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Abstract — Whether live bacteria are required to culture the rumen protozoa Entodinium exiguum
and E. caudatumin vitro was studied. Treatments were protozoa plus antibiotics (PA), PA plus auto-
claved bacteria (PAB) or protozoa plus live bacteria (PLB). Generation times at 24 h were 22.8 and
31.0 h for E. exiguumandE. caudatum. Protozoal concentrations were unaffected by the absence of
bacteria up to 48 h. After 72 h, E. exiguum, concentrations were higher in PLB than PA or PAB. With
E. caudatumdifferences between PLB and PA were only observed at 96 h. Thus, a requirement for
live bacteria appears to be manifested in culture periods longer than 48 (E. exiguum) and 72 (E. cau-
datum) h. Although differences between PLB and PAB indicate a metabolic dependence for bacte-
ria or a long-term antibiotic effect, non-significant differences between PAB and PA suggest that the
effect is also related to a nutritive bacterial contribution.
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Résumé — Étude préliminaire sur les besoins en bactéries des protozoaires Entodinium exiguum
et E. caudatumcultivés in vitro. Pour étudier le besoin en bactéries des protozoaires Entodinium exi-
guumet E. caudatumcultivés in vitro on a comparé trois traitements qui consistaient en des protozoaires
décontaminés par des antibiotiques (PA), PA plus des bactéries autoclavés (PBA) ou des proto-
zoaires plus des bactéries vivantes (PBV). Les temps de génération à 24 h ont été 22,8 et 31,0 h
pour E. exiguumet E. caudatumrespectivement. La concentration des protozoaires n’a pas été affec-
tée par l’absence de bactéries avant 48 h, mais la concentration de E. exiguuma été supérieure dans
le milieu PBV en comparaison aux milieux PA et PBA après 72 h, et celle de E. caudatuma été
supérieure dans le milieu PBV par rapport à PA aprés 96 h. Les résultats montrent que E. exiguumet
E. caudatumont besoin de bactéries vivantes après 48 et 72 h de culture. Ils traduisent une dépendance
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1. INTRODUCTION

Protozoa contribute up to half of the
microbial mass in the rumen. Among them,
Entodinium spp. are the most abundant,
reaching up to 90% of total population in
high concentrate diets [9, 13]. However,
knowledge about protozoal metabolism is
limited, mostly because of their dependence
of bacteria [11], which confounds their
in vitro culture, mainly affecting generation
time and survival in long-term incubations.
It has been suggested that this dependence is
not nutritive [11], but the causative factor(s)
remain (s) unknown. In vitro, observed gen-
eration time for E. caudatumranged from
13 to 25 h [3, 6]. However, in other studies
generation times as short as 9 h have been
estimated in vivo [13] and as long as 40 h
in vitro [11]. No reports exist about growth
and generation time of E. exiguum, nor of
the effects on these parameters when these
two species are cultured in the absence of
live bacteria. 

In this study, E. exiguumand E. cauda-
tumwere cultured in the presence or absence
of live or dead bacteria, to evaluate the
extent of their dependence on viable bacte-
ria for survival and growth especially in
short term incubations, and the nature of
such dependence.

2. MATERIALS AND METHODS

Protozoa were isolated from rumen con-
tents from a fistulated sheep fed on alfalfa
hay 6 h after the morning feeding. Sample
was diluted in anaerobic dilution solution
[2], and individual cells were obtained from

a droplet by using a capillary pipette under
the microscope. The organisms were cul-
tured anaerobically at 39 °C in medium M
[6] in 16 × 150 test tubes. After checking
for purity, cultures were allowed to establish
for one month before the experimental
period. Tubes were daily opened under a
stream of CO2 and fed with 0.1 mL of a sus-
pension of 1.5% (w/v) ground wheat and
1.0% (w/v) orchardgrass hay (both ground to
pass a 40-mesh screen). Cultures were main-
tained routinely by transferring 5 mL every
4 days to another tube with 5 mL f fresh
medium. Morphology of E. exiguum and
E. caudatum(two forms, ecaudatum without
spines and caudatum with spines) are shown
in Figure 1.

In the control period, experimental treat-
ments were protozoa alone (PA), protozoa
plus dead bacteria (PAB) and protozoa plus
live bacteria (PLB). Both species were cul-
tured in medium M. All tubes (two per treat-
ment) contained 6 mL of medium plus
0.1 mL of feed suspension. For PA, 1 mL of
antibiotic solution (12000 U penicillin plus
780 U streptomycin per mL) was added; for
PAB, 1 mL of an antibiotic solution with
dead rumen bacteria (obtained by cen-
trifuging 50 mL filtered rumen fluid at
21000× g for 7 min, drying the pellet, resus-
pending it in CO2 gassed distilled water,
autoclaving and adding antibiotics up to the
same concentration as in PA) was added;
or for PLB, 1 mL of sterile distilled water
was added. Tubes were then inoculated with
2.5 mL of the protozoal stock cultures. In
order to avoid any effect of live bacteria
even at the beginning of the experimental
period, initial bacterial concentration was
minimized by incubating the inoculum for

métabolique des protozoaires envers des bactéries vivantes. Bien que non significatives, les différences
entre PBA et PA, suggèrent également une dépendance nutritive des protozoaires à des constituants
de la biomasse bactérienne.
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the daily feeding) and mixed immediately
with 1 mL of 18% formaldehyde; 8–10 h
later fixed samples were diluted with 2 mL
of 30% glycerol and counted [5]. Protozoa
concentrations are reported as a percentage
of initial concentration. Generation time for
each incubation period was calculated using

treatments PA and PAB with 0.20 mL
antibiotic solution per ml for 4 h before inoc-
ulation. The tubes were daily opened anaer-
obically, and 0.1 mL of substrate suspen-
sion was added. Samples (1 mL) for
protozoal counts were obtained after 12 h
and then at 24, 48, 72 and 96 h (just before
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Figure 1. Microscopic observation
of E. exiguum(a), and E. caudatum
forms: ecaudatum, without spines
(b) and caudatum, with three spines
(c) cultured in vitro. (a) Length:
37 µm; width: 22 µm. (b, c) Length:
54–56 µm; width: 44–45 µm.
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the exponential growth equation [4], related
to the initial protozoal concentration.

Treatments were analyzed by time with
ANOVA, using STATISTIX [1], consider-
ing species, treatment and their interaction as
sources of variation. Means were contrasted
by the least significant difference at P< 0.05.

3. RESULTS AND DISCUSSION

Preliminary results [7] of bacterial counts
using MPN had shown that the antibiotic
solution effectively killed more than 99%
of the bacteria in 4 h, and average bacte-
ria:protozoa ratio drop from 1408:1 in the
inoculum to 11.4:1 and 0.03:1 at 4 and 8 h
incubation. The same antibiotic mixture had
previously shown no bacterial concentra-
tion after either 7 or 14 days [10]. No appar-
ent negative effect on protozoal concentra-
tions after 24 h incubation was observed.
Numerous studies have reported results with
protozoal cultures containing various antibi-
otics, i.e., penicillin, ampicillin, neomycin,

chloramphenicol, streptomycin and several
others [12]. In general, bacteria were
markedly reduced in concentration with
minimal effects being observed on the pro-
tozoa, although in several studies with high
antibiotic concentrations, protozoal survival
was limited.

Growth patterns of E. exiguumand
E. caudatumare presented in Figures 2 and 3,
respectively. The overall mean of E. exiguum
concentrations (as a% of initial concentra-
tion) were greater than E. caudatum con-
centrations at 12 and 24 h (P < 0.05) Gen-
eration times (Tab. I) were shorter for
E. exiguumthan E. caudatumat 24 and 96 h
(P < 0.05); however, no differences were
found at the other sampling times (P > 0.10).
Overall generation times when in coculture
with live bacteria (treatment PLB) through-
out all the incubation periods were 24 ±
7.48 h for E. exiguumand 32.7 ± 4.00 h for
E. caudatum. Results of growth and gener-
ation time of E. exiguumare in agreement
with other observations from similar exper-
iments by the authors [7, 8]. However, the
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Figure 2. Growth (as % of initial concentration) of E. exiguum, when cultured alone (PA, ●), with
dead bacteria (PAB, ■) or with live bacteria (PLB, ▲). Lower bars show standard error of means for
each sampling time.
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and 342%, respectively; P < 0.05). For
E. caudatum at 72 h, differences were only
significant between PLB and PA (331, 395
and 455% for PA, PAB and PLB), because
of the magnitude of the error term (coeffi-
cient of variation 0.21). After 96 h, differ-
ences in concentrations of E. exiguum
between PLB and PA and PAB were greater
(1214, 236 and 442%; P < 0.01). At this
time, differences between PLB and PAB in

generation time for E. caudatumwas longer
than that cited by [3] and [6], partly because
it has been shown that transfer periods of
24 h increase the generation time [6].

Concentrations of both species were unaf-
fected by the absence of bacteria up to
48 h and survival was apparently not
affected up to 96 h. However, in E. exiguum
cultures at 72 h, the concentration in PLB
was higher than either PA or PAB (620, 300
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Figure 3. Growth (as % of initial concentration) of E. caudatum, when cultured alone (PA, ●), with
dead bacteria (PAB, ■) or with live bacteria (PLB, ▲). Upper bars show standard error of means for
each sampling time.

Table I. Generation time (h) of E. exiguumand E. caudatumwhen cultured alone (PA), with dead
bacteria (PAB) or with living bacteria (PLB).

Sampling E. exiguum E. caudatum 
time

PA PAB PLB PA PAB PLB r.s.d.

12 h 39.3 16.6 13.4 32.6 45.3 25.6 14.77 
24 h 25.7 20.8 21.9 28.1 30.3 34.6 5.44 
48 h 36.0 30.6 33.4 45.5a 33.2b 35.2a,b 5.32 
72 h 45.5a 41.8a 27.6b 42.8 36.4 34.4 5.68 
96 h 77.6a 45.0b 26.7c 48.4a 42.7a 33.6b 3.59

a, b, cWithin a row, treatment differences within the same species are significant (P < 0.05).
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E. caudatumwere not significant. In agree-
ment with growth results, generation time
(Tab. I) was only affected by treatment after
72 h (P < 0.05) and 96 h (P < 0.001), being
shorter in PLB than in PA or PAB, except
for E. caudatumat 72 h, where differences
between PLB and PAB were non-signifi-
cant (P > 0.10).

These responses of both Entodinium
species to the experimental treatments are
in close agreement with those observed by
the authors with E. exiguumwhen cultured
in vitro for 48 h [7, 8]. The need for live
bacteria was manifested at incubation times
longer than 48 h forE. exiguum, and 72 h for
E. caudatum, which in both cases is about
two-fold the generation time of each organ-
ism. Differences between PA and PAB,
though only significant after 96 h, indicate
that in longer incubations the effect of the
presence of dead bacteria might be related to
a certain extent to a nutritive bacterial con-
tribution, since no extra source of nutrients
(i.e. protein), except for the feeding sus-
pension, was included in the media. Other
factors related to a metabolic dependence
of protozoa for live bacteria or to a long-
term effect of antibiotics over protozoal
replication, may be the main factors causing
this response. Our inability to culture pro-
tozoa axenically at this time does not permit
us to carry out the experiments needed for a
definitive answer to the effect of antibiotics
on protozoa; however, this possibility can-
not be overlooked.
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