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1. Introduction

The increasing concerns about the use of antibiotics in 
animal production are mainly driven by the fear for inducing 
bacterial resistance against antibiotics. Whether or not this 
poses a real risk for humans and whether or not it justifies a 
whole sale ban (on subtherapeutic use) is still hotly debated 
(Casewell et al., 2003; Hammerum et al., 2007; Philips, 
2007). Some argue the case for allowing certain widely 
used antibiotics with apparent low risk for humans such 
as tetracycline (Cox and Popken, 2010). Anyway, one could 
ask why there is such reluctance in the field to decrease the 
prophylactic and therapeutic use of antibiotics. The simple 
answer is that antibiotics are very cost effective promoters 
of growth and health in production animals. Therefore, 
farmers would only be willing to reduce dependence on 
antibiotics if effective alternatives are available. It is argued 

that in some areas in which antibiotics as growth promoters 
are prohibited an increase with therapeutic use is seen 
(Bengtsson and Wierup, 2006; Casewell et al., 2003), and 
probably for good reasons as we will see below.

2. Alternatives for antibiotics

The search for alternatives is hampered by misconceptions 
about the exact physiological mechanisms behind the 
growth promoting effects of antibiotics. Hitherto, the growth 
promoting effects of antimicrobial growth promoters (AGP) 
were attributed to their antibiotic properties (Dibner and 
Richards, 2005). This is highly unlikely for various reasons, 
the main one being the subtherapeutic concentrations 
used. Indeed, alternatives based on the antibiotic theory 
such as probiotics are not very successful, and even adverse 
effects have been reported (EC, 2000). AGP work much 
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more likely as growth permitters by direct inhibition of the 
intestinal inflammatory response. Most antibiotics have in 
common that they accumulate in inflammatory cells (Labro, 
1998, 2000; Van den Broek, 1989). What is important here 
is that many accumulated antibiotics inhibit the innate 
immune response. The relevant physiological effect of this 
would be the attenuation of the inflammatory response. 
This is important for the following reasons. Inflammatory 
cytokines cause catabolism of muscle tissue and reduced 
appetite (Gruys et al., 2006), and inflammation is clearly 
associated with great physiological expenses (Humphrey 
and Klasing, 2004). Inflammation is most commonly 
associated with (infectious) diseases. Although the latter 
is of (episodic) relevance, the much less known postprandial 
inflammation in the (small) intestines is probably most 
important in production animals. The degree of this normal 
physiological response to a meal is strongly related to the 
dietary energy value (Margioris, 2009), and should be 
properly regulated to avoid adverse consequences such 
as muscle catabolism and inappettance. This is normally 
achieved by the so-called nervous anti-inflammatory 
reflex (Figure 1) which controls and contains the intestinal 
inflammatory cells (Tracey, 2002).

It is important to realise that this regulatory mechanism can 
be overwhelmed by large amounts of (high) energy feed. It is 
thus easy to see why production animals are at risk, and that 
a high degree of postprandial inflammation would attenuate 
growth (Niewold, 2010). It could be argued that reducing 
the energy density of feed could remedy this, however, this 
is hardly feasible in the current highly competitive markets, 
increasing the time to slaughter and associated feeding 
costs. Instead, antibiotics can inhibit growth reduction by 

reducing postprandial inflammation. This in turn would 
mean that only antibiotics that have anti-inflammatory 
side effects are growth promoters. There is indeed a good 
relationship between inhibition of inflammatory function 
and (past) use as AGP (Niewold, 2007). It is unlikely that 
this relationship is only coincidental. AGP are antibiotics 
in subtherapeutic dosage, and the anti-inflammatory 
action is their main effect. Some of the same antibiotics 
are also popular as therapeutics, in which case the growth 
promoting anti-inflammation action can be seen as the 
(welcome) main side effect. It would also explain why the 
same antibiotics still find therapeutic use despite the wide 
spread bacterial (pathogen) resistance against for instance 
tetracycline in the Netherlands (Bengtsson and Wierup, 
2006), and in the USA (Cox and Popken, 2010), whereas 
the same bacterial organisms were the supposed targets 
according to the antibiotic hypothesis for AGP.

3. �Growth promoters should be anti-
inflammatory

The anti-inflammatory hypothesis on AGP also explains 
why non-antibiotic anti-inflammatory compounds like 
acetylsalicylic acid have a similar growth promoting 
effect, although they require higher dosages (e.g. aspirin 
(Xu et al., 1990). In any case, it implies that alternatives 
to AGP should be non-antibiotic anti-inflammatory 
compounds. The obvious advantage is that the argument 
of inducing bacterial resistance will become irrelevant. 
Aspirin and other non-steroidal anti-inflammatory drugs 
could be candidates. However, there is public resistance 
against the perceived abuse of not only antibiotics but 
also other medicines in animal production. This means 
that alternatives to antibiotics should preferably not be 
registered pharmaceuticals, because legislative action can 
be foreseen. There are many (potential) feed compounds 
with anti-inflammatory effects, including amino acids and 
fatty acids (Niewold, 2010). Costs may be prohibitive as 
yet for the latter. Possibly, most viable options could come 
from plants and plant extracts. Plants may provide more 
economically viable alternatives, plants are perceived as 
‘green’, and contain a plethora of candidates. Potential 
anti-inflammatory compounds can easily be selected by 
simple in vitro assays using lipopolysaccharide-activated 
macrophages (Niewold and De Backer, 2010; Wu et al., 
2003), using the established AGP tetracycline as an anti-
inflammatory reference compound (D’Agostino et al., 1998). 
Promising compounds can subsequently be tested in vivo, 
or existing feed additives with purported growth promoting 
activity can be tested for anti-inflammatory properties, 
which would give claims a mechanistic basis.

Tea polyphenols are described as anti-inflammatory (Chen 
et al., 2006), and feed experiments in pigs demonstrated 
indeed anti-inflammatory and growth promoting effects 
in piglets (Deng et al., 2010). Also sanguinarine containing 

Figure 1. Schematic representation of the intestinal anti-
inflammatory reflex. Absorption of high energy feed through 
the epithelial layer stimulates macrophages to increased (+) 
production of pro-inflammatory interleukins. The latter reach 
the brain, and a down-regulatory (-) nervous signal is returned 
to the macrophages. Antibiotics and other anti-inflammatory 
compounds can assist in down (-) regulating macrophages, and 
help attenuate inflammation associated influx of inflammatory 
cells reducing the thickening of the mucosal wall.
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extracts which showed growth promoting activity in 
broilers (Vieira et al., 2008), proved to have in vitro anti-
inflammatory activity (Niewold and De Backer, 2010).

It should be realised that having in vitro anti-inflammatory 
properties is not sufficient by itself. In order to reach 
effective concentrations in small intestine, proximal 
intestinal uptake should be low. This is the case with 
certain polyphenols (Biasi et al., 2011), whereas for instance 
small chain fatty acids like butyrate are absorbed almost 
totally in the stomach and stomach resistant encapsulation 
is required. About 60% of tetracycline (Agwuh, and 
MacGowan, 2006), and about 1-2% of sanguinarine (Kosina 
et al., 2004) is absorbed in the (rat) stomach, leaving a 
considerable proportion of both compounds to attenuate 
small intestinal metabolic inflammation.

4. Conclusions

It is concluded that promotion of growth and health in 
production animals largely depends on attenuation of 
(postprandial) inflammation. Alternatives to AGP can be 
found with relative ease using simple in vitro assays. It is 
argued that plants are most likely the most cost effective 
source of anti-inflammatory compounds, of which several 
are already available. It is anticipated that application of 
these compounds in feed will contribute to reducing 
antibiotic use in animal production while maintaining 
profitability.
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