
', - : '. ' . ·:···:,,'.:: 

SUMMARY 

DIET COMPOSITION AND NON-ANTIBIOTIC FEEDING 
PROGRAMS IN EUROPE1 

Martin W.A. Verstegen 
Wageningen University, Dept. of Animal Sciences, 

Animal Nutrition Group, The Netherlands 

In the EU from 2006 onwards there will be a ban on all use of antibiotics as growth promoters. 
That means there is not much discussion on it. The farming community has accepted the ban. 
There is a lot of research activity on finding substances (non antibiotics) which may be used to 
compensate for some mode of action of antibiotics. 

Recently, more and more is becoming known about the mode of action of antibiotics as growth 
promoters (AMGP), particularly in relation to what they do in the gastrointestinal tract (GIT). 
The way in which AMGP promote growth is related to limiting: 1) activities of some microbes in 
the small intestine, 2) production of some toxic metabolites, 3) sometimes decrease in 
availability of nutrients from feed for the animals by microbes, and 4) the thickness of the wall of 
the GIT. 

Therefore, to compensate for the possible decrease in production, much work is now being done 
to investigate possible alternatives (probiotics, prebiotics, enzymes, oils, herbs, yeast products). 
Suitable alternatives must be both proven and cost-effective, for the conditions and diets as used 
at the farm level. 

BACKGROUND 

Animals have become more vulnerable to potentially harmful microorganisms such as rotavirus, 
E. coli, Salmonella spp., Clostridium perfringens, and Campylobacter sputorium. In an attempt 
to control some of these problems, the use of in-feed AMGP, at both therapeutic and sub
therapeutic levels has become widespread. However, partly as a result of various public health 
scares associated with the consumption of animal products (such as the salmonella scare of the 
80's in Great Britain), there is increasing consumer pressure to reduce the use of antibiotics in 
feed. This has logically led to increased interest in other ways of enhancing animal performance 
and helping the animal to withstand disease. Hence, the increasing investment of time and money 
to look at alternatives to maintain growth and performance in farm livestock, while at the same 
time considering the health, safety, and acceptability of the resultant product in the human diet 
(Ewing and Cole, 1994). 

The public has become increasingly concerned about the consequences of feeding antibiotics to 
livestock for both human and animal health. The most serious threat is that antibiotic use can 

1 
Part of this manuscript has been published before in: Verstegen, M WA. and B.A. Williams, 2002. 
Alternatives to the use of antibiotics as growth promotor for monogastric animals. Animal 
Biotechnology 13, 113-127. 
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lead to drug resistance in pathogens of significance to humans, both directly, as in the case of 
food-borne pathogens such as Campylobacter jejuni and Salmonella and indirectly, by 
transferring resistance from non-pathogenic bacteria to pathogenic bacteria through a variety of 
mobilized genetic elements (Prescott, 1997). The nature of the problem has been the subject of · 
several recent reviews (Sou, 1997; Health Council, 1998; Lawrence, 1998). 

Within this context, interest is now becoming more focused on one of the body's natural defense 
mechanisms which was first referred to as "colonization resistance" by Van der Waaij et al. in 
1971. This refers in part to the existence of a population of non-pathogenic bacteria which are 
normally and naturally present within the GIT of all domestic animals and birds. There is a 
delicate balance of beneficial and pathogenic bacteria in the GIT, and many symbiotic and 
competitive interactions occur between them (Ewing and Cole, 1994). Several mechanisms by 
which the normal population provides protection have been proposed. These include: the 
production of substances such as volatile fatty acids, which inhibit multiplication of non
indigenous organisms; competition with non-indigenous. organisms for nutrients present in 
limited supply; and competition with non-indigenous organisms for available tissue attachment 
sites (Hentges, 1986). Since the ban on the use of antibiotics as growth promoters in Europe in 
1999, the search for alternatives is an important topic of research. Williams et al. (2001) have 
reviewed the relation between micro biota of the large intestine and health of the GIT. 

Anderson et al. (1999) suggested two simple concepts by which the indigenous micro biota of the 
small intestine could depress growth of the animal: 1) competing with the animals for nutrients, 
and 2) production of toxic metabolites which increase mucosa! gut turnover. Both of these 
aspects could potentially contribute to reduced growth. For example, Vervaeke et al. (1979) 
suggested that 6% of the net energy in a pig's diet could be lost due to bacterial utilization of 
glucose in the small intestine. It has also been shown that blocking urease activity in the GIT, 
which reduces ammonia release from urea, increased growth (Anderson et al., 1999). Amidst the 
uncertainty, there is at least sufficient evidence to show that the growth promoting effect of 
antibiotics is due to a mechanism in the GIT and not elsewhere in the body. Antibiotic growth 
promoters are thought to reverse this microbial-induced growth depression. This means that there 
is an increased availability of nutrients and/or reduction in the maintenance costs of the 
gastrointestinal system. In the search for alternatives to antibiotics, it would therefore be logical 
that such alternatives would also act according to one of these two mechanisms. 

In the following, several alternatives will be discussed in relation to the antibiotic function within 
the GIT which they are most likely to replace. The following candidates for alternatives will be 
included: 

• probiotics 

• prebiotics (non digestible oligosaccharides) 

• organic acids 

• enzymes and modifiers of microbial activity (herbs). 

Some of these have already been studied extensively in humans, and others in animals. The goal 
of many recent studies is to find new technologies to improve animal performance by an 
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improvement in GIT health by management, nutrition and some non-antibiotic pharmaceutical 
approaches. 

The feed industry in The Netherlands and many European countries is supporting research which 
seeks to maintain a form of active yet stable GIT micro biota, which is free of pathogens. Such a 
stable system could also prevent the colonization of potential pathogens by maintaining GIT 
conditions which are unfavorable to them. 

Probiotics 

The addition of a bacterial culture to the feed was one of the first alternatives to be used as a 
replacement for AMGP (Jensen, 1998). Such additives were considered to be effective by 
preventing colonization by potentially pathogenic microorganisms. However, there may also be 
other mechanisms at work, such as that shown by Breves et al. ( 1997) whereby the absorption of 
nutrients through the gut wall was enhanced by the presence of Bacillus cereus subsp. Toyoi. 
Whatever the mechanism, it is recognized that such preparations are only effective if applied 
continuously. Probiotics are not generally used in pig nutrition but are more common for poultry. 

Probiotics have gained in popularity as functional food ingredients for both food and feed. In 
human diets, the main application until now, has been in fermented dairy products, but they are 
also used as dietary supplements and in the form of pharmaceutical preparations. For example, 
several species such as Bifidobacteria ( e.g. B. breve, B. inf antis, B. longum, B. bifidum and B. 
adolescensis), Lactobacillus ( e.g. L. acidophilus and L. paracasei), Enterococcus ( e.g. E. faecium 
and E. faecalis) and Saccharomyces boulardi are now used. Survival in the GIT (resistance to 
gastric acid and bile acids) and adherence to mucosal cells are considered to be important 
selection criteria for probiotic activity in humans. Depending on the definition that is used for a 
probiotic, the yogmi culture (Streptococcus lactis subsp. thermophilus and Lactobacillus 
delbriickii. bulgaricus) which does not survive in the GIT, but which does improve lactose 
digestion because of its inherent lactase activity, can also be considered a probiotic. 

The effects of probiotics in humans have been investigated under various conditions and this has 
not always led to consistent results. Nevertheless, during a meeting organized by the Lactic Acid 
Industrial Platform (LABIP) which included the participation of 20 independent scientists, the 
following effects (in humans) were identified (Guamer and Schaafsma, 1998): 

• reduction of signs of lactose intolerance 

• reduction of the duration of several types of diarrheal diseases ( e.g. induced by rotavirus and 
antibiotic treatment) 

• reduction of bacterial enzyme activity 

• effects on the immune system. 

There is no doubt that ingestion of live traditional yogurt cultures, via yogurt or other types of 
fermented milk, helps to relieve symptoms of lactose intolerance in subjects with adult primary 
lactase deficiency. Other types of lactobacilli can also exert this effect, e.g. those organisms 
which display ~-galactosidase activity. The effect is attributable to the microbial lactase, which 
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continues its activity in the small intestine after ingestion of the fermented milk (Kolars et al., 
1984). 

It has been demonstrated that ingestion of lactobacilli derived from the human intestine, and · 
which were able to survive passage of the stomach (acid-resistant) and small intestine (bile
resistant), helped to reduce the duration of several types of diarrheal diseases. Such diseases 
included those caused by rotavirus infection, by enteropathogenic E. coli bacteria, and by 
antibiotic treatment (Isolauri et al., 1995; Sheen et al., 1995). However, the mechanism of this 
beneficial effect is not completely understood. It may be related to enhanced intestinal secretion 
of immunoglobulins of the IgA class, or to effects on the epithelial cells which improve the 
barrier function of the intestine. 

Ingestion of probiotic lactobacilli has also been shown to reduce the activity of certain fecal 
enzymes of the intestinal flora ( e.g. ~-glucuronidase, urease, azo-reductase and nitro-reductase ). 
These enzymes are suspected to be involved in the formation of carcinogenic compounds 
(Spanhaak et al., 1999). 

Prebiotics 

These compounds can be considered as potential alternatives for AMGB when they directly or 
indirectly favor or mimic one of the actions of AMGB. Prebiotics have been defined as non
digestible food ingredients that beneficially affect the host by selectively stimulating the growth 
and/or activity of one or a limited number of bacteria in the colon leading to an improvement in 
host health (Gibson and Roberfroid, 1995). The purpose of prebiotics is therefore to provide a 
substrate for beneficial GIT microbes (e.g. Bifidobacterium spp; Lactobacillus spp. and others). 
Most of the compounds investigated until now, have been a form of carbohydrate. 

In traditional feed characterization ( e.g. proximate analysis), no differentiation is made between 
different classes of carbohydrates. However, for cereal grains, at least 80% of the components 
are carbohydrates, of which 70-90% are composed of starch. Thus, the non-starch 
polysaccharides (NSP) can make up 10-30% of the carbohydrates present in grain. 

The large intestinal bacteria are probably well adapted to dynamic changes in their nutrient 
supply. Some are more specialized in the hydrolysis of plant polysaccharides and may produce 
small molecular weight carbohydrates from large polymers. Non-starch polysaccharides are 
increasingly being studied, both in relation to their effect on GIT function and on the volatile 
fatty acids which are produced. Certain carbohydrates are now recognized as having prebiotic 
activity in the large intestine. 

However, Bach Knudsen et al. (1995) estimated that 40-60% of non-digestible oligosaccharides 
(NDO) and up to 20% of the other NSP are actually fermented in the small intestine of pigs. This 
confirms that the high numbers of active bacteria present in the small intestine are potentially 
capable of fermenting carbohydrates. Such small intestinal fermentation has been shown in 
piglets by Houdijk (1998) and Awati (2005) and in young chickens by Smits (1996) and 
Langhout (1998). 
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It is thought that some prebiotic feed additives may be applied to control post-weaning diarrhea. 
Oligosaccharides have been shown to have interesting potential for research on alternatives to 
antibiotics (Hartemink, 1997). They may be considered as alternatives because they have an 
effect on the GIT microbiota by providing a substrate for beneficial microorganisms. In addition, 
they contribute to the repartioning of unused dietary nitrogen, by the excretion of more microbial 
protein in feces. As a result of this increased microbial N in the feces, there is less N excreted in 
the urine. However, this is only true if fermentation continues in the large intestine ( Canh, 1998). 

From studies at Wageningen University (Alles, 1998; Houdijk, 1998; van Laere, 1999; 
Hartemink, 1977; Shim, 2005; Ajay, 2005) it became clear that many NDO may ferment too 
quickly. In piglets, some NDO have been shown to be completely fermented before reaching the 
large intestine (Houdijk, 1998). Under these conditions, large intestinal bacteria are forced to use 
protein as an energy source leading to an increased production of branched-chain fatty acids 
(Houdijk, 1998) and ammonia. Thus future research may aim at a better control of fermentation 
in the GIT, with the aim of a more continuous fermentation of carbohydrates along the entire 
GIT. Houdijk (1998) concluded that NDO as such, have so far shown little growth promoting 
effect, but may still contribute in some cases, to better GIT health. 

The study of Houdijk (1998) showed the importance of GIT location for the fermentation of the 
prebiotics (e.g. NDO). Various approaches have been used to study this. One was developed by 
Minekus et al. (1999). Their in vitro model simulates the transport and breakdown of feed 
components/chyme hydrolyses through the various parts of the GIT of humans in combination 
with absorption of the hydrolysed components. Using the large intestinal section of the model, 
they showed that inulin, soy polysaccharides and FOS were already partly fermented at the 
beginning of the large intestine. Inulin and Arabic gum were completely fermented mid-way 
along the large intestine. On the other hand, resistant starch and a-cellulose were fermented only 
in the latter part of the large intestine. Houdijk (1998) has discussed why a continuous 
fermentation throughout the large intestine may be beneficial. In each segment of the GIT there 
has to be an appropriate carbon to nitrogen (C/N) ratio (Borg-Jensen, 1993). There is 
considerable evidence that under non-optimal conditions of husbandry, NDO may have a 
beneficial effect on young animals. Also, the combination of NDO and probiotics could be 
beneficial under these circumstances (Mul, 1997). It can be hypothesized that a combination of 
various substances with different rates of fermentation will be effective in mimicking some of 
the antibiotic effects. 

At our laboratory, Bauer et al. (2001) performed a large study investigating the fermentation 
characteristics of a range of different carbohydrates. Using a modified cumulative gas production 
technique (Williams et al., 1995), fermentability was assessed according to the kinetics of gas 
production, VF A and ammonia production, and pH of the medium at the end of fermentation. 
Inoculum was from pigs which did not have any of the substrates to be tested as an ingredient of 
their diet. Table 1 shows the half-time (T½) of maximum gas production (a measure of 
fermentation kinetics) and the ratio of branched to straight-chain fatty acids (BCR) of various 
tested carbohydrates as substrates in vitro. 
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Table 1. T ½ (half-time for asymptote of gas production -h) during fermentation of some 
products and ratio of branched to straight-chain fatty acids (BCR) (Bauer et al., 
2001). 

Feed Ingredient T ½ (h) BCR 
Arabic Gum 24.5ab 0.079bc 

Guar Gum 16.4b 0.082c 
Xylan 29.5a 0.112b 
FOS 16.8b 0.062c 
TOS (Trans-galactooligosaccharide) 16.1 b 0.137b 
Sugarbeet pulp 15.1 b 0.094c 
Jerusalem artichoke inulin 22.9ab 0.127b 
Chicory inulin 21. 6ab O .14 3 
a,b,c Superscripts which differ in the same column are significantly different (P<0.05). 

The table shows that there can be large differences in the fermentability of different 
carbohydrates, both in terms of the rate of fermentation and also in the formation of end
products. 

From this it is thought that a stable supply of NSP throughout the last part of the GI tract may 
help to maintain a stable microbiota. A stable microbiota may help to stabilize the GIT of 
animals under stress, and thereby prevent disturbances in the GIT ( e.g. diarrhea) due to invasion 
by potential pathogens. In this, the use of prebiotics may resemble the effect of AMGP. In a 
further study at our laboratory diets were composed on the basis date in Table 1. One diet was 
composed to have a combination of two fermentable sources (SBP/FOS) and one a single source 
of fermentable carbohydrates (SBP). We hypothesized, that the combination of two carbohydrate 
sources may give a continuous fermentation. This may help to stabilize microbiota also in the 
case of climatic stress. This would then reduce the stress of the animal when exposed to cold 
conditions. The interaction of fermentable carbohydrates in the diet and the fermentative abilities 
of the GIT microbiota was investigated in pigs at thermo-neutral and cold conditions. In this 
study, animals were offered one of three diets immediately after weaning. The diets contained 
either a mixture of rapidly and slowly fermentable carbohydrates (mixture of SBP and FOS) or 
only a slowly fermentable carbohydrate (SBP), and these were compared with a control diet 
which was free of fermentable carbohydrates. Littermates were kept in groups at 24 °C and fed 
one of the three diets. Results are presented in Table 2. They show that heat production is 
affected by temperature of housing. Furthermore differences in heat production of pigs on 
different diets are larger at 15 compared to 24°C. Maintenance requirement was calculated by 
correcting for heat production associated with protein and lipid accretion. Data showed that 
maintenance is clearly increased at the low ambient temperature. Moreover, it showed that the 
difference in maintenance between diets within 15°C is much l~rger than within 24°C. The 
SBP/FOS diet gave the lowest values for maintenance (see Table 2) . 
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Table 2. Energy balance traits in kJ/kg0
·
75 metabolizable energy intake (ME), heat 

production (HProd) and maintenance requirement (MEM)-(Williams unpublished). 

Tem~erature °C Diet ME HProd MEM 

15 Control 1093 832 657 
SBP/FOS 1087 778 583 
SBP 1027 819 663 

24 Control 727 556 445 

SBP/FOS 899 598 419 

SBP 899 652 449 

As a test of changes in .microbial activity, a fecal inoculum was collected per rectum, after two 
weeks on a specific diet ( containing 0, 5 and 10% sugarbeet pulp) and subjected to the 
fermentation kinetics test of Williams et al. (2000). The fermentation test showed the gas 
production profile as shown in Figure 1. It can be seen that with increasing sugar beet pulp in 
the diet, the microbiota has adapted to the presence of SBP in the diet, and can ferment the 
substrate more rapidly in vitro. The time of absorption after intake of feed is different for 
nutrients which are available after digestion by animal enzymes compared to fermentation 
products. Also, pH is lower when fermentation takes place. In recent years, more attention is 
paid to fermentation in the GIT for monogastrics and companies may be more critical to what 
fermentable carbohydrates are used. For young animals, different fructo-oligosacharides are 
intensively tested. Awati (2005) showed that the microflora of piglets which did not receive 
fermentable carbohydrates can ferment these but at a slower rate than adapted microflora. 
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Figure 1. Cumulative gas production profiles of sugarbeet pulp fermented 
in vitro from pigs fed 0, 5 and 10% sugarbeet pulp in the diet. 
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For human diets, prebiotics must, by definition, be either non-digestible or at least only partly 
digestible. They are, however, fermentable and those tested have been mainly carbohydrates 
such as inulin, other NDO, lactulose and lactitol. There is no doubt that in human diets prebiotics 
can serve as a substrate to support the growth of specific strains of microorganisms of the 
intestinal microbiota. They have been shown to bring about "bifidogenic" effects, and a shift in 
microbial metabolism from "proteolytic" to the more favorable "saccharolytic" (Gibson and 
Roberfroid, 1995). The stimulated saccharolytic activities are associated with reduced formation 
of toxic substances, such as ammonia, hydrogen sulfide, indoles and secondary bile acids, as has 
been shown in studies of patients with liver disease, treated with lactulose or lactitol (Ballongue 
et al., 1997). Until now, results of studies on the beneficial effects of prebiotics in normal healthy 
humans have been disappointing, most likely because of the lack of validated non-invasive 
methods to study metabolic changes in the large intestine and in the composition of the colonic 
microbiota. Moreover, as indicated earlier, some NDO are fermented too rapidly to bring about 
substantial changes in fermentation in the terminal part of the large intestine. Most investigators 
have used feces to study the effects of dietary variables on the intestinal microbiota of humans 
and these results may not adequately reflect the changes occurring in the proximal part of the 
colon. Moreover, classical microbiological plating techniques lack the required sensitivity to 
detect the small but nutritionally relevant changes in the composition of the fecal micro biota. 

Some prebiotics in human diets, have fiber-like properties, including fecal bulking ( e.g. 
increased bacterial mass) and laxative effects. Lowering of blood cholesterol, which has been 
demonstrated in humans for highly methylated and viscous pectins, has not yet been 
demonstrated for NDO in humans (Alles, 1998). However, another aspect of the potential 
usefulness of oligosaccharides as prebiotics is an immuno-modulating effect. Indeed mannose 
oligosaccharides have been shown to agglutinate pathogens and to function as an alternative to at 
least part for the AMGP effect (Spring and Privulescu, 1998). Recent evidence has also indicated 
that certain complex carbohydrates in human milk, are not digested and may have protective 
properties due to their attachment to sites on the intestinal mucosa, thus preventing the adherence 
and colonization of pathogenic microorganisms in the intestine of breast-fed babies (Van Laere, 
1999). In a recent study at our lab, Awati (unpublished 2005) showed that there are 
oligosaccharides present in sows milk also. 

From studies in experimental animals, it has been known for some time that NDO and other 
fermentable carbohydrates can improve mineral absorption ( e.g. calcium and magnesium) 
probably by increasing their solubility in the intestine following microbial fermentation. 
Recently, Van den Heuvel et al. (1998) demonstrated the positive effect of 5 and 10 g lactulose 
on true calcium absorption in post-menopausal women. 

On the negative side, an excessive intake of NDO or other carbohydrates which are resistant to 
digestion, can lead to symptoms of intolerance. These are comparable to those of lactose 
intolerance which is seen in subjects with primary adult lactase deficiency, when they are 
exposed to intake levels of more than about 20 g of lactose per day. 

The real test of whether prebiotics can be used in practice is yet to be made, as it can be argued 
that normal diets should contain sufficient NDO without the need for any extra. A better 
knowledge of NDO, however, will probably lead to applications for specific NDO. Studies 

88 

-



specifically in the US have shown that MOS can improve growth and feed conversion ratio 
(FCR) in chickens. In order to exert their action on immunology it should be noted that this 
NDO needs to act before fermentation and/or has to escape fermentation. It is stated that MOS is 
not fermented and can prevent bacterial infection via a mechanism which is quite different to that 
of antibiotics. Spring ( 1996) indicated a 50% reduction in cecal salmonella contamination in 
chicks fed MOS. Future research may find that other (mannan) carbohydrates also function in a 
similar way and may lead to diets free of AMGP yet without much "loss" to production. There 
is a lot of interest in the effect of these compounds on immune response in nearly all small 
animal species. 

More recently Shim (2005) showed that a combination of prebiotics and one or more strains of 
probiotics may be even more beneficial for piglets than one of the two but this remains to be 
proven in more conditions and diets in practice. 

Organic Acids 

Partanen and Mroz ( 1999) published a review about the use of organic acids in feeds. The mode 
of action of organic acids is not related only to their energy contribution. These authors also 
suggested an improved protein digestion. In various European countries, acids are considered to 
be a new generation of growth promoters. Generally, it is accepted that a lowered pH in the 
stomach due to increased acid concentrations will result in increased enzyme activity. Also, 
depending on the pKa and acid chain length, bactericidal activity can also occur. 

Organic acids have been added to diets for several years. They have also been mentioned as 
alternatives for AMGB. According to KirchgeBner and Roth (1988) the mechanisms for the 
growth promoting effects of organic acids might include: 

• decreased gastric pH 

• improved pepsin activity 

• decreased bacterial growth 

• increased nutrient digestibility. 

These authors also suggest that effects are greater in diets low in essential amino acids and 
minerals. This further suggests that the gut wall could have a lower turnover, but the exact 
mechanisms for this are unknown. 

It is known that the acids have a preservative effect on feed, and they are thought to influence the 
GIT microbiota in two ways. Firstly, they can lead to a change in physical conditions, which are 
less appropriate for the growth of pathogenic species. Secondly, they may even be lethal for 
some specific pathogens. If these are the same microbes which are influenced by AMGP, then 
they could at least in part be an alternative for antibiotics. 

New developments may be expected with regard to acid mixtures, and/or with regard to 
protected acids which can then specifically exert their beneficial effect on microbiota at specific 
locations in the intestine. The beneficial effect would then be that the acids lead to changes in 
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physical conditions in specific places in the GIT (better digestion and reduced bacterial growth). 
A lot of research can be expected in relation to these aspects. 

A recent development is the use of pre-fermented feeds in liquid feeding of weaner piglets. 
However, particularly in the case of young piglets, some experiences have shown that pH of the 
feed must not be too low (not below 4.8). Intake is of particular importance in this regard. 
According to Anderson (personal communication), young piglets may refuse feed when the pH is 
below certain values. Investigations by Scholten et al. (1998) showed that there is variation 
between diets in time taken for the final pH in the diet to be reached. For piglet feed, the 
appropriate pH may be reached within a few hours. However, the final pH is not the same for 
different byproducts. Organic acids are generally used in many countries especially for piglets. 
For other species, such as poultry, trials with organic acids are being conducted. 

Enzymes and Modifiers of Level Microbial Activity 

In a recent review, Bedford and Schulze (1998) discussed the mode of action of exogenous 
enzymes for pigs and poultry. Until now, most broiler diets in Europe contain enzymes. In recent 
years the added enzymes are especially targeted for the feedstuffs given such as barley or wheat. 
In the Netherlands, phytases are used for nearly all pig and poultry diets. This proportion is likely 
to increase in the future. Many beneficial effects have been reported following the addition of 
enzymes to monogastric diets. The major effects are related to the increased amounts of nutrients 
which can be released from the diet, and which can be absorbed from the GIT. This effect of the 
enzymes is therefore centered on nutrient availability. However, there are also other secondary 
effects which are also important. It has been suggested ( see Bedford and Schulze, 1998) that the 
GIT will have to invest less energy to retain nutrients from feeds containing enzymes. This could 
lead to a reduced anti-nutritive activity which would therefore lead to reduced endogenous N 
losses in the GIT. 

It has also been suggested that enzymes, which act on the fibrous components of pig and poultry 
feeds, can reduce viscosity in the GIT. Feeds with high viscosity in the GIT gave a large 
response to enzyme supplementation. According to the review (Bedford and Schulze, 1998), cell 
wall components high in xylose and B-glucans form high molecular weight viscous aggregates in 
the GIT. This reduces the rate of passage, reduces diffusion of digestive enzymes, promotes 
endogenous enzyme losses, and stimulates bacterial proliferation. It appears that due to the 
slowed rate of passage, the time available for bacteria in the digesta to multiply prior to passage 
will increase. Combined with reduced rates of digestion by the host (Langhout, 1998) there will 
be more substrate available for microbial fermentation in the distal part of the small intestine. 
They propose that enzymes could be used to counteract this. However, Langhout ( 1998) showed 
that bacteria can increase the viscosity of diets containing fibrous components, given that in the 
case of germ-free animals, only a small or even no increased viscosity was found. Thus enzymes 
may modify or simulate a few of the actions of antibiotics in the small intestine. 

According to Bedford and Schulze (1998) the future will see an increase in the use of enzymes 
for use in both poultry and pig diets. Even in diets where they are not currently in use, there will 
be a potential for application of enzymes. The reason for this is that even for maize, 11-18% of 
the starch might remain undigested at the terminal ileum of poultry from 4-21 days of age. 
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Combined with microscopic analyses they demonstrated that improvements in ileal digestibility 
could be expected in the future for diets with added enzymes. 

Other Alternatives 

Many other possibilities are currently being investigated all over the world to find alternative 
processes or compounds which will mimic at least some of the mechanisms of antibiotics. For 
example, it has been shown that rats and chicks immunized against urease (Dang and Visek, 
1960) showed faster growth. So other possibilities of reducing urease activity may also show 
beneficial effects on growth. This was already proposed by Visek (1978) as a possible 
mechanism for the growth promoting effects of antibiotics. 

Numerous investigations have shown that fat digestibility can be impaired by including dietary 
components which increase microbial activity. Bacterial deconjugation and dehydroxylation of 
bile acids impairs lipid absorption of the host animals. In germ-free animals, there is an absence 
of microbial activity and the bile acids are therefore not deconjugated in the GIT of such animals 
(Anderson et al., 1999). Additional evidence also showed that bile acid deconjugation by the GIT 
bacteria may lead to growth depression and that the presence of antibiotics could reverse this. 
Other mechanisms which can lead to growth depression and which could be prevented by 
antibiotics, are related to toxin-producing microorganisms ( e.g. phenolic aromatic compounds). 

Recent developments in the optimization of GIT health include the use of essential oils, which 
are considered to improve performance. Aromatic oils from various plants (aniseed, rosemary, 
pepper, celery, etc.) have been suggested to be beneficial. It can be expected that research in 
these areas will increase, and could lead to identification of the specific mode of action of some 
of these components in the GIT. 

Another component being investigated is the use of conjugated linoleic acid. There are naturally 
occurring positional and geometric isomers of linoleic acid (e.g. 18:2) which may lead to 
differences in GIT metabolism, particularly in relation to the effect of linoleic and linolenic acids 
on the immune response (Sijben et al., 1999) of animals. If this mechanism is shown to be valid, 
it may have important implications for the improvement of GIT health. The use of herbal 
medicines is also being investigated as a potential alternative to antibiotics for the optimization 
of GIT health. Anderson et al. ( 1999) has stated that some of their effects for example, may be 
anti-fungal, and/ or anti-oxidant. 

In human nutrition, there is also a clear focus on the effect of dietary factors on GIT health. This 
appears not only from the current interest in both pre- and pro-biotics, but also from the interest 
being shown in other dietary factors that could promote the absorption and/or barrier function of 
the intestine. In terms of the barrier function, one may think of substances such as lactoferrin, 
lysozyme, immunoglobulins and other bioactive proteins which may stimulate immunity, or have 
anti-oxidative or anti-microbial properties. In terms of the absorption function, one may think of 
compounds that could enhance the absorption of micronutrients, including minerals ( e.g. iron, 
zinc and calcium) and vitamins (e.g. vitamin B12 and folic acid). 
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CONCLUSIONS 

The ban in Europe on the use of antibiotics (AMGP) as growth promoters in animal feeds has led 
to the need for alternatives. Some alternatives, which are promising as replacements for AMGP 
as 'growth promoter in the diet include: probiotics, organic acids, enzymes, herbs, phenolic 
aromatic components, and others. Especially in human nutrition, probiotic effects have been 
established as effective against diarrheal diseases, and for stimulation of the immune system. 
Similar effects have been shown in animals, though effects may vary depending on the diet and 
environmental conditions. Prebiotics belonging to the group of non-starch polysaccharides (NSP) 
are a variable group of carbohydrate compounds which can affect GIT fermentation and 
microbiology, the immune function and ultimately, GIT health. It still needs to be established 
which ones are most promising as alternatives to AMGP. Organic acids are already widely used, 
especially in pigs, for their effects on GIT health and performance. Enzymes however, are used 
now widely in poultry and increasingly in pig diets, though there is quite some potential for the 
future. In addition to an increased digestibility of nutrients they may lead to some effects which 
are similar to those of prebiotics. 

In the future, many compounds and processes are likely to be tested in order to find a range of 
alternatives as growth promoters. It will also be important that some fundamental research takes 
place to determine exactly why antibiotics in the diet have a growth promoting effect. 
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