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IN VITRO AND IN VIVO ALTERATIONS IN RUMINAL VOLATILE FATTY
ACIDS BY ANTIMICROBIAL COMPOUNDS

A. de Jong

Institute for Animal Nutrition, Bayer AG, 5090 Leverkusen, FRG

Introduction

The influence of rumen modifiers such as
ionophores on rumen fermentation and ruininant
performance has been well documented {Schelling,
1984). It is generally believed that the perfor-
mance-enhancing effects of rumen modifiers can
he attributed in part to altered microbial activily
in the rumen, which results in an increased pro-
pionate production, a decreased methanopenesis
as well as a decrcase in the rate of protein degrada-
tion. However, many specific questions still remain
unanswered.

In vitro technigues simulating ruminat fermen-
tation have been used to study not only the maode
of action of antimicrobial compounds, but also to
find new rumen modifiers and to quantify their
efficacies. Generally, they have proved to be
excellent tools, but also some caution should be
exercised. The purpose of this investigation was
to study the relevance of batch culture fermenta-
tions as a predictar of the efficacy of antimicro-
bials to alter ruminal ferientation in vivo. The
cvaluation was mainly based on changes in volatile
fatty acids (YFA) ratios in hoth in vitro and in
vivo trials.

Materials and Methods

In vitro trials

Batch culture fermentations with concentrates
as the substrate were conducted to assess the
effects of antimicrobial compounds of different
classes on the production of VFA. 2.5 m! un-
strained ruminal fluid inoculum from sheep fed
concentrates, grass cobs and hay (65:25:40)
and 7.5 m! McDougall buffer were incubated at
39 °C with 150 mg ground cancentrates in
polyethylene tubes closcd wilh rubbers stoppers
equipped with bunsen valves. Compounds tested
were monensin, lasalocid, maduramicin, salino-
mycin, penicillin G and chlortetracycline at con-
centrations of 2.5 and 25.0 ug/ml. All compounds

were dissolved in SO ) methanol; control tubes
(0 pg/ml) contained an equivalent amount of the
solvent. After 24 h fermentation, a sample of the
incubation mixture was acidified and centrifuged.
The supernatant was analyzed for VFA by gas
chromatography using Chromosorb 101 as column
packing, and L-lactic acid and ammonia enzymati-
cally. Fermentations were always conducted in
duplicate and repeated five times with ruminal
fluid collected from different animals.

In vivo trials

Mature wethers fitted with permanert yuminal
cannulas were utilized. They were individually
penned and kept on fleors. The animals were fed
600 g sheep concentrates by automatic Tceders
in four cqual portions as well as 250 g grass cobs
and 400 g chopped hay per day. Water and salt
licks were always available. The experimental
period congisted of a treatment period of 10 days
as well as an adjustment and a posttreatment
period each of 20 days. Compounds mentioned
above were administered at 11.00h as a 10%
ethanol solution (50 ml) via the cannulas. Treat-
ments were 12,5 ppm of the ionophores and 5.0
mg/kg body weight of penicillin G and chlorte-
tracycline per day. Rumen fluid samples were
taken at 10.00h on the days indicated in figurc
1 for the determination of VFA, L-lactic acid
and ammonia.

Results

in vitro

All jonophores clearly enhanced dose-depen-
dently the production of propionate at the ex-
pense of acetate and butyrate; the prodoction of
total VIFA usually remained unaffected (table i).
Among the ionophores tested, salinomycin and
maduramicin were most effcctive in enhancing
propionate proportion {p<0.01; paired t test);
maduramicin tended tce be slightly less potent
than salinomycin., Monensin and lasalocid were
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Figure 1. Mean effects of 12.6 ppm monensin
(A) and salinomycin (&) and 5.0 my/kg
b.w. chlortetracycling (©} and penicillin
G (®) on in vivo ruminal molar propar-
tion of propionate and total volatile
fatty acid concentration in sheep {n=
4). The arrows on the time axis indicate
the first and last day on which com-
pounds were administered,

less effective than salinomycin and maduramicin
(p <0.005), but compared with the nepative
contral they increased the molar proportion of
propionate highly significant.

In contrast, hoth penicillin and chlortetracy-
cline provoked reversed changes: each dose of
those antibiotics reduced the total VFA levels, in
particular propionate, so that the acetate-to-
propionate ratio was markedly increased. Penicillin
was more inhibitory than chlortetracycline (p <
0.01). Neither compound affected the L-lactate
levels; effects on ammonia varied.

In vivo
The major results of the in vivo trial arc pre-
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sented in figure 1 (for reasons of clarity only the
main treatments are shown). In all cases jono-
phores increased the propionate proportions
significantly, whereas total VFA levels were not.
The efficacy of salinomycin to change VFA
levels markedly exceeded those of monensin and
lasalocid (p <0.025). While the propionate-
enhancing response to lasalocid was similar to that
of monensin, the response to maduramicin clearly
cxceeded that of monensin or lasalocid, but
remained slightly below the response to salinomy-
L lactate and pH uifluenced;
ammonta levels tended to drop after ionophores.

The nonionophores, however, adversely affected
rumen fermentation. Both compounds, parti-
cularly penicillin, reduced tatal VFA levels {p <
0.01) (fig. 1). Penicillin induced a sudden, large
decrease in propionate levels, rcaching a minimum
value after one day. Thereafter, the propionate
concentration rose rapidly above pretreatment
levels culminating on the third day of the treat-
ment, whereafter a gradual decline set in and
normal levels were achjeved in aboutl 4 days (i.c.,
pricr to the end of the treatment pcriod). Only
during the first 3 days of the treatment were L-
lactate levels elevated after penicillin (about
tenfold); rumen ammonia levels were significantly
reduced during the whole treatment period. After
chlortetracycline only a transient decline in pro-
pionate was observed; L-lactate and ammonia
levels tended to increase and decreasc, resp.

cin, remained

Discussion

This sthdy nat only confirms the previously
demonstiated favourable influence of tonophores
on rumen fermentation but also shows that batch
culture fermentations are reliable tools to quantify
the efficacy of ionophores to change rumen fer-
mentation in vivo, because a positive relationship
was ohserved between in vitro and in vivo changes
in the VFA proportions. Very little information is
available on the relative efficacy of iononphores,
but Negaraja et al. (1987) aiso reporied that
salinomycin is more patent in enhancing pra-
pionate production than monensin or lasalocid,
A similar difference in efficacy has been observed
in performance studies (Merchen and Berger,
1985). Interesting enough, the efficacy of madu-
ramicin to alter the in vitro and in vive VFA
composition is slightly lower than that of salino-
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TABLE 1. EFFECTS OF ANTIM CRCBIAL COMPOUNDS ON RUMINAL VFA PARAMETERS IN VITRO.
MEANS + SEM (N=6) ARE PRESENTED

[tem jmi Propionate Acelate: propionate Total VFA

HE/T {molar %) ratio (mmolfl)

Control 0 19.9 + 0.8 3.23%0.15 92.7+ 2.4

Monensin 2.5 224+ 13D 2,78 +0.17°¢ 893+25

25.0 23.6+1.10 2.58+016¢ 871+39

Lasalocid 2.5 220+ 1.1° 285%014° 95.6 + 2.7

25.0 237+1.10 259 +014° 91.6+2.9

Maduramicin 25 2312120 2.72£017° 93.8 +3.0

250 25.1+1,1% 2.45+0.14° 88.0 + 3.6

Salinomycin 2.5 234 %110 2671015 91.1%3.9

25.0 24.9 0,99 239+0.11P 85.4+37

Penicillin G 2.5 140%].10 537+051° 813+35

25.0 12.1 £0.4° 648 £045° 789+36

Chlortetzacycline 2.5 17.4£0.7° 384+ 018° 87.4 £ 2.5
25.0 16.7+06° 411+0.15° 83.6+3.1b

*¥Means with superscripts are significantly different from control (a: p <0.05; b: p <0.01; ¢: p <0.001).

mycin, {n contrasi, the optimum dosage ol
maduramicin to prevent and to control coccidiosis
in poultry is about tenfold below that of salino-
mycin. Our present laboratory studies with about
40 icnophores confirm thal the rclative efficacy
of ionophotic anticoccidials and that of rumen
nrodifiers clearly differ.

The detrimental effects of penicillin and
chlortetracycline on rumen fermentation in vilro
demonstrate that batch cultures can also he used
te predict adverse influences on rumen fermenta-
tion in vivo. Somc of the differences between in
vitro and in vivo, however, become apparent ¢.8.
the transient changes in the propionate and
lactate levels in sheep after penicillin are ahsent in
vitro. We used high doses of antimicrobials as such
doses are therapeutically relevant and would be
more likely fo elicit a response. However, as tle
response to a high dose might be different, in
nature and magnitude, from that of a lower dose,
we also tested S- and 10-fold lower doses of
penicillin in vivo, but found similar changes
although of a smaller magnitude. Further work is
required te  explain the abserved adaptation
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phenomena.

[n conclusion, these experiments show that
sinple batch culture fermentaticns are satisfactory
maodels — at least for ionophores and some ther-
apeutics — to predict alferations in ruminal fer-
mentation in vivo.

(Key world: Antimjcrobials, Rumen Fermenta-
tion, Sheep)
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