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Effect of Grass Lipids and Long Chain Fatty Acids on Cellulose Digestion
by Pure Cultures of Rumen Anaerobic Fungi, Piromyces rhizinflata
B157 and Orpinomyces joyonii SG4

S. S. Lee, J. K. Ha*, K. H. Kim and K. J. Cheng'
National Livestock Research Institute, Rural Development Administration, Suweon 441-350, Korea

ABSTRACT : The effects of grass lipids and long chain fatty acids (LCFA; palmitic, stearic and oleic acids), at low
concentrations (0.001~0,02%), on the growth and enzyme activity of two strains of anaerobic fungi, monocentric strain
Piromyces rhizinflata B157 and polycentric strain Orpinomyces joyonii SG4, were investigated. The addition of grass lipids
to the medium significantly (p<0.05) decreased filter paper (FP) cellulose digestion, cellulase activity and fungal growth
compared to control treatment. However, LCFA did not have any significant inhibitory effects on fungal growth and enzyme
activity, which, however, were significantly (p<0.05) stimulated by the addition of oleic acid as have been observed in
rumen bacteria and protozea. This is the first report to our knowledge on the effects of LCFA on the rumen anaerobic
fungi. Continued work is needed to identify the mode of action of LCFA in different fungal strains and to verify whether
these microorganisms have ability to hydrogenate unsaturated fatty acids to saturated fatty acids. (Asten-Aus. J. Anim. Sci.

2000. Vol. 13, No. I : 23-30)
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INTRODUCTION

Fats and oils are useful energy yielding ingredients
in diets for dairy cows to meet the high energy
demand for milk production. However, when fats
and/or oils are included in ruminant diets, decreases in
crude protein, ADF and NDF intakes (Choi and
Palmquist, 1996) and their digestibilities (Brooks et al,,
1954, White et al, 1958; Czerkawski, 1966; Steele
and Moore, 1968) may occur. Long chain fatty acids
added to pure cultures of microorganisms also inhibit
the growth of certain rumen (Henderson, 1973) and
non-rumen (Nieman, 1954) bacteda and protozoa
(Ikwuegbu and Sutton, 1982; Hino and Nagatake,
1993), but information with ruminal anaerobic fungi
has not been reported.

Anaerobic fungi have been shown to be present
in the gut of a wide range of herbivorous animals and
the demonstration of the existence of obligate
anaerobic fungi has raised many questions concerning
their physiology. Much of the evidence for an
important contribution by anaerobic fungi to rumen
fiber degradation and utilization is based on micro-
scopic observations of rumen digesta and of fungal
performance in vitro and in vivo (Akin et al, 1983;
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Gordon, 1985; Hillaire et al, 1990). Various workers
(Bauchop and Mountfort, 1981; Mountfort et al., 1982,
Fonty et al., 1988; Joblin et al., 1990; MarvinSikkema
et al, 1990; Joblin and Williams, 1991; Bernalier et
al,, 1992, 1993} also have shown that anaerobic fungi
symbiotically interact with hydrogen-utilizing bacteria,
especially methanogens which utilize H;, a main
endproduct produced by fungi in cellulolysis (Wolin
and Miller, 1988). Unsaturated fatty acids also have
the ability to capture H: in the rumen by biohydro-
genation (Harfoot, 1978), which reduces the number of
double bonds (Ward et al.,, 1964).

To our knowledge, however, there is little
information about the effects of grass lipids and LCFA
on the anaerobic fungi. Accordingly we investigated
the effects of grass lipids and LCFA on the growth
and celiulose digestion by the rumen anaerobic fungi
using an anaerobic pure culturing system.

MATERIALS AND METHODS

Fungal strains

The pure strains of anaerobic fungi used were the
monocentric strain Piromyces rhizinflata B157 isolated
from the rumen of bison, and polyceniric strain
Orpinomyces joyonii SG4 isolated from the rumen of
sheep. These strains have been characterized in
previous publications (Barr et al, 1995). All strains
were obtained from the Lethbridge Research Centre
Culture Collection (maintenance number: LRC 2265
and LRC 2190 for P. rhizinflata B157 and O. joyonii
SG4, respectively). Fungi were maintained anaerobi-
cally in the semidefined liquid medium B of Lowe et
al. (1985) containing 1.5 cm’ of Whatman no. 1


mailto:jongha@snu.ac.kr

24 LEE ET AL.

cellulose filter paper as the sole source of carbo-
hydrate, with subtransfers every three days to maintain
viability. A 72 h culture was used as inoculum (10%,
vfv) for the triplicate cultures of each time point in
the experiment.

Extraction and separation of grass lipids

Fresh alfalfa grass was homogenized in an electric
mixer (Brinkmann homogenizer, Model PT 10/35,
Brinkmann Instruments Co., Switzerland), and grass
lipids were extracted overnight at 4°C with chloroform-
methanol (1:1) by the method of Hino and Nagatake
(1993). After filtration, the filtrate was shaken with a
half of water and left for 2 h. The chloroform layer
was then dehydrated with anhydrous MgSOs and
filtered again. The filtrate was concentrated at room
temperature by a rotary evaporator, and used as total
grass lipids.

Fatty acids and emulsification

Long chain fatty acids including palmitic acid
(hexadecanoic acid, Cgp), stearic acid (octadecanoic
acid, Cis.0) and oleic acid (cis-9-octadecenoic acid, cis
Cizy) were obtained from Sigma Chemical Co.,, St
Louis, Mo. They were reported by the manufacturer to
be >99.9% pure. Emulsions of grass lipids and fatty
acids in autoclaved reducing dH,O (double distilled
water) were prepared by ultrasonication for 4 min
using the Vibra Cell™ sonicator (Sonics and Materials
Inc., Danbury, Connecticut, USA) set at maximum
output under anaerobic condition to prevent oxidation
of grass lipids and fatty acids.

Incubation and sampling

To determine the effects of grass lipids and LCFA
on the in vitro digestion and growth of anaerobic
fungi, aliquots of 9.0 mL of medium B (with no
added carbohydrates and protein sources) was added
under a CO: atmosphere to 20 mL culture tubes. Just
prior to autoclaving, about 35mg of punched FP as
the carbon and energy source were added to each
tube. After autoclaving under fast exhaust of steam,
emulsified FA were also added at the concentrations
of 0.02% (wfv), 0.02% (wfv), 001% (wfv) and
0.001% (v/v) for the medium of grass lipids, palmitic
acid, stearic acid and oleic acid, respectively. Control
medium contained no fatty acid but was added with
0.02% (vfv) of reduced and sterilized distilled water.
And tubes were incubated anaerobically (under an
initial CO; atmosphere) at 39TC. The fungal inocula
were composed of 1.0 mL of a 72 h-old culture on
filter paper.

Samples were taken at 1, 2, 3, 5 and 7 days of
incubation after the inoculation. At each sampling
time, three tubes of experimental cultures and two
tubes for blank were used. The pH of the medium

was measured immediately after the tubes were
opened. Liquid fractions were collected for analyses of
total protein concentrations and extracellular cellulase
activity after centrifugation for 20 min at 3,500 rpm
and the residues (FP cellulose andfor attached fungi)
were reincubated with pepsin solution to remove fungi
from residues. Incubations with pepsin were carmied
out by the method of Akin (1987) as follows; One
hundred milligrams of pepsin (EC3.4.23.1, Sigma) was
added to 50 mlL of distilled water containing 0.41 mL
of concentrated hydrochloric acid. Five milliliters of
the solution was added to each tube from which liquid
fraction was removed by centrifugation. Tubes were
incubated at 25°C in for 48 h. After incubation, FP
was washed under cold tap distilled water using
filtering system, and then oven dried for 48 h at 80TC
to allow a measurement of dry matter disappearance.
The difference between the initial dry matter weight of
the FP and the residual dry matter weight after
incubation was taken as FP disappearance. After 3
days of incubation, liquid fraction was also taken
before centrifugation for enumeration of fungi using
thallus forming units (TFU) method (Theodorou et al.,
1990) with five replicates per dilution. Before
inoculation of diluted liquid fractions, a filter-sterilized
anaerobic solution of streptomycin sulfate, ampicillin
sodium salt and chloramphenicol sodium succinate was
added to attain a final concentration of 0.1 mg - mL"
of each antibiotic.

Analytical procedures

Anaerobic fungal growth was estimated by TFU
and the protein concentration in liquid fraction of
culture tubes was assayed with the BioRad (BioRad
Laboratories, Richmond, Calif., USA) protein reagent
with bovine gammaglobulin as standard. The amount
of reducing sugars released in the liquid fraction was
determined spectrophotometrically at 600 nm by the
method of Miller (1960) using DNS (dinitrosalicylic
acid) reagents. Extracellular endoglucanase activity was
assayed by the method of Biely et al. (1985) using
OBRHEC (ostanzin brilliant redhydroxyethyl cellulose).
Endoglucanase activity was expressed against a
standard curve of commercial cellulase from Penicillium
Suniculosum (EC3.2.1.4; Sigma Chemical Co., St
Louis, Mo; one unit liberates 1 mole glucose/h from
cellulose) and defined as units of commercial cellulase

mL" h” incubation.

Statistical analyses

Statistical differences were determined by an
analysis of variance with mean separations performed
by Duncan’s new multiple range test, and p values of
<0.05 were considered significant.
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Table 1. The protein concentration in the culture mediumn of anaerobic fungi, Piromyces rhizinflata B157 and
Orpinomyces joyonii SG4 incubated with grass lipids and long-chain faity acids

Fungal strains Protein concentration ( z mol/mL) after (days);

Treatments I 2 3 5 7
Piromyeces rhizinflata B157
Control 11.40+0.57 16.32+0.21" 25.05+£2.11% 26.30+2.02° 26.47 £0.99™
Grass lipids 10.27+1.03 13.89£0.81° 18.56+73.84°¢ 27.49+1.62° 24.14£147°
Palmitic acid 11.01£0.60 12.99+1.13° 27.16+£0.56™ 29.15+1.97° 28.95+0.11%°
Stearic acid 12.58+0.55 19.40+£1.59° 30.75+2.15% 32.15+0.89"° 28.69 £0.79™
Oleic acid 12.54+0.83 2428+0.61° 37.99+1.39° 36.83+0.54° 31.60+0.99°
Orpinomyces joyonii SG4
Control 8.23+0.63° 10.97+£2.36° 33.90+1.71° 29.34+2.02° 27.15£0.70°
Grass lipids 7.72£0.63° 15.24 +£3.70° 17.49 £ 2.08° 26.67+1.41° 28.16+0.72°
Palmitic acid 1052+ 1.26% 20.55+2.69° 35.25+4.85° 41.62+£3.05% 29.31+2.19°
Stearic acid 13,30+ 148 32,51 +3.89° 45.05+£3.08° 45.70+6.06° 34.17£4.69°
Oleic acid 12.18+0.31° 35.09+1.89° 57.68+1.38° 51.05+4.73° 46.25+1.96"

Each value represents the mean=* SE of triplicate cultures,
Means in the same column and fungus strain with different superscripts are significantly different {p<0.05).

Fungal counts (X10 *, thu™/mL cultures)

Oleic acid

Control Grass lipids  Palmitic acid  Stearic acid

Treatments

Figure 1. The effects of grass lipids and long chain fatty acids on the fungal counts (*tfu, thallus forming
unit) in the culture medium of anaerobic rumen fungi, Piromyces rhizinflata B157 @ or Orpinomyces joyonii
SG54 ([]). a, b and c¢ different superscripts on the same vertical bars represent significant differences at
p=0.05.

RESULTS concentration in the supernatant of culture medium in
response to the addition of grass lipids and LCFA
Cell growth and protein concentration except oleic acid, which significantly (p<0.05) increased

The effects of grass lipids and LCFA on the protein concentration. The oleic acid stimulated the in

protein conceniration as an indicator of cell growth of vitro growth of P. rhizinflata B157 and O. joyonii

anaerobic fungal strains are shown in table 1 and
those on TFU in rolltubes are presented in figure 1.
Although proiein concentration in the culture medium
was decreased by the addition of grass lipids with
statistical differences at two of incubation times, in
general there were no significant differences in protein

SG4, whereas grass lipids inhibited fungal growth as
shown in figure 1. Oleic acid induced fungal growth
by 23 (20.5t44) and 1.8 (21.8%1.7) times, while
grass lipids inhibited fungal growth by 0.81 (7.2£0.5)
and 059 (70*x09) times, compared to conirol
treatment for P. rhizinflara B157 (89X1.2) and O.
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Table 2. Effect of grass lipids and long-chain fatty acids on filter paper digestion by anaerobic fungi,
Piromyces rhizinflata B157 and Orpinomyces joyonii SG4

Fungal strains

% of dry matter disappearance after (days);

Treatments 1 2 3 5 7
Piromyces rhizinflata B157
Control 17.18 +0.43 21.05+2.55®°  22.80+4.80" 86.26 +3.81 94.50+0.97°
Grass lipids 15.14=1.38 15.43 £0.90% 17.68 £5.61° 86.63+1.94 87.88+2.06"
Palmitic acid 13.22+£1.25 13.06 £ 1.54° 30.17£0.62% 76.27+7.24 96.50+0.37°
Stearic acid 16.55£0.71 21.55+1.77° 34.17+2.39%° 84.01£3.08 95.63+2.65°
Oleic acid 15.441+1.00 25.03*1.1%3° 45.51+1.44° 90.64 +0.66 97.33+0.40°
Orpinomyces joyonii SG4
Control 10.60+ 1.82° 12.19+2.62°  37.67+1.90° 86.51+3.38° 90.51+2.35°
Grass lipids 10.25+1.39° 16.93+4.11° 19.43+2.31° 86.38 £0.90° 93.88+241%°
Palmitic acid 11.26+0.82°  13.81+£322°  39.17+539° 97.88+044°  91.13%£1.97"
Stearic acid 19.19+£2.12°  4541+1.98"  53.28+1.71°  9525%0.27° 95.88 +0.98"
Oleic acid 17.41£0.45°  38.99*2.10" 66.74+0.67"  9637+123° 98.40+0.43°
Each value represents the mean=t SE of triplicate cultures.
Means in the same column and fungus strain with different superscripts are significantly different (p<0.05).
6.8 71
6.5 - 6.7
H \ 3
o
% 6.2 \ 73 6.3
T T
=59 2 59
5.6 . . . 5.5 " . .
1 2 3 5 7 1 2 3 5 7

Incubations times (days)

Incubation times (days)

Figure 2. The effects of grass lipids (w—w) and long chain fatty acids (palmitic acid, a4 —a; stearic acid,
e —e; oleic acid, ¢ —e¢; and control, ©—o) on the pH value in the culture medium of anaerobic rumen
fungi, Piromyces rhizinflata B157 (A) or Orpinomyces joyonii SG54 (B)

joyonii $G4 (11.8+2.1x10° tfu - mL™), tespectively.
In the free acid form, oleic acid increased concentration
of protein concentration, and also induced the growth
of fungi.

There were few differences in pH among
treatments. The initial pH of the culture media was
6.651£0.02. At the 5d of fermentation, the pH of the
culture fluid of P. rhizinflata B157 with oleic acid
was 5.93, whereas the values for the fungal culture of
control, grass lipids, palmitic acid and stearic actd
were 5.96, 623, 6.12 and 5.96, respectively (figure 2).
The pH tended to be lower with the addition of oleic
acid in the both fungal cultures.

Digestibility and reducing sugar contents
As shown in table 2, the digestibility of FP by P.

rhizinflata B157 was significantly decreased by the
addition of grass lipids, but unaffected by the addition
of palmitic and stearic acids, whereas oleic acid
markedly enhanced FP digestibility. In the control and
grass lipids treatments, the degradation rate by P
rhizinflata B157 showed a long lag time of up to 3
days, and a similar trend was also observed when
grass lipids was added to O. joyonii SG4 culture,
However, the degradation rate quickly started to
increase from 2 d when incubation medium was added
with LCFA. Culture of O. joyonii SG4 with oleic acid
gave an increased tate of FP cellulose degradation
after 2 days incubation, but total FP cellulose
degradation among treatments were similar at the end
of the fermentation. These results indicate that the
degradation rate of FP cellulose by the ruminal fungi
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during the early stage of incubation was affected by
the addition of grass lipids or LCFA, even though
maximum degradation was very similar. However,
addition of palmitic acid and grass lipids had a minor
effect (not statistically significant) on the digestibility
of FP by both species of ruminal fungi, P. rhizinflata
B157 and O. joyonii SG4. This suggests that LCFA
do not inhibit the growth or activity of anaerobic
fungi as is obserbed in other rumen cellulolytic
bacteria and protozoa. O. joyonii (37.67%) was slightly
more efficient in the degradation of filter paper than
P. rhizinflata (22.80%) after 72 h incubation, but the
difference was not statistically significant.

The concentrations of reducing sugar, expressed as

micromoles of glucose per milliliter in the culture
medium, began to increase after approximately 3d of
incubation, suggesting faster nutrient utilization.
However, concentrations of reducing sugar tended to
quickly decrease after 5 d of incubation indicating that
most of released glucose was fermented soon after
liberation from substrate.

Cellulase activity

The endoglucanase activity in the different culture
systemms by incubation time is presented in table 3.
The endoglucanase activity of both of fungal species
began to increase from S5 d of incubation, indicating
that endoglucanase production by ruminal fungi
requires some lag time. The addition of LCFA to the
cultures markedly enhanced cellulase activity by
anaerobic fungi. The effects of LCFA on FP digestion
by fungi correlated closely with their effects on
endoglucanase activity. A markedly different type of
response was noted with the addition of LCFA. In

general, the addition of palmitic acid at the 5 d of
incubation showed only mild inhibition on fungal
endoglucanase activity, whereas the grass lipids had

Reducing sugar
concentrations {A)

50
45
40
35 D

i \ r

Reducing sugar
concentrations (B)

20 x

15 ¥ L |
1 2 3 5 7

[ncubation times {days)

Figure 3. The effects of grass lipids (@ —w) and
long chain fatty acids (palmitic acid, stearic
acid, @ — e oleic acid, ¢ —; and control, o —o)
on the concentrations of reducing sugar (ymol of
glucose/mL medium) in the culture medium of
anaerobic tumen fungi, Piromyces rhizinflata B157
(A) or Orpinomyces joyonii SG54 (B)

A—L;

Table 3. Extracellular OBR-HEC endoglucanase activity in the culture medium of anaerobic fungi, Piromyces
rhizinflata B157 and Orpinomyces joyonii SG4 incubated with grass lipids and long-chain fatty acids

Fungal sirains

Cellulase activity {2 UfmL/h) after (days),

Treatments 1 2 3 5 7
Piromyces rhizinflata B157
Control 0.64+0.02° 0.88+0.03° 1.05+0.11° 8.97+0.06° 8.53+0.11
Grass lipids 0.58+0.01° 0.75+£0.01° 1.06+0.11° 5.251+0.56° 8.01+0.26
Palmitic acid 0.74 £0.03° 0.85+0.02° 1.06£0.07° 7.10+0.41° 7.96+0.13
Stearic acid 0.83+0.02° 0.89+0.03° 1.13+0.01° 9.15+027° 8.38+1.45
Oleic acid 0.86£0.01° 0.98+0.03° 1.19+0.05° 8.84+0.06" 8.97+0.12
Orpinomyces joyonii SG4
Control 0.88+0.03 1.01 £0.02° 1.44+0.14" 6.81+0.37° 7.27+0.20°
Grass lipids 0.93+0.05" 1.16 +0.05° 1.47+0.17° 5.80+0.03° 8.40+0.15"
Palmitic acid 1.01+0.04° 1.15+0.03% 1.67+£0.20" 6.66+037° 8.70+0.28"
Stearic acid 0.64+0.07° 1.13+0.04™ 1.59+0.09% 8.87+0.33° 8.05+0.28"
Oleic acid 0.95+0.12° 1.45+0.08° 1.72£0.11° 8.73+0.09° $.85+0.12°

Each value represents the meanSE of triplicate cultures.

Means in the same column and fungus strain with different superscripts are significantly different (p<0.03).
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stronger inhibition. However, stearic or oleic acids did
not have appreciable influence on fungal endoglucanase
activity.

DISCUSSION

Three decades ago, long chain fatty acids were
found to inhibit methane production in the rumen with
simultaneous increase in molar proportions of propionic
acid {Czerkawski et al., 1966; Demeyer and Henderickx,
1967, Demeyer et al, 1969), showing the possibility
of rumen fermentation manipulation with long chain
fatty acid. Apart from this aspect, there has been a
renewal of interest in the use of high level of lipids
andfor fatty acids in the diets of ruminants for the
purpose of increasing the energy density of the diet,
thus permitting an increased energy intake by high
producing lactating cows (Palmquist, 1984). However,
when fatty acids and/or oils are included in ruminant
diets at a high level, they frequently decrease crude
protein, ADF and NDF intakes (Choi and Palmgquist,
1996), cellulose, crude fiber, crude protein and
nitrogen free extract digestibilities (Brooks et al., 1954;
White et al, 1958; Steele and Moore, 1968),
methanogenesis (Czerkawski et al., 1966; Prins et al.,
1972) and A:P ratio (Jenkins, 1987). Gastrointestinal
infusion of long chain fatty acids suppressed dry
matter intake in cows (Christensen et al.,, 1994), and
alsoc medium and long chain fatty acids have long
been recognized as inhibitors of pure strains of certain
mmen (Henderson, 1973) and non-rumen (Nieman,
1954) bacteria and protozoa (Ikwuegbu and Sutton,
1982; Hino and Nagatake, 1993). Although the
mechanism of inhibition is not certain, several theories
exist to explain the negative effect of lipids andfor
fatty acids on cellulose digestibility (Devendra and
Lewis, 1974). The speculation that inhibition is due to
physical coating of the fiber with lipids is no longer
valid, as (rskov et al. (1978) found no effect on in
sacco degradability of dried grass coated with tallow.
This led the authors to conclude that coating with
triglycerides cannot be the reason for the negative
effect of LCFA. More recently, Broudiscon et al
(1988) incubated in sacco pute cellulose coated with
soybean oil hydrolysate (7% w/w) and also found no
effect on degradability. A more plausible explanation
might be that fatty acids are toxic to certain bacteria
and protozoa, and cause shifts in the microbial
composition which are responsible for reduced crude
fiber digestion. However, there is little information
available with ruminal anaerobic fungi which are
relatively big contributors to fiber digestion in the
rumen. The findings of our study based on cell
growth, dry matter disappearance and cellulase activity
confirm that cellulolysis by anaerobic fungi was not
inhibited by the addition of LCFA, which is different

from previously reported results with other mmen
microorganisms (bacteria and protozoa). The present
study also has shown, for the first time, that
cellulolysis by ruminal fungi is markedly stimulated
when fungi are grown in medium containing oleic
acid. The marked growth stimulation by oleic acid of
the anaerobic gut fungal strains is very interesting,
because this observation is inconsistent with the theory
that the growth of cellulolytic bacteria (B. flavefaciens,
R albus and R flavefaciens) and protozoa is strongly
inhibited by oleic acid. Unexpectedly the addition of
LCFA did not inhibit FP digestion. Furthermore, the
digestion of FP by anaerobic fungi was also
significantly increased by the addition of oleic acid.
Presumably, this is due to hydrogenation of UFA,
which stimulated the growth and activity of anaerobic
fungi by capturing H2 produced by the fermentation of
fungi and/or due to the role of LCFA as growth
factors for anaerobic fungi. Hydrogen 1is an
intermediate produced particulatly during plant cell
wall breakdown by cellulolytic microorganisms, such
as Ruminococcus albus, Ruminococcus flavefaciens, and
anaerobic fungi (Stewart and Bryant, 1988; Fonty and
Joblin, 1991). Hydrogen never accumulates in the
rumen because it is rapidly used by methanogens, which
are the dominant hydrogen-utilizing microorganisms in
the rumen. Unsaturated fatty acids may also be able to
capture hydrogen by saturation of UFA. Continued
work is needed to determine whether rumen anaerobic
fungi have the ability to hydrogenate UFA to SFA.
Another possible explanation is that oleic acid may
provide essential fatty acids (Lindsay and Leat, 1977),
and thus stimulating ruminal fungi. Orpin and Letcher
(1979) showed that growth of Neocallimastix frontalis
could be stimulated by some unsaturated fatty acids.
Oleic acid, present in the rumen fluid in small
quantities compared to its 1ltrans isomers, is the
major fatty acid found in all lipids (Cieo, 20.7%; Ciso,
12.6%; cis-Ciga, 34.3%) of N. frontalis (Body and
Bauchop, 1985). The results obtained in this study are,
in general, inconsistent with the major effects observed
when LCFA and/or oils are added to pure culture of
anaerobic bacteria and protozoa. Nonesterified fatty
acids are major lipid components of ruminal anaerobic
fungi. Apparently, de nove synthesis is adequate to
meet this demand, or required levels were present in
the basal hay substrate. De novo synthesis of
unsaturated fatty acid in the mmen is questionable
(Harfoot, 1978). The reasons for enhanced cellulolysis
by oleic acid and stearic acid, but not oil and palmitic
acid in fungal cultures are not clear, but may be
related to lactate production, which in high concent-
rations is known to exert a mnegative effect on
cellulolysis. Further work is being carried out to find
out mechanisms of stimulation of ruminal fungi by
some fatty acids.
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