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Abstract: The relative capabilities of different rumen microorganisms to degrade forage fiber were compared
in vitro. Forages were used, as the substrates m the culture of rumen microorganisms, were alfalfa hay and
wheat straw. Microbial groups were separated by physical (sedimentation and centrifugation) and chemical
(addition of various antibiotics) treatments of rumen fluid. Prepared microbial fractions were: Whole Ruminal
Fluid (WRF), Bacterial (B), Protozoal (P) and Fungal (F) fractions; cocultures of B+P, B+F and P+F and a free-
microorganisms rumen culture as Negative System (N'3). Light microscopic observations of samples during the
incubation period supported that fractionation method used for separating different microbial groups were
satisfactory. The results indicated that WRF and cocultures were more effective than monocultures on dry
matter loss of all forages. However, the effect of bacterial fraction on DM loss of alfalfa was equal to WRF and
cocultures but more than the other two monocultures. The NDF and ADF losses of alfalfa and wheat straw were
higher in the B+P than other cocultures (i.e., the P+F and B+F) and WRF. The ADL loss when averaged across
both forages was highest (about 15%) due to WRF and lowest (about 8%) to protozoal fractions. In general,
rumen bacterial fractions appeared to be the most active fiber degraders between rumen microorganisms. The
protozoal and fungal fractions showed lower capability in this regards. However, cocultures of different rumen

microbial fractions seemed to display synergetic interactions.
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INTRODUCTION

The rumen 1s a complex ecosystem that contamns
many different microbial species and has a great potential
for in vitro microbial association. Bacteria, protozoa and
fungi have all been shown to involved in plant cell wall
degradation. The anaerobic fungi may account up to 20%
of the total microbial biomass i the rumen of sheep
(Rezaeian et al., 2004). Microscopy studies (Akin et al.,
1983; Bauchop, 1979a) indicated that rumen fungi are
better able than bacteria to colonize the lignocellulosic
components of plants and that they effectively degrade
and wealken lignified tissues (Akin and Rigsby, 1987).
However, they were loss effective in converting lignin to
gases and were less able to solubilize the lignin
component compared with  ruminal = bacteria
(Gordon and Phillips, 1989; Akin, 1986). Despite these
findings and those showed the contribution of ruminal
fungi (Lee et al., 2000, Akin et al., 1989) to fiber digestion,

it appears that under many conditions bacteria still are
prominent and active fiber degrading group in the rumen
(Akin and Benner, 1988; Windham and Akin, 1984).

The rumen protozoa has been shown to attach to
damaged regions of fresh plant materials undergoing
digestion in the rumen of sheep (Bauchop and Clark, 1976)
and to associate with and degrade tissues in alfalfa stems
(Bauchop, 1979b) and mesophyl tissues of cool season
grass leaves (Amos and Alkin, 1978). However, the exact
role and overall contribution of each microbial group and
their interactions to degradation and fermentation of plant
cell wall material requires further attention. Therefore, the
objective of the present study, were: to determine the role
of mndividual microbial groups in degrading fiber, using
physical and chemical treatment to suppress growth of or
to select for specific microbial population and to
quantitate forages of various digestibilities for
degradation by single group or mixed population of rumen
microorganisms.
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MATERIALS AND METHODS

Preparation of forage substrates: Forages were collected
from well managed fields near Isfahan and mcluded wheat
straw (Harvested once) and alfalfa (early bloom). Forage
samples stored in plastic bags at -20°C and immediately
before being used , these samples were dried at 50°C for
48 h. For in vifro dry matter digestibility and chemical
analysis, the subsamples of all dried forages were ground
topass 1 mm screen.

Animals and collection of rumen contents: The ruminal
contents removed though the cannula from 3 fistulated
mature shull rams. The ammals had been housed
mndividually in metal pens. The ration consisted of 700 g
alfalfa hay, 300 g wheat straw and 200 g barley grain per
animal and fed twice a day in two equal meals. Water was
available ad libitum. All samples 1solated from the rumen
just before morning rations were consumed. The collected
digesta were transported by preheated (39°C) bottles to
the laboratory and immediately strained through three
layers of cheese clothes.

Separation of microbial fractions: As given n Fig. 1, the
Strained Rumen Fluid (SRF) fractionated to 3 equal
portion: About 500 ml, of the SRF was intactly used as
mocula to evaluate the activity of all microbial groups

Rumen content

(WRF: Whole Ruminal Fluid), Protozoa + Fungal (P+F)
and protozoa + bacterial (P+F) cocultures. The 2nd
portion (about 700 mL) transferred to a stoppered
separating fummel and allowed to stand for approximately
60 mm at 39°C. The glass utensils gassed with CO, and
pre-warmed to 39°C before use. Scum layer of small
flocculant debris removed by suction and discarded.
Most of the lower sedimental was collect and diluted by
autoclaved rumen fluid (2X) and used to prepare Protozoal
(P) fraction. The liquor fraction remaining after
sedimentation does contain some of the smaller protozoa
that have not settled. So, this part was recovered by
centrifugation (1000 g for 10 min) and retentate was
combined with the protozoal fraction. The remaining part
was centrifuged at 1500 g for 25 min in order to remove
protozoal cells. The supernatant was carefully collected
and used to asses the effect of Fungal (F), Bacterial (B)
fractions, coculture of Bacteria and Fungi (B+F) and a
negative system. A summary of these separation
procedure is given in Fig. 1.

The following antibiotics were prepared and added to
bottles inoculation with microbial groups:
Antibacterial agents (1.25 mg penicillin G and 200 pg
streptomycin mI. ™" of broth) and antifungal agent (0.05 mg
cycloheximide mL.™" of broth). Antibiotics were prepared
such that 1 mL of solution was added to each bottle to

before

Strained through 3 layers of cheesecloth

Strained rumen liquor

Transfer to stoppered separating
fimmel. Leave for 60 min at 39

Cen

(1500 g 25 min ™)

. _|_
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Seum of small | .
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Fig. 1: Separation procedure for microbial fractions, F: Fungi, B: Bacteria; P: Protozoa, WRF: Whole Ruminal Fluid,

NS: Negative System
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give the desired concentration. Tn WRF or treatments with
only one antibiotic, water was added to keep amount of
additional liquids equivalent.

Culture conditions and in vitre incubations: The medium
used in experimental cultures was based on medium 10 of
Caldwell and Bryant (1966), except that agar was omitted
and soluble carbon sources were replaced with forage
substrates. Triplicate 500 mg samples of each substrate,
for each of 8 inoculum sources, were placed in 50 mL
serum bottles and 35 mL of sterile medium was added.
Bottles were flashed with CO,, stoppered with butyl
rubber stoppers and aluminum crimp seals, autoclaved
(121°C for 30 min) and stored at +4°C until used.

Each bottle was moculated by 5 mL of microbial
fractions through the septa. Samples were mcubated for
72 h at 39°C with occasional shaking. Tnoculated blanks
for each microbial fraction were also run in duplicate.

Chemical analysis: Forage substrates were analyzed for
DM by drying at 105°C for 24 h and CP was estimated as
kjeldahl N x 6.25 (AOAC, 1995). All forage samples and
in vitro fermentation residues were analyzed for Neutral-
Detergent Fiber (NDF), Acid-Detergent Fiber (ADF) and
72% H,30, lignin (ADL), as described by Goering and
Van Soest (1970). Loss of fiber components were
calculated based on indigestible dry matter remaimng,.

RESULTS AND DISCUSSION

The chemical compositions of wheat straw and alfalfa
are summarized mn Table 1. The H,S0, lignin values of
wheat straw and alfalfa were comparable, the degree of
lignification between these 2 differed due to amount of
cell wall fiber. On the other hand, the amount of cellulose
and hemicellulose in wheat straw were greater than alfalfa.
These differences provide a comparative determination of
the role of microbial groups play in degrading fiber

components, especially lignin  and lignocellulose
(Windham and Akin, 1984).
Dry matter loss of all forage samples were

significantly affected by microbial treatments (Table 2).
Weight losses occurring in the absence of microbial
activity (negative system) were about 8-36% of dry
weight. Light microscopic monitoring of blanks, during
first 24 h of incubations period, showed the absence of
microbes in the negative controls. So, most of the weight
loss 1n these groups can be attributed to the loss of
soluble components (Akin and Benner, 1988; Akin et al.,
1989).

With the monocultures (1.e., the bacterial, protozoal,
or fungal fraction alone), overall degradation rate by the
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Table 1: Composition of forages used as substrate before incubation with
microbial fractions

Comp onent Wheat straw Alfalfa
Crude protein 5.5+£0.50 19.1+0.3
Crude fat 1.1£0.50 1.0+0.04
NDF 69.2+0.30 43.5+0.4
ADF 48.4+0.30 34.7+£0.2
ADL 9.9+0.06 8.4+0.08
Cellulose 38.5+1.00 26.3£0.5
Hemicellulose 20.8+0.30 8.7+0.5

Values represent averages of three measurments

bacterial fraction was sigmificantly highest (p<0.05). The
rumen bacteria are believed to be responsible for most of
feed digestion in the rumen because of their numerical
predominance and metabolic diversity (Cheng et af.,
1991). The results of studies using antifungal agents (e.g.,
Cycloheximide) showed that contribution of bacteria in
degrading dry matter were equal to WRF and greater than
fungi (Akin and Benner, 1988, Windham and Akin, 1984).

In the present study, evaluation of dry matter loss
and digestion of NDF, ADF and ADL did not indicate a
major role for a fungal fraction as utilizers of ligmin or
degraders of lignified fiber. The only link between fungal
activity and DM loss occurred with wheat straw (Table 2).
The failure of fungi fraction to degrade cell wall
components was enmigmatic, since anaerobic fungus can
produce a large amount of cellulase, hemicellulase and
particularly  proficient 1in  producing Xylanasis
(Akin and Borneman, 1990). Further, rumen fungi have
been shown to attack and degrade  tissues
containing lignin, which are more resistant to rumen
bacteria (Akin ef al., 1983). Cheng et al. (1991) suggested
that anaerobic rumen fungi show a marked lag in their
in vitro ability to degrade cell wall matenials. So, the lack
of degrading might indicate that the fungi did not perform
to their potential in cwrrent experiment. Further, Bauchop
(1981) has suggested that fungal populations adopted to
different diets could vary in invasiveness.

The importance of protozoa to host ruminant is not
always apparent (Eadie and Gill, 1971). In vifre studies
indicated that approximately a quarter to 1/3rd of fiber
breakdown in the rumen was protozoal (Amos and Ak,
1978; Demeyer, 1981). The majority of protozoa appeared
to resemble E. ecaudatum which have been show to
actively attack and ingest cell walls of certain plants
{(Bauchop and Clark, 1976; Amos and Akin, 1978) and to
associate with and degrade tissues in alfalfa stems of
cool-season grass leaves (Bauchop, 1979a). However, the
protozoa fraction alone did not progressively degrade the
cell wall matenal n our experiment, which 1s in agreement
with Lee et al. (2000) showing inability of protozoa
fraction to ferment orchard grass cell wall extracts.
Perhaps, initial degradation or physiological interactions
with other microbes are required before protozoa can
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Table 2: Dry weight loss and degredation rate of fiber components from alfalfa and wheat straw after incubation for 3 days with different microbial fractions

Microbial treatment®

Component Substrate F B P WRF B+F P+F B+P NS SEM
DM ALF 39.97¢4 53.28% 42.71° 58.47% 54.76%® 49.88° 57.01* 36.37 1.69
WS 2347 3067 11.49° 33.54° 30.56° 31.88" 40.08° 7.765 2.20
NDF ALF 9.944 24.37 10.85¢ 32,438 25.39° 18.55 30.000 1.63® 2.19
WS 3.514 77 1.59¢ 13.7* 14.27¢ 12.63" 14.81= 0.48¢ 1.40
ADF ALF 4.51¢ 1947 4.80¢ 29,390 24.66° 19.81° 3017 0917 2.30
WS 4.13% 5.58 1.40¢F 14.54% 12.36¢ 15.9% 20.300 0.497 1.48
ADL ALF 14.30¢ 17.87¢ 14.97¢ 28.12% 24.89%® 21.35% 14.63¢ 0.30¢ 1.76
WS 1.254 2,998 1.18% 11.16* 7.7 8.63* 15.57= 0.19¢ 1.11

*F: Fungi; B: Bacteria; P: Protozoa, WRF: Whole Ruminal Fluid and NS: Negative System. Means (n = 3) in the same row with different super scripts are

significantly different (p<0.05)

degrade certain forages. However, higher DM and NDF
loss of alfalfa with protozoal monoculture showed a
substrate * treatment interaction (p<<0.05). Windham and
Alkin (1984) suggested that degradation of more soluble
carbohydrate components in DM and NDF fractions of
alfalfa might be due to protozoa and especially holoterichs
activity.

WRF and cocultures (B+P, B+F and P+F) were more
effective compared to monocultures. The greatest overall
dry matter and NDF losses (about 58 and 32%,
respectively) from alfalfa occurred in WRF treatment. This
would agree with the result of some experiments, using
antibiotics to select for activity of certain group of
rumen microbes (Akin and Benner, 1988; Akin et al., 1989,
Lee et al., 2000, Windham and Akin, 1984).

The protozoal fraction alone failed to degrade cell
wall material in our experiment, but in coculture with either
Bacterial (B+P) or the fungal fraction (P+F) synergetically
increased degradation of ADF from both forages
compared to bacterial or fungal monoculture. in vitro the
degradation on cellulose was improved when protozoa
were added to a suspension of bacteria (Yoder et al.,
1966), while Hidayate ef af. (1993) reported the addition of
protozoa to a bacterial suspension did not further increase
fermentation and Lee ef al. (2000) observed protozoa
fraction inlibited the degradation rate of cell wall material
by both the fungal and the bacterial fractions in
Moreover, Orpin (1984) reported that
fingi and rumen protozoa may be
complementary rather than competitive in a natural
systerm.

The ADIL loss when averaged across both forages
was highest (about 15%) due to WRF and lowest (about
8%) to protozoal fraction. In addition, total loss of ADL in
cocultures were more than monocultures (except for B+P
with in alfalfa). These data suggest a biological interaction
of rumen microbes to degradation of ligmn Fung:
monoculture in our study did not preferentially degrade
the lignin component. Tn agreement Akin and Benner
(198%), utilizing [*C] lignocellulose from cord grass, found
that ruminal fungi colomzed the lignocellulosic tissues but

cocultures.
anaerobic
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did not preferentially degrade the lignin component. As
they suggested, 1.25 and 14.3% loss of ADL (with in
wheat straw and alfalfa, respectively) we observed in this
study are be due to solubilization from plant cell wall.

Total weight loss and loss of individual components
(NDF, ADF and ADL) where ligher with i alfalfa
compare to wheat straw. Tt is well known that histological
and chemical differences between grass and legume cell
walls (TJones and Wilson, 1987, Wilson, 1990) are
responsible for the extent of degradation rate of forages
used as substrate in this experiment.

CONCLUSION

Rumen bacterial fractions appeared to be the most
active fiber degraders between rumen microorganisms.
The protozoa and fungal fractions showed lower
capability in this regards. However, cocultures of different
rumen microbial fractions seemed to display synergetic
interactions.
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