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Antibiotic feed additives and livestock production

By D. S. ParkER and D. G. ARMSTRONG, Department of Agricultural Biochemistry and
Nutrition, Faculty of Agrtculture University of Newcastle upon Tyne, Newcastle upon
Tyne NE1 7RU

Hespell (1987) has dealt with the application of some of the newer techniques of
biotechnology in modifying the rumen microbial biomass with the objective of enhancing
efficiency of feed utilization by the host animal. The advantage to be so gained from
modifying the rumen microbial population has already been realized in the widespread
use of antibiotics such as avoparcin and monensin as feed additives in beef and sheep
meat production (Armstrong & Gilbert, 1985). Since virtually all the gut-active growth
promoters for cattle, sheep, pigs and poultry in use today are antimicrobials, predomi-
nantly antibiotics, it is reasonable to conclude that their effectiveness lies in their impact
on the microbiota of the alimentary tract.

While the abundance of the microbial population in the fore stomachs and caecum of
ruminants is universally realized, it is not so well recognized that large numbers of
bacteria are also present in the stomach and small intestine of the pig and in the crop and
small intestine of the bird (Hedde, 1984; Lee, 1985). The microbial population of the
gastrointestinal tract in most warm-blooded animals comprises two distinct populations
the first occurs free or attached to digesta within the lumen of the tract and the second
exists in intimate association with the epithelium of the- tract (for references, see
Armstrong, 1986). The manipulation of the numbers and species of micro-organisms in
the various regions of the tract will influence the nature and availability of metabolites
eventually available to the host animal; it is the consequences of this selective
modification of the bacterial flora within the gut on nutrient availability and absorption
by the host animal that is the subject of the present paper. No mention will be made here
of the efficacy of antibiotic growth promoters (for appropriate references, see
Armstrong, 1984, 1986), nor will comment be made on the modes of action of the
different antibiotics (antimicrobials) in controlling primarily gram positive as distinct
from gram negative micro-organisms (for further information on this aspect, see Franklin
& Snow, 1981; Brander, 1986).

Events in the rumen

Improved measurements of feed conversion efficiency and growth rate in steers fed on
both concentrate- or forage-based diets together with antibiotic feed additives are
associated with changes in the molar proportions of volatile fatty acids (VFA) in the
rumen, increasing that of propionate at the expense of acetate and butyrate. In studies
with monensin in which VFA production rates in the rumen have been measured (Van
Maanen et al. 1978; Rogers & Davis, 1982) it is apparent that monensin inclusion results
in increased VFA production per kg dry matter intake in addition to shifts in VFA molar
proportions in rumen fluid. The rates of production of individual VFA following
monensin inclusion showed increases in propionate and, to a lesser extent, acetate
production with a decrease in that of butyrate. In addition to altering VFA metabolism,
methane production was reduced in steers (Thornton & Owens, 1981) and sheep (Allen,
1981), confirming major shifts in the activity of the rumen microbial population. Studies
on the growth of individual bacterial species (Chen & Wolin, 1979) have shown that
Ruminococcus albus, Ruminococcus flavefaciens and Butyrivibrio fibrisolvens were all
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highly sensitive to the effect of the ionophore antibiotics monensin and lasalocid whereas
Bacteroides succinogenes and Bacteroides ruminicola, both important succinate pro-
ducers, were not. Selenomonas ruminantium is also resistant to these antimicrobial
agents and plays a major role in the rumen with respect to propionate production. Chen
& Wolin (1979) suggested that the reduction in methane production associated with
monensin treatment may be an indirect one via inhibition of precursor production
(formate and hydrogen). Similar results have also been obtained with avoparcin for
laboratory cultures of R. flavefaciens and B. fibrisolvens which were shown to be
susceptible to the antibiotic (Stewart et al. 1983). A more recent study (Stewart &
Duncan, 1985) in which the effect of inclusion of avoparcin in the diet of sheep on rumen
cellulolytic bacteria was assessed showed that avoparcin reduced the number of
ruminococci present although the total number of bacteria remained constant. Avopar-
cin appeared to shift the balance of the cellulolytic bacterial population from
ruminococci to B. succinogenes, a species able to solubilize particularly inaccessible
cellulose such as that in straw cell-walls associated with lignin.

A number of studies have indicated that monensin treatment results in an increase in
the flow of dietary protein to the duodenum and a decrease in the efficiency of microbial
protein synthesis within the rumen (Isicheri & Bergen, 1980) due to the increased
maintenance requirements of the micro-organisms at low growth rates (Stouthamer &
Bettenhaussen, 1973). A further indicator of altered nitrogen metabolism during
ionophore treatment is the reduction in rumen ammonia levels in both steers (Dinius
et al. 1976; Hanson & Klopfenstein, 1979) and sheep (Ricke et al. 1984) although this
response has not been apparent in all studies (Wahle & Livesey, 1985). Recent findings
from steers in which monersin or lasalocid were included in the diet showed that both
these compounds have an effect on urease (EC 3.5.1.5) activity in rumen fluid, reducing
it by 66 and 28% respectively (Starnes et al. 1984). Bacterial urease is a nickel-dependent
enzyme and monensin has been shown to inhibit transport of this element in Meth-
anobacterium bryantii (Jarrell & Sprott, 1982) affording a possible explanation for the
decrease in both ammonia and methane concentrations in rumen fluid of treated animals.

The relation between changes in rumen fermentation variables in animals given
feed-additive antibiotics and the increased efficiency of feed utilization has been
extensively reviewed (Armstrong, 1984, 1986). The evidence, at least that relating to
monensin, shows that a major contribution to enhanced efficiency of feed utilization by
ruminants fed on this ionophore antibiotic lies in the increased metabolizable energy
content per unit feed dry matter. This results from a reduction in methane-gas
production linked to an increase in the proportion and amount of propionic acid yielded
in the fermentation and, to a lesser extent, reduced N excretion via the urine, the
last-mentioned reflecting a protein-sparing effect. Notwithstanding the foregoing it is
clear that much remains to be learnt concerning rumen fermentation in the presence of
sub-therapeutic levels of antibiotics before a full understanding of the benefits realized is
possible.

Events in the small intestine

As already mentioned, very significant numbers of bacteria are present in the crop of
the bird, stomach of the pig and small intestine of both ruminant and non-ruminant
species. Present understanding of the relation between the bacterial population within
the small intestine and functional activity of the tissues of the small intestine is largely
based on studies with germ-free and gnotobiotic animals, particularly the chick (Siddons
& Coates, 1972; Coates, 1980; Yokota & Coates, 1982). These studies indicate that in
germ-free animals there are specific changes in the histology of the villi of the small
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intestine with a reduction in the rate of enterocyte-cell migration up the villus. In
addition there are changes in enzyme activity and rates of nutrient absorption from
isolated loops of the small intestine (for review, see Armstrong, 1986). The extent to
which comparable changes are seen in animals given sub-therapeutic levels of antimi-
crobials in their diets over considerable periods of time is less well established. In the
following each of the factors will be considered separately.

Changes in the gut wall. It has been known for many years that the inclusion of
antibiotics in the diets of pigs results in a reduction in the weight of the small intestine
(Taylor & Harrington, 1955; Braude et al. 1955). Recent experiments at Newcastle show
that inclusion of an antibiotic in the diet of pigs results in significant changes in small
intestinal morphology with elongated villi and a higher villus:crypt ratio in treated
animals which is indicative of a lower rate of enterocyte-cell migration when compared
with controls (P. J. Johnston, D. S. Parker and D. G. Armstrong, unpublished results).
The realization that a number of local and systemic factors, including changes in diet,
influence the rate of cell proliferation in the villus crypts (for review, see Smith, 1985)
suggests that a reduction in the production of toxic by-products normally arising from
microbial activity in digesta could reduce enterocyte damage and therefore lower cell
renewal rates. Degradation of endogenous urea to ammonia has been proposed as one of
the negative influences of the microbial flora in the small and large intestine (Visek,
1978) although there is no clear evidence as to the level of ammonia in the gastroin-
testinal tract which might be considered harmful to the enterocyte cell. Several authors
have identified decarboxylation and deamination of amino acids as a result of microbial
metabolism as possibly influencing both amino acid supply to the host animal and also
producing toxic or pharmacologically active amines which might affect enterocyte
function. Studies with pigs (Dierick et al. 1986a,b), in incubation experiments with
digesta and also in in vivo experiments with surgically modified animals, indicate that a
number of antimicrobial compounds, e.g. virginiamycin, spiramycin, carbadox and
copper sulphate, significantly reduce the levels of ammonia and the production of a
number of amines, particularly cadaverine.

Interference in bile acid metabolism. Metabolism of bile acids within the small intestine
of the chick by the microbial flora has been postulated as resulting in impaired lipid
absorption although the significance of this process in growth depression in the bird is
uncertain (Fuller, 1984). Recent experiments with pigs have shown that bile acid
metabolism is affected by the inclusion of carbadox in the diet (Tracy et al. 1986),
resulting in a decrease in the biological half-life of chenodeoxycholic acid in blood and a
significant increase in faecal excretion of the bile acid. These results are somewhat
confounded by an apparent increase in chenodeoxycholic acid concentration in the portal
blood of the treated animals, although this may reflect increased enterohepatic recycling
of the bile acid as a result of decreased microbial degradation to the toxic lithocholic acid
in the intestine.

Enzyme changes. The induction of sucrase (EC 3.2.1.48) activity in crypt cells of rats
fed on sucrose (Raul er al. 1980) and the differences reported in a wide range of
brush-border enzyme activities between conventional and gnotobiotic animals (Bruckner
& Szabo, 1984) are further examples of adaptation of the enterocyte cells to a changing
environment. In addition the inclusion of avoparcin in the diets of rats resulted in an
increase in aminopeptidase (EC 3.4.11.11) activity in the ileal mucosa (Parker et al.
1984) while raised sucrase activity has been observed throughout the length of the small
intestine of pigs fed on diets containing another antimicrobial feed additive (P. J.
Johnston, D. S. Parker and D. G. Armstrong, unpublished results). The turnover of
brush-border proteins including disaccharidases is markedly affected by pancreatic
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protease activity and in cases of pancreatic occlusion increased expression of enzyme
activity in the brush border has been observed (Alpers & Tedesco, 1975). It has been
suggested that bacterial protease activity may also play a role in the turnover of
brush-border proteins (Alpers, 1983) in which case modification of bacterial numbers,
particularly of Bacteroides species, might be anticipated to increase mucosal enzyme
activity.

Efficiency of absorption. The relation between the expression of enzyme activity and
functional activity of the small intestine as measured by nutrient uptake is not clear. It
has been argued in the past that the gastrointestinal tract has sufficient capacity for
efficient absorption overall and that an increase would be of no obvious benefit to the
animal. The limited information available, however, does suggest that in sheep
avoparcin improves the net absorption of amino acids from the small intestine
(Macgregor & Armstrong, 1984) and in pigs, experiments with virginiamycin resulted in
an enhanced uptake (9% ) of free amino acids from a temporarily isolated intestinal loop
(Dierick et al. 1986a).

The ionophore antibiotics and small intestine. The ionophore antibiotics such as
monensin are very effective coccidiostats for poultry and thus in poultry feeds contribute
to the maintenance of health in the face of environmental stress and the challenges that
arise as a result of intensive livestock production practices. Ionophores are not, however,
growth promoters in poultry, in contrast to the situation with ruminants (Armstrong,
1986). Tonophore antibiotics are not of course used clinically since, unlike most other
antibiotics, they are equally toxic to eukaryotic and prokaryotic cells (Hammond &
Lambert, 1978).

It is known that in cattle more than 70% of monensin is excreted intact in the faeces
(Armstrong, 1984) and thus it is reasonable to conclude that significant amounts of
ionophore antibiotics pass through the small intestine of the ruminant daily. The same
will of course be true for poultry when these are receiving ionophore antibiotics as
coccidiostats. Thus it is relevant to question the effect that the presence of such
ionophore antibiotics have in the small intestine in addition to their anticoccidial action.

The influence of the ionophore antibiotics in the small intestine might be anticipated to
involve direct effects on enterocyte membrane function. Monensin has been shown to
affect Na*, K*-ATPases and Na™ transport across membranes, It has been suggested that
these effects would influence the carrier systems within the brush border enhancing, for
example, amino acid absorption linked to electrochemical gradients but depressing
uptake linked to Na* symports (Bergen & Bates, 1984). Both monensin and lasalocid
bind a wide range of monovalent ions and in addition lasalocid binds several divalent ions
including calcium, magnesium and cupric ions. It is possible, therefore, that these
compounds could influence the availability of both macro- and micro-elements present in
feedstuffs. Studies in the chicken have shown that both monensin and lasalocid reduce
the incorporation of °Ca into duodenal mucosal samples although when these studies
were repeated with ®Cu, monensin reduced and lasalocid increased incorporation into
the tissue (Elsasser, 1984). These studies did not distinguish between reduced uptake via
the mucosal surface or increased transfer across the serosal membrane but do indicate
that the presence of ionophores in the diet influences the transport across the epithelium
of the gastrointestinal tract. Elsasser (1984) also reports that in routine screening of
sheep fed on similar diets with and without monensin or lasalocid, serum Ca was
significantly lower and phosphorus higher when monensin was included in the diet but
not when lasalocid was present.
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Metabolic effects of antibiotic feed additives

In ruminant animals the increase in propionate availability in the rumen following
antibiotic administration has been shown to raise blood glucose concentration (Potter
et al. 1976; Raun et al. 1976) and also glucose entry rate in 104-d pregnant ewes (Oddy et
al. 1978) and in cattle (Van Maanen et al. 1978). A recent study by Wahle & Livesey
(1985), in which both barley-based and forage-based diets were given to sheep with and
without monensin supplementation, showed that propionate oxidation by liver slices
increased following monensin treatment and, in the case of the concentrate diet,
significant amounts of propionate escaped liver metabolism and were detectable in
peripheral blood. Despite the observed increase in propionate availability there was,
however, no change in plasma glucose concentrations; plasma insulin levels were
reduced when compared with control values, a finding that warrants further study. The
influence of monensin on overall body metabolism has also been investigated in pregnant
ewes (Austin & Wilde, 1985) where inclusion of the ionophore in the diet had positive
effects on blood glucose levels, reduced blood 3-hydroxybutyrate concentrations in late
pregnancy and eliminated clinical signs of pregnancy toxaemia. This was achieved
despite a decrease in feed intake by the treated animals suggesting an overall improve-
ment in efficiency of feed utilization rather than increased tissue mobilization.

Experiments designed to investigate the influence of treatment of young growing pigs
with carbadox on fasting metabolic rate and thyroid function (Yen ef al. 1985) were
unable to detect any differences between control and treatment groups. Pigs fed on diets
containing carbadox showed improved weight gain and feed conversion efficiency when
compared with controls and, as expected, the weight of the small intestine was
significantly reduced. In view of the high metabolic activity associated with gut tissues
(Webster, 1981) it would seem reasonable to conclude that, at least with simple-
stomached animals in which low-level antibiotic administration is known to reduce
epithelial tissue mass and rate of epithelia cell turnover, part at least, of the improved
animal performance may well be due to reduced energy costs of gut metabolism.

Concluding remarks

Undoubtedly the presence of antibiotics in the digesta of the stomach and small
intestine does have significant effects on the epithelial tissue with the possible implication
of a lowered energetic cost to the body for the maintenance of this very active tissue and
also improvement in nutrient absorption. Certainly there are changes in the enzymology
of the intestinal wall and evidence that points to a reduction in the microbial production
of toxic metabolites such as ammonia and amines within it. In the ruminant animal it is
clear that there are significant additional changes in nutrient availability arising from
events in the rumen which contribute to improved feed conversion efficiency in growing
animals. The presence of antibiotics in the digesta of the caecum and hind-gut are likely
to exert additional effects but, as yet, little is known about the significance of the
contribution of such effects to overall improvements in efficiency of livestock production.
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