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Abstract 

C h 0, n S. B., 0 x a naG. S a v k a; P.B fez ina, M. Mar 0, u n e k: 
Effect of Tylosin on Rumen Fermentation in vitro. Acta vet. Bmo, 58, 1989:313'321. 

The effects o,f tylo,sin o,n productio,n 'o,f end-products o,f carbo,hydrate metabolism, 
utilizatio,n o,f lactic acid and degradatio,n o,fprotein were investigated in in vitro 
experiments with rumen inocula;' Tylo,sin no,n-specifically inhibited the rumen fermen
tatio,n with ino,cula fro,m no,n-adapted cows, but most o,f its effects disappeared when 
ino,cula wera taken from adapted wethers. Productio,n o,f lactic acid was severely 
depressed by tylo,sin, no, matter whether inocula o,riginated fro,m no,n-adapted o,r 
adapted animals. So,me o,ther tylo,sin-induced metabo,lic effects differed from those 
o,f io,no,pho,re co,mpounds, in spite o,f the fact, that bo,th tylosin and io,no,pho,res 
are Po,tent gram-positiveantibio,tics. 

Cattle, wethers, rumenjluid, incubation 

Tylosin is a macro,lide antibio,tic produced by Streptomyces frQdiae that is a potent inhibito,r 
o,f the pro,teosynthesis in many gram-positive bacteria. Several researchers have demonstrated that 
co,ntinuo,us lo,w-level feeding o,f tylosin reduced the incidence and severity o,f liver abscesses; 
increased average daily gains and improved feed conversio,n o,ffeedlo,t cattle (B' r .0, w n et aI. 1973; 
H e i n e man 'n et al. 1978; P 0, t t e r et al .. 1985). The liver-pro,tecting effect tylosin is based 
o,n its inhibitory influence o,n Fusobacterium necrophorus (previo,usly recognized as Sphaerophorus 
necfophorus), a bacterium that was isolated fro,m 9S%o,f the abscess specimens in experiments 
o,f B r 0, w n et aI. (1973). The co,mbinatio,n o,f mo,nensin and tylosin has. been cleared fo,r 
co,mmercial use as the feed additive in the cattle industry in the USAnowadays and similar 
io,no,pho,re Itylosin combinatio,ns are being tested (G i 11 and 0 wen s 1984; S t r a s i a and 
J 0, r dan 1985). 

Altho,ughthe additio,n' o,f tylosin to, ruminant diets seems to,. be pro,mising, little info,rmatio,n 
is currently available o,n its effect· o,n the rumen. fermentatio,n. Pur s.e r et aI. (1965) fo,\lnd 
that vo,latile fatty acid (VFA) distributio,n was modified towards mo,re butyrate and less pro,Pionate 
in tylosin-fed wethers. Rumen pro,to,zo,al numbers wereincteased rollo,wing antibio,tic supplementatio,n 
while no, differences were o,bserved in the to,tal viable. bacteria counts, Similar effects of tylo,sin 
on the mo,lar compo,sition ofVFA were found by O'C 0, n n o. r et aI. (1970) in vit1'Q.. Nag a raj a 
and T a y 1 0, r (1987) mentio,ned briefly that tylosin increased acetate and. decreased propio,nate 
in' their batch culture fermentatio,ns.· The susceptibility and resistance o,f pure' cultures. o,frumen 
bacteria to, tylosin have been Teported in several studies (E 1 A k: k a d and, H 0, bs 0, n 1966; 
Wan g et aI. 1969; Nag a raj a and T a y 1 0, r 1987; Mar 0, u n e k et al. 1988). Tylosin 
inhibited the gro,wth o,f rumen gram-positive bacteria and those bacteria which o,fi1m stain,gram-ne
gatively, but Po,ssess cell walls with gram-positive ultrastructure, such as Butyrivibrio jibrisolvens 
and the rumino,cocci. 

The purpose o,f this wo,rk was to define better effects of tylosin o,n rumen fermentatio,n in vitro. 
We aslo, watend to, test the hYPo,thesis o,f R use 1 1 and S t r 0, bel (1988) who, suggested 
that any gram-positive antibio,tic can produce fermentatio,n shifts similar to, tho,se of monensin. 
Their experiments.sho,wed that bacitraci~ a polypeptid<e gram-positive antibiotic, pro,duced ferrnenta-

* Corresponding autho,r 



314 

tion effects that resembled veJY much alternations in rumen stoichiometry observed with tonophores. 
Our in vitro experiments w~ performed using rumen Ouid from both non-adapted and adapted 
animal& 

a) General remarks 

Samples of rumen oontents were taken from rumen flStuIated animals (two cows or two 
wethers), two hours after the morning feed. The animals were fed twice a day. The cows weighi11l 
about 550 kg were fed with 2 kg of concentrate. 6 kg of meadow bay and 10 kg of maize 
silage per day. The wethers, weighing 50 kg, were fed with 0.8 kg of meadow bay and 0.4 kg 
of a commercial concentrate mixture, supplemented with 200 mg of tylosin (Blanco) per day for 
two months. Rumen Ouid was prepared from whole rumen contents by straini11l through two 
layers of chesc cloth. Its average pH was 6.70 and 6.67 for cows and wethers, resp. The in 
vitro incubations were carried out as described previously (M a r 0 u n e k et al. 1983). Tylosin 
was added at 0-2-5-10 and 20 mgll, fmal concentration. Each experimental or control arrange
ment was incubated in four replicates. 

Six experiments were performed with the rumen fluid from non-adapted cows (No. 1-6) 
and eisht experiments with the rumen fluid adapted wethers (No. I - VIII). Two experiments 
(No. 5 and No. V) were performed at low pH values, all others in the physiological pH interval 
(pH 6-7). 

b) Incubations 

E x per i men t 1. Glucose (1.5 g) was dissolved in 100 ml of Mc Dougall butTer containing 
sources of nitrogen, vitamins and miaoelements, then 50 ml of rumen fluid were added. The 
cultures were incubated anaerobically at 39 PC for 6 hours. 

Ex per i men t 2. Maize starch (3 g) was suspended in 100 ml of buffer and the 50 ml 
of rumen Ouid were added. The cultures were incubated 8 hoUrs. 

E x per i men t 3. Whatman filter paper No. 1 was ground and added (3 g) to 100 ml 
of buffer and 50 ml of rumen Ouid. The inwbation time was 20 hours. 

E x per i men t 4. Citrus pectin (Genu Pektin from the Pectin Factory Ltd., Copenhagen, 
commercial quality) was dissolved in butTer (2 gllOO mI) and 50 ml of rumen Ouid were added. 
The cultures were incubated 7 hours. 

E x per i men t 5. In this experiment 1.5 I of sucrose and 3 g of soluble ~ were added 
to 100 ml of buffer and 50 ml of rumen fluid. The pH was kept between 5 and 6, to achieve 
a high production of lactic acid. The inwbation time was 7 hours. 

E x per i men t 6. Sodium lactate was dissolved in buft'er (SO mmolIl), then rumen fluid 
was added (l00 ml + 50 ml). The incubation time was 7 hours. 

E x per i men t s 1-6 w~ perfomed usi11l the same substrate and incubation conditions, 
except that adapted wethers instead of non-adapted cows served as donors of inocula and the 
lowest concentration of tylosin (2 mgIl) was omitted. 

E x per i men t V I I. In this experiment we estimated the effect of tylosin on production 
of VFA and methane from the mixture of sodium c:arboxymetbylculose (Koch LiPt Labora
tories, Ltd, UK), maize starch and Jlucose in ratio 9 : 9 : 2. The mixed substrate (27 g) was added 
to 600 ml of buffer and 300 ml of rumen Oui'd. Tylosin was added at 10 mg/l, final concentra
tion into one incubation ¥eSSCl, whereas control recetved no tylosin. Fermentation gas was collected 
in calibrated glass cylinders, eqUipped with three-ways valves. The incubation was completed after 
11 hours. 

E x per i m eDt V I I I. Casein Iiom Flub (1.5 g) and Jlucose (1.5 g) w~ added to 100 ml 
of butTer and 50 ml of rumen fluid. The cultures were incubated 6 hours. 

c) Analyses 

Total VFA were estimated by titration after steam distillation. Their molar composition was 
determined by gas liquid chromatop"aphy using a column of the lnerton A W (0.25 -0.32 mm) 
with 10 % Reople:x 100 (Lachema, Brno, CzechosIoYlkia); lengt 1.8 m. A Chrom 4 gas chro
matograph (Laboratory Instnunents, Pntsue) equippedwitb a FI detector was used. The separa
tion was carried out at 125 °C and an inlet pressure of 150 kPa. The same column and de-
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tector were used for the determination methane at room temperature and at an inlet pressure 
of 40 kPa. Lactate was oxidized to acetaldehyde and measured in microdiffusion chambers (C 0 n -
way 1957). Protein was measured according to Low r y (1951). 

Results 

Effects of tylosin on production of VF A and lactate from. carbohydrates 
are shown in Figs. 1-4. Tylosin had little effect on production of butyrate in 
experiments with inocula taken from non-adapted cows (Fig. 1). The total VF A, ace
tate and propionate were decreased in tylosin-treated cultures. The molar ratio ace
tate to propionate was lowered by tylosin in cultures with starch. and pectin, but 
increased in cultures with glucose and cellulose. Contrary to this, the total 
VF A and their molar composition were unchanged in experiments with inocula 
from adapted wethers. The addition of tylosin resulted in considerably lower 
production of lactic acid, both with non-adapted and adapted cultures (Figs. 1 
and 3). The utilization of lactic acid was lowered in tylosin-treated cultures 
with inocula from cows and to a smaller extent also in cultures with inocula 
from adal>ted wethers (Figs. 1 and 3). Tylosin also diminished production of 
methane and degradation of protein (Figs. 4 and 5). These experiments were 
performed using adapted inocula only. 

Discussion 

In our experiments tylosin inhibited rumen fermentation in vitro with inocula 
taken from non-adapted animals, but most of its effects disappeared when 
inocula originated from adapted animals. This adaptation effect was probably 
caused by selection of bacterial strains resistant to tylosin, although other mecha
nism can not be excluded, e. g. the inactivation of the antibiotic, the alteration 
of its target site or the block in transport. The most pronounced effect of 
tylosin was its inhibitory influence on the production of rumen lactate, that 

. persisted in animals adapted to high doses of the antibiotic. Tylosin was much 
more effective in this respect than monensin in our previous experiments (M a -
r 0 u n e k et al. 1988). This lactate-depressing property can be related to the 
inhibitory effect of tylosin on gram-positive bacteria, that are principal lactate 
producers in the rumen. Surprisingly, the microscopic appearance of the rumen 
fluid was not much changed after adaption and gram-positive bacteria were 
still present The decrease in methane production was proportional to the decrease 
in VFA (Fig. 4); this finding supports the assumption that·tylosin has little direct 
effect on methanogens. 

R us s e I and S t rob e I (1988) stated that any gram-positive antibiotic 
may produce effects similar to those of monensin. In our experiments tylosin, 
a potent gram-positive antibiotic, exerted only partially effects on the molar 
composition ofVF A, that are typical for monensin and other ionophores. Neither 
penicillin, another gram-positive antibiotic, resembled monensin in experiments 
of 0' Con nor et al. (1970) and Bee d e and Far Ii n (1977). 

In conclusion, the addition of tylosin to monensin-supplemmted or monensin
-free diets may be benefitial for ruminants, thanks to its liver-protecting, 1actate-de
pressing and protein-sparing effects. 
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Fig. I Effect of tylosin on iT. vitro rumen fermentation with inocula from non-adapted cows. 
Substrates were, glucose (1), starch .(2), cellulose (3), pectin (4), sucrose and starch at low pH 
(5) and lactate (6). 
a -acetate, p - propionate, b - butyrate 
* - p < 0.05,: - P < 0:005 
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Fig. 2. Effect of tylosin on in vitro rumen fermentation with inocula from adapted wethers. 
Substrates were glucose (1), starch (m, cellulose (Ill) and pectin (IV). 
a - acetate, p - propionate, b - butyrate 
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Fig. 3. Effect of tylosin on in vitro rumen fermentation with inocula from adapted wethers. 
Substrates were glucose and starch at low pH (V) and lactate (VI). 
a - acetate, p - propionate, b - bwyrate * - p < 0.025 
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F ... 4. Effect of tylosin on In vlllO production of methane and VF A from Iluc:ose with inocula 
from adapted wethers. 
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UBnek tylosinu D8 bldlorovou ferm$tacl in 'Vitro 

ZjiStovali jsme uanek tylosinu na tvorbu konemjch produktU metabolismu 
sacharidd, utilizaci kyseliny ml6m6 a Odbourinf proteinu ~ ,.polrusech in vitro 
s bachorovou, tekutin()u. Tylosin nespecificky -inhiboval bachorovou fermentaci 
bylo-li inokulum vzato z neadaptovanjch krav. lebo vliv na fermentaci by! maly, . 
bylo-li inokueum vzato ze skopcU adaptovanych na pfijem tylosinu. Produkce 
kyseliny ml6m6 byla tylosinem ~:~ch okolnosti vYIiZn~ pottaama. Pfestofe 
tylosin, podobn~ jako ionofory, iJlbiblije rUst grampositivnfch bakteru, nejsou 
jim zp6s0ben6 posuny ve slofeni~m,etabolitU zcela ~*. 

~'. . 

.. . , 

, , ;; , 
:'. j . 

. ~ .i 

Bos.I{eicDHe THJI03HBa aa 4aep""'.- py6qa ..... """0 
~ i j i' ~ ~.",' : ~ 'i . 

YCTaHaBJlMBaJlM B03,!{eHcTBMe tTHn03MH~ Ha o6~aio~aH~e KOHellHItlX npo
,!{yKTOB MeTa6oJlM3Ma caxapM,!{OB, YTMJlM3allMlO MOJlOllHOH KMCJlOTItl M pac
~enJIeHMe··npOTeMHa' B xo,!{e.3KcnepMMeHTOB B. np06MpKaX C )l(M,!{KOCT&1Q 
py611a. TMP03MH HecnellM<pMlIecKM MHrM6MpOBaJl <pepMeHTallMlO 'pyoI:(3 npH 
nonylleHHM MHOKYJlJlllMOHHoro Bel1\eCTBa y 'iiea,!{aII'Ofpo:saHHYX KOpoa.' Ero' 
BJlMJlHMe Ha <pepMeHTallMlO 61tlJlo He60Jl&WMM npM nonylleHMM ,!{aHHoro 
Bel1\eCTBa y XOJlOl1\eHItlX 6apaHoB, npMcnoc06J1eHHItlX K npMeMy TMJl03MH3. 
npO'!{yKllMJI MOJlOqHOH KMCJlOTIal npM Bcex 06CTOJlTeJl&CTBaX 61tlJla TMJl03MHOM 
CYl1\eCTBeHHO npMTopMoxceHa; Hec~OTp'JI~a TO, liTO TMJl03MH no,!{06HO MOHO
<pOP3M MHrM6MpyeT pOCT rpaMMnOJlOXCMTeJl&HIalX 6aKTepMH, BItl3BaHHIale MM 
c,!{BMrM B COCTaBe MeTa60JlMTOB He JlBJlJllOTCJI COBepweHHO 0,!{MH3KOBItlMM . 

..... " .-
t;,: :.' .". -f' ;:. , ; ~ 
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