia nitrogen conc.(mg/dl)
12 hours of 13.08 - 10.94 11.80 11.94 No overall mean of
. "y treatment effect
_ mc_‘_l_kfl_tm_n_ *0.56 +0.57 +0.40 L.S.D. of overall mean of
24 hours of 17.75 18.04 18.23 i8.01 * time effect = (0,651
. R L.S.1D. of interaction
incubation = (.22 +0.08 +0.21 between treatment x time
N effccts = 1.128
| Overall means of- 15.42 14.49

treatment effect

15.02

Data presented as means = SE, N =5

Values having the same letter in the same raw or column are significantly different at P <0.05
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As shown in table (3), late stages of incubation re-
vealed higher propionic and butyric acids molar
proportions and lower acetic acid molar propor-
tions than early stages of incubation. Absence of
protozoal populations was associated with de-

creased acetates, increased propionates and non-

significant difference in butyrates. Nevertheless,
absence of bacterial populations did not alter ace- '
tates and propionates, however, was associated
with decreased butyrates relative to control. In ad-
dition, increment and decrement effects induced

by defaunation were time-dependent.

Table (3): Effect of incubation time and microbial treatment systems on VFAs molar proportions.

Data presented as means £ SE, N =5 :
‘“Values having the same letter in the same raw or column are significantly different at P <0.05

Data presented in table (4) reveals that CO, production did not differ neither by advancement

Vet.Med.J.,Giza.Vo0l.55,No.4(2007)

. S Acetic acid (mol/100 mol)
Incubation time Control Fungi + Fungi + Overall L.S.D. of overall mean of |
. means of treatment cffect = 0.933
protozoa bacteria incubation L.S.D. of overall mean of
. time effect = 0.762
e e time L.S.D. of interaction
12 hours of 64.17 64.20 65.44 64.60 ° between treatment X time
incubation +0.57 + (.54 * 0,49 effects = 1.320
" 24 hours of 58.85 57.68 44.10 5354 7
incubation *0.31 +0.34 *+ 0.41 !
- —_ ]
Overall méans of a a a
treatment effect 61.51 60.94 54.77
Propionic acid {mol/100 mol)
12 hours of I 18.54 20.02 20.04 2020 ¢ L.S.D. of overall mean of
. . treatment effect = 1.516
e l.r.l_cubatlon =129 +0.57 *0.74 L.S.D. of overall mean of
24 hours of 24.03 24.24 32.24 2684 ° time effect = 1,238 :
] . L.S.D. of interaction |
incubation +0.29 * 0,40 +0.68 between treatment X time
cffeets = 2.144 |
Overall means of b - a ab
treatment effect 21.29 22.13 26.14
e Butyric acid (mol/100 mol) ]
12 hours’of 15.65 13.43 13.53 1420 °© L.S.D. of overall mean of
.. . treatment effect = 1.167
incubation + 0.56 + 0,60 + (L59 L.S.D. of overall mean of
24 hours of 18.15 16.82 19.00 17.99 © time cffect = 0,953 l
. . ' L.S.D. of interaction
incubation. = 0.39 =0.56 + (.66 between treatment  time |
' effects =1.650 |
Qverzll means of a a
treatment effect 16.90 15.13 16.27
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Data presented in table (4) reveals that CO2 pro-
duction did not differ neither by advancement of
incubation nor by absence of ecither bacterial or
protozoal species. In contrast, CH4 was decreased
by advancement of incubation and in absence of
either bacteria! or protozoal species. However the
decrement effect achieved by defaunation outper-
formed the decrement effect achieved in absence
of bacterial species. Additionally, decreased CH4

production was time-dependent and appeared no-

—

ticeable at late stages of incubation. The data also
denotes that cellulose degradation percent was in-
creased in absence of either bacterial or protozoal
species. Nevertheless, increment effect of defau-
nation exceeds that achieved in absence of bacte-
rial species. It is worth noting that, despite cellu-
lose degradation percent appeared higher at 24
hours of incubation, the rate of degradation at ear-
ly stages of incubation outperformed late stages

of incubation.

Table (4): Effect of incubation time and microbial greatment systems on molar propartions of cos

methane and cellulose degradation percent.

| Coz (mol/100 mol} !
Incubation time Control Fungi + Fungi + Gverall No overall treatment effect |
C protozoa . bacteria means of No oversl] time effect
incubstion No significant interaction
between treatment x time
o time cffects.
12 hours of 60.19 57.75 58.02 58.65
“ incubation - £0.98 £1.40 £1.39
7 28 hours of 62.65 60.13 58.61 60.46
incubation +1.50 £ 0.76 x 0,60 !
“Overall means of 61.42 58.94 5832
treatment effect ‘
o Methane (mcl/100 mol) . ]
‘g}_z_nlgour;_qf. 35.28. 3331 1. 3448 34,36 b L.S.D. of averall mean of !
. . treatment effect = 0.844
J t + 0,57 * 0. =+ Q.
....,_.,.i-‘.'.mwba o 5 . 0.50 0-34 L.S.D. of overall mean of ‘
24 hours of 32.50 31.19 23.49 2906 ° time cffect = 0.689 i
. : L.S.D. of interaction
ek eunb . . .
+ dneubation +0.18 + 0.44 + 0.30 between treatment x time
- - ~ effcets = 1,193
1 Overall means of Ao A a
treatmeng.cffet | 33.89 32.25 12899
R Cellulose degradation percent o
12 hours of 11 15 23 1633 ° L.S.D. of overall mean of
. . , treatment effect = 0.666
bation. =0. = 0. +0.
L h'_“_‘f?_“_ 10n 4 0.35 0.24 0.54 L.S.D. of overall mcan of
.24 hours of 17 : 19 28 2133 time cffect = 0.544 :
incubation +0.15 £0.06 +0.35 L.S.D. of Interactian
. between treatment x ime
) . efTects = 0,941 |
Overall means of a A a
treatment effect 14.00 17.00 25.50

“Values baving the same letter in the sarie raw or column are significantly different at P <0.05
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DISCUSSION

Like other tropical countries, ruminants in Egypt
are fed mainly on lignocellulosic agricuitural by-
products which are rich in cellulose, hemicellu-
lose and lignin. The rumen harbors various types
of fungi which are active in degradation of such-
components. However, the antagonistic interac-
tions among fungi and other microbial groups in
the rumen limit their cellulolytic activity. The in-
terrelationships between fungi and rumen bacteria
in absence of protozoa and between fungi and ru-
men protozoa in absence of bacteria can be stud-

ied only in vitro.

Cellulose degradation was significantly higher
during early stages of incubation (first 12 hours)
than during late stages of incubation (following
12 hours). It seems that during these later stages,
the efficient cellulolytic activity of fungal zoo-
spores was responsible for the extent of cellulose
degradation as late incubation was accompanied
with decreased bacterial and protozoal counts and
increased zoospores count. Fungal zoospores
count and their cellulolytic activity appeared
higher in absence of either bacterial or protozoal
populations. However their count and activity
were higher by defaunation than in absence of
bacterial populations. This was true for both early
and late étages of incubation. The antagonistic re-
lationship between protozoa and fungi noticed in

this study confirms the finding of Romulo et al.

Vet.Med.J.,Giza.Vol.55,No.4(2007)
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(1986) who showed two- to fourfold increase in
zoospores and zoosporangia of anaerobic fungi in
defaunated sheep. Moreover, Soetanto et al.
(1985) and Ushida et al. (1989) found increased
fungal populations in defaunated animals and ob-
served increased digestion of the high-fiber diet
fed to these animals. However it contradicted
Williams and Withers (1993) who did not observe
a decrease in fungal concentratioﬁs when defau-
nated sheep were refﬁunated. Also Newbold and
Hillman (1990) observed only small increases in
fungal zoospores in defaunated ruminants. This
antagonistic effect may be mainly attributed to the
predatory activity of protozoa on rumen fungi as
suggested by Orpin, (1984). Another possible ex-
planation is that fﬁngal sporangiumn can be de-
graded by protozoal chiﬁnolytic enzymes (Morga-
viet al., 1994).

Increased fungal zoospores count and cellulolytic
activity in absence of bacterial populations con-
firms the observed negative effects of _bacteria'on
fungal cellulose digestion noticed by Bernalier et
al. (1992, 1993} and Dehority and Tirabasso
(2000). Inhibition of fungal activity is perhaps
caused by an extracellular factor released by cel-
Iulolytic bacteria (Stewart et al., 1992) that inter-
fere with attachment of rumen fungi to cellulose
{Bernalier et al.1993).

Lee et al (2000) suggested that the contribution of

the fungal fraction to cell wall degradation rﬁay
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greatly exceed that of the bacteria. They conclud-
ed that the relative contributions of microbial
fractions to the overall process of cell wall diges-
tion are in the following order: fungal fraction >

bacterial fraction > protozoal fraction.

Decreased protozoal count in absence of rumen
bacteria could be due to insufficient nitrogenous
compounds and other required nutrients for proto-
zoal growth obtained by predation on rumen bac-
teria, a fact that was well-established by a series
of studies as reported by Coleman (1975). In ad-
dition, decreased bacterial count by defaunation
may be a result of little redox potential. Protozoa
consume oxygen (Williams, 1986} and oxygen
levels were found to increase transiently in defau-
nated animals (Hillman et al., 1985).

The molar proportions of volatile fatty acids pro-
duced in vitro were ‘close to those which have
been observed in ruminal fluid in vivo with simi-
lar diets showing the similarity between in vivo
and in vitro 'fcm;‘\.entations and that a relatively
normal rumen microbial population was main-
tained in this in vitro study. Increased ccilulolysis
in absence of bacteria did not alter VFAs propor-
tions, however in absence é}f protozoa, enhanced
cellulolysis was accompanied by increased propi-
onates at the Ie:lbénsc of acetates only at late stag-
es of incubation. This could be attributed to the
process of interspecies hydrogen transfer (Lopez

et al.,, 1995). As Methanogenic bacteria are me-

1062

tabolically correlated with ciliate protozoa (New-
bold et al., 1995) so defaunation reduces methan-
ogenesis and directs hydrogen for propionates
production. Santra et al. (1996) found that defau-

nating agents strongly inhibit methanogenesis.

Absence of either bacterial or protozoal popula-
tions did not alter pH value and ammonia nitrogen
concentrations; however, both values were higher
at later stages of incubation. These results when
correlated with other events at late stages of incu-
bation like, reduced bacterial and protozoal count,
reduced cellulose degradation and reduced VFAs
production, mostly indicates, reduced ammonia
utilization for microbial protein synthesis in ab-
sence of adequate energy-yielding substrates. It is
well-known that ruminal ammonia nitrogen is a
good indicator for energy availability (Mabjeesh
et al.,, 1997) and a balance between nitrogen sup-
ply and energy- yielding substrates is essential for
maximization of microbial protein synthesis (Sin-
clair et al., 1993).

It appears that the negative effect of rumen proto-
zoa on fungal cellulolytic activity is greater than
that of rumen bacteria and attenuation of this ef-
fect would result in an overall improvement of the

amount of cellulose degraded.
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