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Effect of different lipid and protein dietary levels on rumen ciliate fauna and cellulolytic activity 
in yearling rams 

V. Radev*, I. Varlyakov, R. Mihaylov

 Department of Morphology, Physiology and Animal Nutrition, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. An experiment was conducted to evaluate the effect of rations with different lipid and protein levels on total counts and generic composition of rumen 
ciliates, and bacterial cellulolytic activity in the rumen of yearling rams. Three rations, conditionally termed ration I, ration II and ration III were tested. Ration I 
contained 1.00 kg ground barley and 1.00 kg meadow hay. To the others, different protein and lipid source was added. Ration II consisted of 1.00 kg meadow 
hay, 0.800 kg barley mash and 0.200 kg sunflower meal. Ration III contained 1.00 kg meadow hay, 0.800 kg barley mash and 0.200 kg sunflower expeller. 
Rations differed with respect to their lipid and protein contents. They were offered twice daily –8:00 AM and 1:00 PM. The experiment was performed with nine 
Blackhead Pleven yearling rams, with initial average body weight 45.2 kg. They were divided in three groups of three animals each. Twenty days prior to the 
trial, the animals were fitted with cannulae of the dorsal rumen sac. Rumen content was sampled for 4 consecutive days, three times a day: before feeding, 2.5 h 
and 5 h after feeding. The total counts and generic composition of rumen ciliates were determined. The cellulolytic activity in the rumen was determined in vivo 
after 24-hour incubation. Feeding rations with different sources of proteins and lipids did not change significantly the total counts and the composition of rumen 
ciliates in yearling rams. Feeding a ration containing sunflower meal increased significantly (p<0.01) rumen cellulolytic activity as compared both to base ration 
composed of barley mesh and meadow hay  and sunflower expeller supplemented ration.

Keywords: Rumen fermentation, sheep digestion, rumen ciliates
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Introduction genera Isotricha and Dasyticha and subclass Entodiniomorpha, 
family Ophryoscolecidae and genera Diplodinium, Entodinium and 
Ophryoscolex (Rousev et al., 1988). Protozoan populations in fore Chemical transformation of food in the fore stomach of 
stomachs vary considerably depending on many factors – type of ruminants is mainly due to living ciliates in the rumen and the 
ration, feeding periodicity, the season, addition of nutritional extracellular enzymes produced by them. Three main groups of 
stimulators, physicochemical conditions in the rumen etc. (Hungate microorganisms are encountered in the rumen – ciliates, bacteria 
et al., 1971; Willer and Piligrim, 1974). The substitution of part of and fungi. They exist and replicate in the conditions within the 
natural concentrate feeds with synthetic ones by supplementation of rumen, entering in complex interpopulation relationships. The 
small ruminant diets with inorganic substances (polyethylene-vinyl rumen and other compartments of the fore stomach are a natural for 
chloride) does not influence significantly the total protozoa counts in replication and anaerobic development environment for 
the rumen of experimental animals (Petkov et al., 1995). Protozoa microorganisms. Rumen protozoa are discovered in 1843 by Gruby 
participate in rumen fermentation by degrading proteins and and Delafond. Their taxonomy has been studied and described by 
carbohydrates from the ration through production of extracellular the Russian scientist Dogiel in 1927, it was he that published the first 
enzymes. The complex relationships between protozoan and rumen protozoa's manual. Detailed information for the physiological 
bacterial populations in the rumen have also an impact on nutrient role of protozoa in rumen fermentation is presented by Williams and 
metabolism. Demeyr et al (1981) affirms that rumen ciliates are Coleman (1989). The authors have investigated the development of 
responsible for 3040% of the total digestion of fibre in the rumen, rumen ciliates in fore stomachs in in vivo experiments. 
whereas according to Amos and Akin (1978) ruminal ciliates Comprehensive information about the biology, physiology and 
degrade 411% of dietary cellulose. The role of protozoa in the more biochemistry of rumen ciliates could be found in numerous papers 
efficient feed conversion by ruminants, the functional development (Clarke and Bauchop, 1977; Dehority, 1986;  Nolan et al., 1988; 
of their digestive tract and health status is already acknowledged. Hobson, 1989)

With regard to cellulose degradation in fore stomachs, the role In Bulgaria, the role of ciliates in rumen digestion is a research 
of protozoa is mainly mechanical, facilitating the access of bacteria topic from several decades. A number of investigations have 
to cellulose particles. In defaunated small ruminants, stunted growth evaluated the role of rumen ciliates on rumen digestion with regard 
has been reported (Enev, 1996). It was due to deprivation of the to age and fore stomach morphological development in small 
body from protozoal protein, which is far more digestible and ruminants (Petkov, 1982), the intake of rations of different structure 
contains more essential amino acids. The biological value and and type, supplementation with enzyme preparations (Sivkova, 
utilisation of protozoal protein could attain 86–91 %.2007), biotechnological products (Radev, 2000)  etc.

The purpose of the present experiment was to evaluate the Fore stomachs in ruminants are colonised mainly by ciliates 
effect of rations with different lipid and protein levels and sources on (Ciliata) from the subclasses Holotricha  and Oligotrcha. All 
total counts and generic composition of ciliate fauna of yearling protozoa are zooflagellates. In cattle, sheep and goats, prevailing 
rams. The effect of rations on bacterial cellulolytic activity in the protozoa are mainly from subclass Holotricha, family Isotrichide, 
rumen was also determined. 

* e-mail: vradev@af.uni-sz.bg
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They were divided in three groups of three animals each. The Material and methods
animals were housed indoor, in individual boxes. Twenty days prior 
to the trial, the animals were fitted with cannulae of the dorsal rumen An experiment was conducted to evaluate the effect of rations 
sac according to Aliev (1960). A 10-day adaptation period to the new with different lipid and protein levels on total counts and generic 
ration was allowed. composition of rumen ciliates, as well as the bacterial cellulolytic 

Rumen content was sampled for 4 consecutive days, three activity in the rumen of yearling rams. The trial was carried out in the 
times a day: before feeding, 2.5 h and 5 h after feeding. The total experimental base of the Animal Physiology unit to the Faculty of 
counts and generic composition of rumen ciliate fauna were Agriculture, Trakia University, Stara Zagora. Three rations, 
determined. Rumen content was collected with a 100-ml pipette, conditionally termed ration I, ration II and ration III were tested. All 
introduced always at the same depth through the cannula. Total they were based on ground barley (1.00 kg). Ration I contained also 
counts of rumen ciliates were determined by light microscopy with a 1.00 kg meadow hay. The others were supplemented with a different 
Fuchs-Rosenthal chamber according the method of Petkov et al. protein and lipid source – sunflower meal or sunflower expeller. 
(2001). The rumen ciliate genera were identified according to the Ration II consisted of 1.00 kg meadow hay, 0.800 kg barley mash 
manual of Dogiel (1929). and 0.200 kg sunflower meal. Ration III contained 1.00 kg meadow 

The cellulolytic activity in the rumen was determined in vivo hay, 0.800 kg barley mash and 0.200 kg sunflower expeller. Rations 
after 24-hour incubation as per Balch and Jonson (1950). In some differed with respect to their lipid and protein contents. They were 
instances cellulolytic activity was investigated after 2-, 4-, 8- and 24-offered twice daily – 8:00 AM and 1:00 PM.  The chemical 
hour incubation. As a source of cellulose, cotton yarn was attached composition of rations is presented in Table 1. 
to 15-g weight in order to retain it in the liquid rumen environment. The experiment was performed with nine yearling rams from 

The results of experiments were processed by Statistica for Blackhead Pleven breed, with initial average body weight 45.2 kg. 
Windows software (Stat. Soft. Inc., 1994) and Microsoft Excel 2007.

of ration and its structure could influence the development and total Results and discussion
counts of ciliates from Isotricha, Dasytricha and Entodinium genera. 
Belzecki et al. (2004) suggested that diet type and structure could Total counts and generic composition of rumen ciliates
influence the development of the different genera of protozoa in the The determination of total counts and composition of rumen 
rumen. Experiments with sheep have shown that dietary particle ciliate fauna is not only of theoretical, but also of practical 
size had the strongest effect on the population of Entodinium significance as protozoa are directly involved in providing ruminants 
caudatum. with necessary metabolites and also, are a source of complete 

Rumen microbial populations represent a highly active protein. The studies of Ivan et al. (2000) demonstrated that the type 
changeable system. The total microbial biomass is altered by 
several factors. The ration type and feeding periodicity are believed 
to have most significant effects. According to Leedle et al. (1982) 2 to 
4 hours after the first feeding, protozoa counts began to decrease 

thand this reduction was preserved until the 16  hour after feeding.
The comparison of diets' effects on the total counts (Figure 1) of 

rumen ciliates showed that before the intake of ration I with barley 
-3and meadow hay, total ciliate counts were 110.96.10.cm . Two and a 

-3half hours after feeding, they decreased to 87.08.10.cm , and 5 
-3hours after feeding  104.08.10.cm . The differences were not 

statistically significant.
Before feeding ration II, total protozoa counts were 

-3171.29.10.cm . They decreased 2.5 hours after feeding (p<0.001) to 
-3107.38.10.cm  and 5 hours after feeding, the counts were 

-3insignificantly different from baseline ones – 148.58.10.cm . Before 
-3feeding ration III, rumen ciliate counts were 131.92.10.cm . Two and 

-3a half hours after feeding they attained 101.04.10.cm  whereas 5 
-3hours after feeding, the counts increased again to 148.58.10.cm . 

The reduction in total rumen ciliates counts 2.5 hours after feeding all 

Table 1. Chemical composition of rations 

Feed

Meadow hay

Barley mash

Sunflower meal

Sunflower expeller

88.20

89.90

88.80

89.70

9.03

9.60

32.50

31.10

28.30

5.00

27.50

16.90

1.90

1.70

1.50

8.80

47.97

72.30

21.60

26.70

1.00

1.30

5.70

6.20

DM(%)
Crude protein Crude fibre Crude fat NFE Ash

Chemical composition (%)

Figure 1. Effect of different lipid and protein dietary levels
on total rumen ciliate counts
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three rations was due, in our view, to acidification of the environment after feeding decreased to 87.38% and 5 hours after feeding – 
due to advanced rumen fermentation events and accumulated increased to 89.88%. No statistically significant differences were 
metabolites. The relative dilution of the rumen content with saliva observed with time. Similarly, there were not statistically significant 
ingested during feeding could also have a decisive role with this differences in percentages of ciliates belonging to the Diplodinium 
regard (Sivkova, 2007). Except for results obtained after feeding genus. 
ration II, it could be affirmed that before feeding rations of different It should be noted that protozoa from the genus Epidinium were 
protein and lipid content, the total protozoa counts in experimental established in considerably low percentages at all sampling intervals 
yearling rams did not change substantially. with all three rations. They practically lacked in animals fed ration II 

After identification of the generic composition of rumen fauna, (with sunflower meal). The same was valid for ciliates from the genus 
the proportion of the members of genus Entodinium was the highest Ophryoscolex. Most probably, the higher content of ruminally 
in all three groups both before and after feeding (Table 2 ). Before degradable fat had an inhibiting effect on populations from this 
feeding ration I, Entodinium ciliates were 89.58%. Their share genus. According to Enev (1996) the high content of fat in the rumen 
decreased to 88.42% 2.5 hours after feeding, whereas 5 hours after suppresses the development of rumen ciliates. A relatively high 
feeding, the proportion increased to 91.46%. In the rumen samples percentage of ciliates from the genus Isotricha was established. The 
of the group fed ration II with sunflower meal, the proportion of highest percentage of this genus was demonstrated with ration II, 
Entodinium protozoa before feeding was 91.75 %, it decreased where the percentage was 7.21 – statistically significantly higher 
slightly to 90.25% 2.5 hours after feeding and increased thereafter to than both rations I and III. There were no statistically significant 
90.75% five hours after feeding. The group fed ration III exhibited the differences in percentages of the genus Dasytricha in all three 
same trends with regard to the percentage of Entodinium genus. rations, at all study intervals.
Their proportion was 89.42% before feeding, two and a half hours 

Table 2. Effect of different lipid and protein dietary levels and sources on generic composition of rumen ciliates (%).

*Comparison among rations – а (І : ІІ), b (І : IІІ), c - (IІ : IІІ), 
  Comparison of data prior to and after feeding, a, b, с, * - p<0.05; aa, bb, сс,** - p<0.01; aaa, bbb, ссс,*** - p<0.001

Group

Ration I - barley mash and meadow hay

Ration II  (+sunflower meal)

Ration III  (+sunflower expeller)

Ration I - barley mash and meadow hay

Ration II  (+sunflower meal)

Ration III  (+sunflower expeller)

Ration I - barley mash and meadow hay

Ration II  (+sunflower meal)

Ration III  (+sunflower expeller)

Ration I - barley mash and meadow hay

Ration II  (+sunflower meal)

Ration III  (+sunflower expeller)

Ration I - barley mash and meadow hay

Ration II  (+sunflower meal)

Ration III  (+sunflower expeller)

Ration I - barley mash and meadow hay

Ration II  (+sunflower meal)

Ration III  (+sunflower expeller)

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

1.29

0.42

0.50

0.60

0.18

0.23

0.42

0.25

0.58

0.19

0.10

0.29

0.13

0.17

0.25

0.09

0.09

0.12

3.88

6.00

5.42

0.71

1.25

1.09

3.38
aa

7.21

5.08

0.84

0.82

0.84

4.00

5.88

5.04

1.04

0.94

1.45

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.04

0.00

0.00

0.04

1.92

0.00

3.08

1.26

0.00

1.52

4.08

0.00

4.71

2.04

0.00

2.50

0.96

0.00
c

3.00

0.66

0.00

1.47

3.75

1.83

1.50

1.22

0.50

0.55

3.63

2.25

2.21

1.24

0.51

0.41

3.46

3.21

1.83

1.19

0.82

0.55

89.58

91.75

89.42

88.42

90.25

87.38

91.46

90.75

89.88

1.71

1.22

1.44

2.44

0.78

2.02

1.70

1.28

1.50

n

р. Entodinium (%)

р. Diplodinium (%)

p.Epidinium (%)

р.Ophryoscolex (%)

р. Isotricha (%)

р.Dasytricha (%)

Study time

Before feeding

Mean ± SEM

2.5 h after feeding

Mean ± SEM

5 h after feeding

Mean ± SEM
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Cellulolytic activity breakdown rate (Silva and Ørskov, 1985,).
Cellulose and hemicellulose are among the most important Table 3 presents the extent of cellulolytic activity in the fore 

components of crude fibre. They account for about 40–50% of plant stomachs of experimental animals. In animals fed ration I, the 
feeds' composition. Cellular walls are built of crude fibre, whose cellulolysis percentage was 10.67%. The substantially increased 

thdegradation makes the cell content available for digestion. The percentage of degraded cellulose (p<0.01) by the 24  hour of 
mechanism of cellulose degradation in the fore stomach of substrate incubation after feeding ration II – 19.30% should be 
ruminants consists in gradual breakdown by extracellular cellulase emphasised. Probably, this type of ration creates preconditions for 
produced by cellulolytic bacteria. The enzyme  β 1-4 glucosidase development and increased metabolic activity of cellulolytic rumen 
converts cellulose to cellobiose, which is then converted to glucose bacterial populations therefore providing them with protein ration.  
via a phosphorolytic pathway with the participation of microbial Feeding ration III resulted in a comparable cellulolysis percentage 
cellobiase. The glucose produced in the rumen is degraded very as that obtained with ration I –  10.07%.
rapidly and its level is usually low. The in vitro extent of glucose In his studies, Tosev (1975) compared the cellulolytic activity in 
uptake by Dasytricha ruminantium is approximately 20 µmol/mg cell the rumen of small ruminants after feeding rations containing 
protein, while the glucose uptake by Isotricha spp. is twice higher sunflower meal and urea. The author did not establish any change in 
(Yarlett et. al., 1981). in vivo determined cellulose breakdown rate after 12- or 24-hour 

The addition of a proteolytic enzyme to a ration containing substrate incubation. Within the same trials, a higher cellulolytic 
thalfalfa hay resulted in increased nutrient digestibility in the entire activity was observed by the 48  hour with urea-containing rations.

gastrointestinal tract (Еun and Beauchemin, 2005). According to The development and metabolic activity of rumen microflora are 
some studies, the addition of non-structural carbohydrates resulted essential for nutrient degradation in ruminant fore stomachs. The 
in no alterations (Hristov et al., 2005) or slight increase in fibre rumen ciliate populations are influenced by diet composition and 

structure and the conditions of the rumen environment. Changes in References
ration content and structure could alter the total counts and generic 
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Table 3. Effect of different lipid and protein dietary levels and sources on rumen cellulolytic activity 

*Comparison among rations – а (І : ІІ), b (І : IІІ), c - (IІ : IІІ); *Comparison of data prior to and after feeding, a, b, с,
* - p<0.05; aa, bb, сс,** - p<0.01; aaa, bbb, ссс,*** - p<0.001

Ration
n Mean ± SEM

cellulolytic activity (%/24h)

Ration I - barley mash and meadow hay

Ration II  (+sunflower meal)

Ration III  (+sunflower expeller)

12

12

12

10.67 ± 2.65
aa ccc

19.30  ± 0.91

10.07 ± 1.86
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