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Priority Setting Discussion

 

Background

 

In northern Australia, and in many countries with similar tropical climates, the supply
of quality feed to support a high daily liveweight gain of younger domestic livestock is
not consistently available. The resulting poor nutritional status of the animals leads to
constraints in reproductive performance and animal health, with associated affects on
farmer livelihoods, especially in developing countries. The use of perennial, nitrogen
fixing shrub legumes offers an attractive alternative to traditional pasture as a means of
overcoming this shortfall in nutrient supply for livestock.

Protein supply to ruminants is the most common nutrient deficit encountered in
tropical regions, but although shrub legumes are protein rich (up to 28% w/w protein),
their digestibility is restricted by relatively high levels of endogenous tannins. Where
tannin levels do not exceed 5% dry weight, this can be an advantage in preventing bloat
and reducing rumen degradation of protein, thereby providing valuable rumen bypass
protein for the animal. However, where tannin levels are as high as 10–15% dry weight,
they have a significant anti-nutritional effect; overall digestibility is low, protein avail-
ability is greatly reduced, feed palatability is poor and digestive upsets in the animals
may occur. 

Previous work in Adelaide showed that feral goats were able to successfully browse
tannin-containing 

 

Acacia aneura

 

 without detrimental effects, and in fact to thrive on a
diet comprising mainly 

 

Acacia

 

. This work also showed that transfer of crude rumen
fluid from feral goats to domestic sheep was successful in allowing sheep to digest

 

Acacia

 

 without detrimental effects, and to recover liveweight gains previously lost
through under-nutrition. These results indicated that previously unknown micro-
organisms from feral goats were capable of resisting the toxic effects of tannins.

ACIAR-funded project ASI/1993/018 was established to investigate this phenomenon
further, with particular emphasis on developing the technology for the use of the shrub
legume, 

 

Calliandra calothrysus

 

 as livestock feed in Indonesia. Outcomes from this
project included the isolation and identification of 5 different bacterial species that were
resistant to, or could degrade hydrolysable and condensed tannin, the development of
procedures for analysing tannin composition in plant samples, the formulation of an
HPLC profile for tannins from different shrub legumes, the discovery that plant treat-
ment (drying) significantly effected tannin composition, the indication that tannins also
inhibit lower digestive tract functions in ruminants, the demonstration that co-feeding
with non tannin-containing plants could have positive effects, the impact of ‘Browse-
Plus’ on nutrition in tannin-fed sheep, and confirmation of increased animal production
following microbial transfers from tannin-adapted animals.

This project has therefore set the groundwork for the introduction of microbial
transfer technology to farming systems in developing countries where tannin-containing
plants may be utilised as livestock feed. Nevertheless, there are many gaps in our
knowledge and these need to be addressed before the technology can be used most
effectively. Some accessions of plants have high levels of tannins yet are highly
digestible (in nylon bag trials); tannin levels and profiles in plants seem to be affected
by environmental changes; tannins appear to accumulate differentially in specific
regions of the plant; assay procedures for tannins are ambiguous and often very mis-
leading in determining feed digestibility; tannins may have other as yet undescribed
effects on digestive tract structure and function; optimum mixtures of beneficial micro-
organisms need to be established; tannin-degrading genes need to be identified and
transferred between microbial species to enhance the nutritive value of tanniniferous
legume species.
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To answer some of these questions and to establish research priorities for the future in
this area, it was important to discuss these issues in a forum of experts who are familiar
with animal production problems in developing countries, have expertise in tannin
chemistry and analysis, are knowledgeable about microbial ecology in the rumen and
understand plant structure and function. Such a diverse range of experts are drawn from
the disciplines of microbiology, agronomy, animal production and wine chemistry. The
aim of this workshop was to bring them together for 3 days to discuss the above issues,
and to develop a set of priorities for future research on the use of tropical shrub legumes
in animal production. 

 

Objectives

 

1. Develop an understanding of the potential for tannin-containing plant resources to be
used as livestock feed.

2. Identify whether any microbes are able to degrade tannins under anaerobic conditions.
3. Further an understanding of tannin biosynthesis in plants and degradation in other

systems.
4. Progress knowledge of microbial degradation of tannins and tannin complexes in

animal digestive systems.
5. Develop an understanding of the chemistry and methodologies for analysis of total

tannins and tannin structure, so as to enhance knowledge of the biological activities
of tannins.

6. Review the current state of knowledge and establish research priorities for future
programs on the biological effects of tannins, with particular emphasis on animal
production in developing countries.

 

Purpose of the planning session

 

1. To summarise major outcomes from scientific sessions.
2. To determine the gaps in current knowledge relating to tannins in:

Livestock nutrition;
Chemistry and analysis;
Microbiology.

3. To establish what research programs are required to address these gaps.
4. To establish research priorities (H 

 

=

 

 high, M 

 

=

 

 medium, L 

 

=

 

 low) for:
Developing countries;
Scientific understanding.

5. To identify the constraints to achieving these research objectives.

 

Summary of Major Scientific Sessions

 

Tannins and their role in livestock nutrition

 

Tannins represent an extremely complex range of polyphenolic compounds that are
poorly understood in a number of different areas. In particular, species and age-specific
changes in tannin profiles occur, the role of environmental factors (e.g. heat, light,
water, predation) on tannin synthesis is little understood as is the biological impact of
tannins on livestock. 

Understanding structure/activity relationships of tannins is particularly important,
together with the development of new methods of quantitation that relate chemical
structures to biological activity. Potential interactions of tannins with other primary and
secondary plant compounds may be the key to understanding palatability and other
biofunctions. 

A more thorough understanding of these factors may then lead to the design of
specific reagents that may inactivate or reduce the inhibitory effects of tannins. These
include effects on microbial populations, digestive processes and the development of
pathological changes in the intestinal tract of ruminants and monogastric livestock. 
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Livestock studies

 

In livestock, the extent of the decline in apparent nitrogen (N) digestibility and the rise
in faecal N are reliable indicators of the extent of condensed tannin (CT) activity. How-
ever, in animals fed high N, high CT feeds, a depression in digestible crude protein
(DCP) does not readily explain N retention depression, and a lack of DCP response
shifts the focus of research towards post-ruminal effects of CTs. These questions point
to a need to have a greater understanding of the effect of tannins on both ruminal and
post-ruminal processes. Tannins in tropical forages are therefore a major problem, par-
ticularly in developing countries, with significant potential for improvement. At present
this is not being realised.

Recent research also suggests that N release in the rumen may be mediated predomi-
nantly by plant-derived rather than microbial proteases. The fact that tannins will be
more closely associated with plant rather than microbial protein points to a need to have
a greater understanding of protein N release in the rumen and the role of plant versus
microbial enzymes in mediating this reaction. Since a significant impact of CT is on the
metabolism of protein N, there is a pressing need for assay procedures that relate CT
levels to biological effects on N release and absorption. Assays may include in vitro N
digestibility or polyethylene glycol (PEG) binding. In dairy cows, low levels of CTs
improves milk output in late lactation. The mechanism is unclear but may be due to
extra metabolisable protein or altered amino acid absorption. Data on the effect of CTs
on the degradation of non-starch polysaccharides are unknown. In poultry diets in
China, sorghum containing CT of up to 0.6% is used but DMD is not a major problem.
At this level of supplementation, the focus is more on the role of tannins in reducing leg
and beak colour. However, at a level greater than 1.5% DM, CTs fed to ducks causes
endogenous protein wastage and inhibition of gastrointestinal enzyme activity. In
contrast, CTs may have more positive effects on livestock production through bloat pro-
tection, potential anthelmintic properties, or they may increase the animals resistance to
nematode infection.

 

Tannin biosynthesis and analysis

 

Quantitation of CTs in terms of rumen function is an interesting and important
parameter to measure. Tannin bioassays in vitro can be based on gas production as a
link with biological effects such as short chain fatty acid synthesis and microbial protein
synthesis, but other biological assays are needed. Detergent systems of fibre analysis
should be used with caution when characterising tannin-rich feeds. Enhancement of
feeding value through feed storage in the presence of urea and the use of slow release
PEG may be useful procedures, although the full biological effects of PEG are not yet
known. The distinction between free and bound tannins in legumes is also important,
and the protein binding assay is a useful link with the potential nutritive value of forage.

Analysis of grape seed and skin tannins has been carried out by mass spectrometry.
Modern methods used in the ionisation stage such as electrospray and matrix associated
light desorption ionisation (MALDI) have enabled the elucidation of polymorphic pro-
cyanidins in excess of eight monomers in size. However, other methods based on the
cleavage of interflavanic bonds (e.g. thiolysis) would be useful in determining CT com-
position of forages. The formation and development of pigments in red wine has shed
light on the mechanisms of tannin polymerisation although the intricate details are still
not clear. Information derived from these studies will have a significant impact on
future research of tannins in livestock forages.

The biosynthesis of proanthocyanidins in plants is an area of active research, particu-
larly genetic control mechanisms. Questions arising from this work relate to the syn-
thesis of epi-catechin, enzymatic control of condensation reactions and genetic
manipulation of proanthocyanidin structures. Little is known of the control of conden-
sation reactions, what directs plants to make specific types of tannins and how environ-
mental influences are communicated to the plant biosynthetic machinery. Reducing CT
levels in plants by genetic manipulation may be a strategy for the future. 
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Polyphenols in human health

 

Although there are links between flavonoid intake and protection against cardiovascular
disease and cancer, the evidence is not strong. There is little information on the bio-
availability and metabolism of tannins in humans, and more research is required.
Tannins are also likely to have effects on gut bacteria and the environment of the bowel,
which may be linked to short chain fatty acid synthesis and protection against cancer.

 

Tannins and rumen micro-organisms

 

Rumen micro-organisms can be selected for growth on tannins, and can degrade hydro-
lysable tannins, although little evidence is available to show degradation of the phenol
ring in condensed tannins. These are found in a wide range of animals that naturally
browse on tannin-containing feeds and it is likely that they contain a number of
organisms that express some degree of resistance to tannins. Organisms can be trans-
ferred between animals and can be used to enhance tannin resistance in browsing live-
stock. However, it is not clear whether micro-organisms can cleave the aromatic ring or
transform OH groups.

To answer these questions and to select for specific metabolic capabilities, defined
model compounds need to be developed. Micro-organisms also produce extracellular
polysaccharides in response to tannins but it is not clear whether this is a protective
mechanism or a non-specific response to the environment. Some organisms produce
esterases that degrade hydrolysable tannins, but it is not known whether other
mechanisms such as enzyme glycosylation exist. More information on microbial inter-
actions in the presence of tannins is necessary to understand and develop the potential
for microbial alleviation of tannins in tropical forages. Other effects of tannins on
micro-organisms include sequestering of trace elements and potential inhibition of
microbial functions.

Microbial ecology and phylogeny studies show that diverse populations of tannin
tolerant bacteria can be isolated from feral livestock and wildlife. However very little is
known of these organisms, their relationship with other rumen bacteria or their
mechanisms of tannin resistance. A greater understanding of this area may lead to the
development of appropriate inoculation strategies to improve livestock productivity on
tannin-containing forages. 

The manipulation of rumen microflora appears to be a promising approach if exotic
organisms can be isolated and do persist in the rumen. In the worldwide search for
micro-organisms capable of degrading tannins, rumen liquor from exotic sources are
being evaluated for their ability to digest tannin-containing feeds. Samples can be
digested both with and without PEG addition to measure the microbial tolerance to
tannin as well as the affect of tannins on irreversibly complexing components of the
feed such as protein. The estimation of digestibility could be under estimated because of
PEG absorbed onto the residue. The response to PEG addition can be used both to
identify regions/animal species where micro-organisms can be sought and also target
areas where suitable micro-organisms could be used. Where the response is low, micro-
organisms that are tolerant to or can degrade tannins could be present. Where the
response is high a need is identified for introducing exotic micro-organisms.

 

Research Planning and Priority Setting

 

Animal nutrition

Gaps in current knowledge

 

1. Appropriate methods for relating tannin concentrations to biological responses in 
livestock.

 

Existing methods for the chemical analysis of CTs yield values that do not correlate
with in vitro measurements of fibre digestibility. Rapid assay procedures that reflect the
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biological impact of tannins on livestock production are essential for the evaluation of
potential browse feeds, particularly in tropical environments.

 

2. Animal responses, including ruminal and post-ruminal effects to tannins in short-
term and long-term feeding trials including directly grazed and cut-and-carry forage.

 

The assumption has always been that tannins inhibit microbial action in the rumen
However, recent evidence suggests that this explanation is too restrictive and that
tannins effect post-ruminal digestive functions as well. It is also not known whether
long-term feeding of CT-containing forages will have detrimental effects on overall
digestive tract functions. This information is essential if tannin-containing forages are to
be recommended as alternate livestock feeds.

 

3. The development of integrated production systems using tannin containing forages.

 

Despite the potential benefits of tropical shrub legumes on livestock production,
information on appropriate plant species or accessions is patchy. This information is
required for each climatic region under consideration. It is important to incorporate such
feeding strategies into an integrated production system, taking into account climatic,
environmental and social factors.

 

4. Approaches towards amelioration of excessive tannins in forages by appropriate
browsing or supplemental feeding (co-feeding) strategies.

 

High levels of CTs are detrimental to livestock production. However, mixed grazing/
browsing has the potential to reduce total CT intake yet still retain the benefits of
tannins on protein flow to the small intestine. Optimum browsing and supplemental
feeding (co-feeding) strategies which involve high CT supplements mixed with low
quality roughage may achieve this. More information on interactions between high and
low CT forages in the rumen is essential.

 

Constraints to achieving research objectives.

 

1. The lack of a strong knowledge base in tannin structural chemistry and analytical
methods.

2. Difficulty and cost in establishing and maintaining tannin-containing tropical
forage resources for animal feeding trials in Australia and developing countries.

Research programs to address these gaps

 

Programs Priorities

Developing countries Scientific 
understanding

The development of integrated biologically relevant 
assays of tannin activity in the total diet. This would 
include PEG-binding, protein-binding, chicken 
bioassays or HPLC assays. Appropriate standards to 
calibrate the assays need to be developed for each type 
of forage being investigated. 

Investigation of the extent to which ruminal and post 
ruminal effects of tannins explains observed reductions 
in N balance for animals fed high CT diets.
In vivo evaluation of the potential nutritive value of 
tannin-containing forages.

Evaluation of economically feasible means of 
ameliorating high tannin contents of existing tannin-
containing forage stands by co-feeding strategies.

H

L
L (tropics)
H (temperate)

H (tropics)
L (temperate)

H

M
L
L

L
L
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Tannin chemistry and analysis

Gaps in current knowledge

 

1. Methods for the quantitative and qualitative analysis of condensed tannins in
forages. In particular, analyses need to be based on protein complexing reactions.

 

Analytical procedures that describe or measure the biological effect of tannins in
forages are not available. Current procedures give misleading values or yield poorly
correlating data.

 

2. The development of appropriate condensed tannin standards for each forage type
and the design of model compounds that can be used in microbial selection systems
and to assay for specific degradative enzyme activities. 

 

Using current techniques, when condensed tannin is purified, it may not be truly
representative of the condensed tannin in the forage, and may only comprise a small
fraction of the extracted material.

Assays of tannins in forages need appropriate standards to define the concentration
range of the assay. These are not available commercially, but are necessary to compare
results across groups and between different accessions. Extraction procedures and
assays need to take into account the fact that tannin structures may change as a con-
sequence of feed processing.

 

3. Structural features of complex tannins and structure/function relationships in bio-
logical systems.

 

Although tannin-protein interactions have been well described, the chemical basis of
these interactions are not clear. To evaluate the browse potential of forages, it will be
necessary to define the binding potential of endogenous tannins with feed, microbial
and animal protein, and to understand the variation in tannin structures across different
plant species, and in the same species under different environmental conditions. Defini-
tion of tannin profiles in browse species will help distinguish between potentially
beneficial and detrimental forages.

 

Constraints to achieving research objectives

 

1. The lack of standardised methods for the isolation of condensed tannins from
various forages.

2. Lack of modern research infrastructure in developing countries for the analysis of
tannins  extracted from indigenous forages.

3. Lack of a generally accepted model system to test tannin structure/function
relationships in  livestock.

Research programs to address these gaps

 

Programs Priorities

Developing countries Scientific 
understanding

Establish reliability of a raft of tests against 
tannins isolated from different sources.

Develop a range of standards to be used in assays for 
different forage types and model compounds for use in 
microbial selection and enzyme screening.

Dissect tannin structures, particularly complex
condensed tannins, and determine structure/function
relationships.

M

H

L

H

H

H
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Digestive microbiology

Gaps in current knowledge

 

1. The microbial biodiversity in the rumen, phylogenetic relationships between tannin
tolerant bacteria and culture methods for studying new microbial species.

 

A range of tannin tolerant bacteria have been isolated from various animals browsing
tannin-containing forages but it is not clear what impact these bacteria have on rumen
function, what interactions occur between them and what organisms are missed through
lack of appropriate culture methods. More organisms that degrade condensed tannins
are needed. To evaluate the true potential for microbial alleviation of tannins, we need
to understand these issues.

 

2. The availability of model substrates and assay methods to measure anaerobic
degradation  of CTs by bacteria.

 

Current bacterial selection procedures suffer from variable tannin sources and poorly
defined descriptions of tannin composition. Model compounds that mimic tannins and
which can serve as substrates for microbial degradation will greatly enhance our under-
standing of microbial reactions that mediate tannin tolerance in micro-organisms.

 

3. The potential for tannin modification (conjugation, glycosylation) by microbial
systems, interactions with secondary plant compounds and the effect of PEG on
microbial function.

 

The complexity of tannins is exacerbated by possible modifications or interactions
with other plant compounds. An understanding of these interactions will be necessary in
order to design appropriate control systems. 

 

4. The significance of tannin tolerant bacteria to rumen function in animals browsing
tannin-containing forages.

 

Despite the fact that several tannin tolerant and some tannin degrading bacteria have
been isolated from animals browsing tannin-rich forages, there is no evidence that these
bacteria contribute to the animals ability to utilise these feeds. More information is
needed on the role of these bacteria, their populations in the rumen and possible inter-
actions between them. Only then will microbial inoculations to overcome tannins be a
viable option.

 

5. Tannin interactions with gastrointestinal functions.

 

Recent evidence points to post-ruminal effects of tannins, including inhibition of
nutrient degradation and absorption. To alleviate CT effects or to select for appropriate
plant browse species, it is essential to understand how tannins effect gastrointestinal
tract function and to correlate tannin structures with inhibition of gut function.

 

Research programs to address these gaps

 

Programs Priorities

Developing countries Scientific 
understanding

Microbial biodiversity and phylogeny to understand 
interactions between tannin tolerant bacteria in the 
alleviation of tannins in the diet.

The development of functional assays for the isolation 
and identification of beneficial organisms.

Interactions of tannins with micro-organisms and 
mechanisms of tannin resistance.

The effect of tannins on gastrointestinal functions.

The effect of microbial inoculants on productivity in 
animals grazing tannin-containing forages.

M

H/M

L

M/L

L

H

H

H

H

L
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Constraints to achieving research objectives

 

1. Knowledge of tannin structure/function relationships and the development of
appropriate assay methodologies and standards.

2. Reproducible sources of tannins and model compounds for selection and enzyme
assays.

3. Environmental impact studies and biological diversity agreements between partner
countries.

 

J.D. Brooker
Animal Science,
University of Adelaide

 

Concluding Comments

 

Research on condensed tannins (CT) and animal nutrition has progressed markedly in
the past 20 years. In devising priorities for developing countries, it is useful to look first
at the conclusions of research in this area in temperate countries.

Research in New Zealand (NZ) has shown that the conclusions obtained with tem-
perate forages depend on the structure or type of CT as well as on the concentration.
The CT in 

 

Lotus corniculatus

 

 have given the best effects in animal nutrition, increasing
the absorption of essential amino acids from the small intestine and increasing wool
growth, lactation performance and reproductive performance in grazing sheep. In con-
trast, the CT in sulla appear to have the greatest action against gut nematodes. Legumes
such as 

 

Lotus corniculatus

 

 and sulla have persistency problems in mixed pastures and
have to be grazed as pure species on a small area of the farm. The key to success with
temperate forages is increasing the CT content of forages such as perennial ryegrass,
white clover, red clover and lucerne, which have widespread agricultural applications,
from approximately 1 g CT/kg DM to 5 g CT/kg DM or greater, mainly to control bloat.
Molecular techniques thus have great potential.

In contrastto temperate forages, the CT content of most tropical legumes (60–
150 g/kg DM) is far too high for optimum animal nutrition and needs to be diluted by
mixing these forages with greater quantities of non CT-containing feeds. The key here
will be getting effective transfer of CT from one feed to another (co-feeding), such that
the efficiency of protein digestion in the non CT-containing forage is improved in the
same way as shown for 

 

L. corniculatus

 

 in temperate forages.
At this workshop, we have heard about the exciting work of neutralising the effects of

high CT concentrations by transferring rumen fluid from ‘adapted’ animals to ‘non-
adapted’ animals. This must have considerable potential for practical exploitation, in the
same manner as the excellent work of Jones et al. (1986) has found application
throughout the tropics in transferring an inoculum of rumen micro-organisms to
counteract the toxic effects of the amino acid mimosine in Leucaena.

Some comment on the funding of CT related animal research is also required. Most
research in temperate countries has been done in NZ and in southern Australia, where
the range of CT-containing plants is small, highly skilled scientific groups have been
developed, and adequate funding mechanisms are available. In contrast, a much greater
range of CT-containing plants are available in the tropical developing countries, the
scientific skill base is less and funding of research is either difficult or impossible. To
adequately solve problems of CT in animal nutrition in developing countries will there-
fore require inputs of finance and scientific skills from developed countries, and the
development of joint programs involving scientists from both developed and developing
countries.

A comment in relation to human health: Using standard epidemiological studies,
Roger King showed that there was an established beneficial link between moderate
alcohol consumption and the incidence of coronary heart disease (CHD), but a weak
link between flavonoid intake and protection against CHD. One of the problems here is
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that alcohol only occurs in beverages, at relatively high concentrations, and the
consumption must therefore be easy to measure. In contrast, flavonoids occur in low
concentrations across a range of foods, including vegetables, fruit skins and red wine in
relatively low concentration. Against this background, it is perhaps not surprising that
beneficial effects of consuming flavonoids in red wine are difficult to quantify using
epidemiological studies. Perhaps longer term controlled nutritional studies are needed,
where the effects of the alcohol consumption in red wine can be separated from the
effects of flavonoids. Such studies may be difficult to design, but would be most
enjoyable for the people participating.

Finally, a comment about the continued need for basic scientific research, aimed at
generating new knowledge. One of the aims of this Workshop is the solving of
problems of applied animal nutrition in developing countries. I have always believed
that progress in applied research will be as good as the basic research that underpins it.
In this case, basic research means developing a knowledge of the structure of a range of
CTs and a knowledge of their reversible reactivity with proteins, especially in both the
rumen and small intestine. Progress in the CT field is going to depend on continued
funding of basic science, as well as of the more applied nutritional work.

 

T.N. Barry
Institute of Food, Nutrition and Human Health
Massey University
New Zealand
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The Tannins — An Overview

 

P.G. Waterman

 

1

 

C

 

ONFRONTED

 

 with the task of presenting an overview of the current state of our
knowledge of tannins and their importance, both commercial and ecological, it is
difficult to know quite where to start. For example, when we refer to something as
‘a tannin’ are we all meaning the same thing? In my old laboratory, we always worked
to a rather simple ‘operational’ definition (Mole and Waterman 1987) which labelled
them as ‘water-soluble phenolic natural products that can precipitate proteins from
aqueous solution’. Note the definition states ‘can’ and does not imply that such a pre-
cipitation ‘must’ occur and many examples are now present in the literature that demon-
strate how protein precipitation can be prevented or reversed.

To a leather chemist, it is the binding of tannin to protein that assumes critical
importance, while, to a viniculturist, it is their astringency and the taste perception they
impart that is the focus. As pointed out by Haslam (1989), astringency can be produced
by small phenolics incapable of binding with proteins in a manner that will lead to pre-
cipitation, and which is therefore completely at odds with the view of the leather
chemist. The animal nutrition scientist will be primarily concerned with the anti-
nutritional properties, how their presence in the diet impacts on growth and well-being
and how to minimise deleterious effects through diet selection or pre-treatment of food-
stuffs. For the agronomist, the beneficial growth rates and yield that can be gained from
selecting for low tannin varieties have to be balanced against a higher susceptibility to
pests and pathogens. In the case of food and beverage plants, account has to be taken of
the impact that tannin concentration and structure have on the taste and visual per-
ception of the product. Those interested in human nutrition and health have to weigh up
their potential anti-oxidant activities against possible harmful effects. For the environ-
mental scientist, an understanding of the distribution of tannins and the levels of pro-
duction in different plant communities can have implications for the sustainable
population levels of herbivores and fresh-water habitats.

Whatever the specific interest, however, the problem of understanding the impact of
tannins will generally come back to a consideration, from one viewpoint or another, of
their interaction with proteins and polysaccharides and in particular with the potentially
irreversible binding between tannin and protein and how it can be circumvented. In the
remainder of this overview, I am going to deal with some of the areas which seem to me
to be critical for an understanding of the role of tannins and where further work is
needed.

 

The chemistry and biosynthesis of tannins

 

It might well seem that we know a great deal about the chemistry of tannins and,
indeed, in terms of the structures of the major types, this is true. We are well aware that
condensed tannins are flaven-3-ol oligomers carrying varying degrees of oxidation on
the A and C rings of each monomer and that the chirality of C-4, where linkage of
monomers occurs, and C-3 open up the possibilities for considerable structural
variability. Likewise, we know that the hydrolysable tannins are based on a hexose
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(usually glucose) linked to a number of gallic acid or modified gallic acid units. Less
well known are the phlorotannins, which are restricted in distribution to some algae,
notably marine.

What we still lack is sufficient knowledge, particularly where condensed tannins are
concerned, about the complement of tannins produced by a species. Does a species
always produce oligomers with the same stereochemistry based on monomers with the
same substitution pattern? We still lack the techniques to identify these rapidly, and
insufficient natural examples have been isolated and purified to allow structure-activity
relationship studies to define optimum chain length for biological effects (different
effects may be optimised at different molecular weights or stereochemistry).

Consequently, I would highlight the need to determine condensed tannin oligomer
profiles within target species and, assuming a mixture, to obtain sufficient of each to
explore their biological activity. The same issues are relevant for hydrolysable tannins
and for phlorotannins but because of their greater ubiquity in food and livestock feed
plants condensed tannins should get priority. Coupled with the need to further define
the structure of the metabolites produced is the need to better understand their bio-
synthesis. Here again the most pressing questions surround the condensed tannins and I
would identify two particular issues as I think it fair to assume we know the mode of
production of the monomer. The first of these is the origin of the precursor cinnamate
unit. While it certainly arises from the shikimate pathway, there has been considerable
speculation to the effect that some condensed tannin formation reflects a metabolic
shunt for the elimination of excess carbon in metabolic pools (Coley et al. 1985).
Irrespective of whether the interpretation of why it happens is correct, it is very clear
that extrinsic effects do impact on tannin production. The possibility that there is pro-
duction through both a basal (controlled) pathway and a separate overload pathway
(Waterman and Mole 1989) is still in need of exploration. The second issue is the
degree to which the chirality of the linkage and the extent of polymerisation of the
monomers is controlled. If this is defined and the gene(s) responsible located, then the
opportunities arise for selecting for particular condensed tannin sizes and shapes, and
the ramifications of being able to do this are considerable.

 

The tannin protein interaction

 

The complexation between tannin and protein is central to our interest in tannins. The
very obvious precipitation that occurred when tannins and proteins were mixed and the
critical nature of the formation of stable complexes resistant to microbial degradation in
the leather industry has lead to a view that complexation is irreversible. While this is true
under some circumstances, it is far from being always the case. In recent years, there has
been ample evidence that the interaction of tannin and protein is an event with a very
variable outcome and that complexation without precipitation or with reversible pre-
cipitation is not infrequent. For excellent short reviews of this, see Haslam (1989, 1998).

A particular tannin is now known to exhibit different affinities for different proteins
and the extent of that variation is considerable. Proteins with an open structure and those
rich in the amino acid proline appear to have a particularly high complexation coefficient
while glycoproteins, globular proteins and those of low molecular weight have low
affinities. The high proline content of the salivary proteins of some mammalian herbi-
vores has attracted attention as a possible pre-digestion process for the elimination of
anti-nutritive tannins (see, for example, Austin et al. 1989).

There is abundant evidence to confirm that the tannins produced by different species
or by the same species in different parts or at different times vary in their capability to
precipitate tannins. However, such experiments have generally been performed on
crude tannin mixtures and evidence as to the relative potency of pure tannins is less
easy to come by. What does exist suggests that different hydrolysable tannins do exhibit
structure-related protein precipitation profiles while, in condensed tannins, molecular
weight is important.
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The conditions under which complexation takes place has been shown to cause con-
siderable variation in the strength of that interaction. The solubility of the tannin in
water is a prime biological consideration that has rarely been taken into account.
Relative proportions of tannin and protein and tannin can lead to very different out-
comes as in many cases excess levels of protein will solubilise a precipitate and render
it insoluble again although it seems this may not be true for the proline-rich salivary
proteins (Luck et al. 1994). The pH of the system and the presence of solubilising
agents such as bile acids are able to modify the interaction between tannin and protein
to a considerable degree (Mole and Waterman 1985).

Our understanding in all of the above areas remains inadequate.

 

Environmental Effects on Tannin Production 
Within and Between Individuals

 

However much we improve our knowledge of the formation and function of tannins in
plants we are going to be left with the problem that production seems to depend to a
considerable extent on extrinsic factors, most notably soil conditions and light intensity.
The impact of light can be quite extraordinary at the intraplant level so that the foliage
in different parts of a shrub or tree can vary by several percentage points in its tannin
content (for examples see Waterman and Mole 1989). The underlying mechanisms by
which extrinsic factors, notably light, influence tannin levels has been speculated upon
but remains in need of hard experimental data performed under conditions where as
many as possible of the potential variables are controlled.

 

Analysing tannins in vitro

 

The in vitro analysis of tannins, both to obtain quantitative data on the level of com-
pounds present and qualitative or quantitative data on their capacity to interact with
proteins and other substances remains highly problematical. Some five years ago
(Waterman and Mole 1994), we examined all available chemical methods of analysis
and concluded they were inadequate for telling us about either the levels present or their
protein precipitating capacity. While biochemical methods, based on some measure of
the actual protein precipitation ability of the tannins in an extract, were more revealing,
here again artificial test-tube procedures were considerably divorced from reality and
still had many variables to be controlled.

I know of no developments in the past five years that reverse the opinion that we held
then. The methods available to us are, to put in bluntly, not really up to the job. I fear
this will continue to be the case but efforts to improve on methods for the rapid assess-
ment of biological activity of tannins in vitro remain an urgent requirement.

 

In vivo studies

 

In vivo studies have been carried out primarily with domestic livestock and insects.
Many of these studies have revealed that tannins have a net negative impact on per-
formance and well being but this has not uniformly been the case. Perhaps the most
clear-cut evidence has come from studies using poultry feeding on tannin containing
pulses. Studies on sheep and cattle have also generally shown a negative correlation
between performance and tannin intake but there are exceptions. Wild mammalian
herbivores have been far more variable in their responses to food selection experiments,
perhaps reflecting the potential value of having proline rich saliva. However, where the
comparisons have been made, fibre and lignification seem to be more important
variables in many cases. Likewise in insects conclusions vary from species to species
and there is evidence of adaptation to a high tannin diet in some insect and vertebrate
herbivores (Waterman and Mole 1989).

Certainly one of the most revealing and exciting areas for tannin research in the next
few years will be to explore in vivo activity using a chemically more defined starting
material.
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The Significance of Tannins in Tropical Animal Production

 

B.W. Norton

 

1

 

Abstract

 

Legume forages and fodder trees have a significant role in maintaining the quality and con-
tinuity of supply of feed for grazing animals in the tropics. A major limitation to feed quality is the
presence of secondary plant compounds, such as hydrolysable (HT) and condensed (CT) tannins,
which can depress feed intake and utilisation by animals in these areas. The following review
briefly describes the nature and occurrence of these compounds in tropical forage legumes and
fodder trees and outlines the beneficial and detrimental effects that tannins have on animal
metabolism and nutrition. Research on tannins and their action has resulted in techniques that
might be applied to overcome the toxic and other effects of tannins. These techniques are also
briefly described, and some recommendations made about future needs for research on tannins in
tropical feeds. It was concluded that little further progress could be made without a standardised
method for CT analysis and more detailed descriptions of the relationships between CT structure,
chemistry and biological activity. There is also a need to develop simple techniques to overcome
the detrimental effects of tannins. These may include the addition of supplements that inactivate
tannins, or microbial inoculates which render tannins inactive in the rumen.

 

A

 

NIMAL

 

 production systems in the tropics and sub-
tropics utilise a wide range of feedstuffs, varying
from grains, crop and industrial by-products to the
extensive use by grazing animals of available
grasses, legumes, shrubs and trees. 

The level of animal production achieved in any
one environment is generally related the quantity,
quality and continuity of supply of feed available
throughout the year, which, in turn, is related to rain-
fall, temperature, soil type and fertility. In any one
environment, farmers face the challenge of matching
available feed supplies with the animals’ needs
within a framework of a sustainable farming system. 

New technologies are being continually devised to
assist the farmers with these decisions, and new
sources of forages are being presented as one avenue
of development. New high-producing grasses are
replacing slow growing traditional varieties, and
exotic forage legumes, shrubs and fodder trees are
being promoted in some areas as more productive
sources of feed than indigenous varieties and species.

The maintenance of feed continuity depends on
both the quantity and quality of feed produced, and

in the tropics, forage legumes improve diet quality
by supplementing grasses with protein during the
growing season, while fodder trees provide protein
and energy supplements during the dry season. How-
ever, many tropical legumes contain secondary plant
compounds (SPCs) which may diminish their
potential value as high quality feeds, and there is an
increasing awareness that the effects of these com-
pounds on feed quality and animal production need
greater study.

The following paper broadly reviews the relation-
ship between SPC content, particularly tannins, of
tropical forage legumes and fodder trees, nutritive
value and effects on animal production systems in
the tropics and sub-tropics. This information is
intended to set the scene for this workshop on a more
detailed discussion of the value of tannins in animal
and human nutrition.

 

Plant secondary compounds and tannins

 

The occurrence and significance of SPCs in plants
has been the subject of a number of recent reviews
(Norton 1994; Kumar and D’Mello 1995; Lowry et
al. 1996; Foley et al. 1999). Phenolic compounds are
the largest single group of SPCs, and total phenolics
in plants can reach up to 40% dry matter (Reed
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1986; Tanner et al. 1990). In grasses, the major
phenolic is lignin that is bound to all plant cell walls,
and is a significant limiting factor in their digestion
in the rumen (Minson 1990). Lignin is also a limiting
factor in the digestion of legumes, but is bound
largely to the vascular tissue (Wilson 1993), with
often high concentrations of other free and bound
phenolic compounds (phenolic acids, coumarins and
flavonoids) in floral, leaf and seed tissue (McLeod
1974). 

Plant tannins are a distinctive group of poly-
phenolic polymers of relatively high molecular
weight (MW 

 

=

 

 1000–20 000) which have the
capacity to form complexes with carbohydrates and
proteins. These tannins may be further categorised as
hydrolysable tannins (HTs) or condensed tannins
(CTs) on the basis of their structure and reactivity.
HTs are relatively rare in nature, are of low MW
(500–3000) and are cleaved under enzymatic or acid
conditions to a monosaccharide and either gallic acid
(gallotannins) or ellagic acid (ellagitannins). CTs
have no carbohydrate core and are polymers of
flavanoid units (polyhydroxyflavan-3-ol units) of
varying composition and MW (1900–28 000) (Jones
et al. 1976, Foo et al. 1982). Hydrolytic cleavage of
CT yields anthocyanidins, and for this reason are
now commonly described as proanthocyanidins
(PAC) or more broadly as polyflavonoids. Although
procyanidin and prodelphinidin are commonly found
as the major repeating PAC units of condensed
tannins, a further eight compounds may be found in
tannins from different plant sources. Variation in
both PAC type and polymer chain length is respon-
sible for differences in biological activity and
reactivity.

In the living plant cells, both HT and CT
molecules are isolated within the cell in vaculoles,
and believed to be only released into the cytoplasm
when cell damage or death occurs. It is now recog-
nised that CT may occur in either a ‘free (soluble)’
or a bound form to either protein or cell-wall carbo-
hydrate, and that only the soluble CT depresses in
vitro protein and fibre digestibility (Rittner and Reed
1992). 

Research on the nutritional and metabolic signifi-
cance of CT has been limited by a poor under-
standing of the relationship between biological
reactivity and CT chemical structure and com-
position. This situation is partly due to the wide
variety and complex nature of these molecules, but is
further confused by the range of extraction methods
and different qualitative and quantitative colori-
metric techniques based on a number of different
standards and precipitation and gravimetric methods
by which CT concentrations are measured in plant
tissues. For example, while it is now recognised that

the Folin-Ciocalteau reagent is more specific for
phenolic compounds than is the Folin-Denis reagent,
it does not discriminate between free phenols and
HT, and does not react with phenols in CT.

Similarly, the vanillin/HCl method developed by
Broadhurst and Jones (1978) is specific for CT, but
absorbance intensifies as molecular size decreases,
and when monomeric catechin or tannic acid is used
as a standard, this method will overestimate CT
content. The method of Hagerman and Butler (1989)
adapted from the Butanol/HCl method of Bate-Smith
(1954), and using CT standards purified from the
plant under test, is now the preferred method of
analysis.

There is an urgent need for some standardisation
of techniques across laboratories and for further
research into the chemical character and biological
activities of the molecular species that aggregate to
form a plant CT.

 

Factors causing variation in plant tannin content

 

Secondary plant compounds are thought to be pro-
duced as defence mechanisms against tissue invasion
by micro-organisms (bacteria, fungi) and destruction
by herbivory (insects, birds, animals). The tannin
content of plants is affected by plant species, geno-
type and stage of growth, and may vary with plant
part (leaf, stem, inflorescence, seed), season of
growth and other specific environmental factors such
as temperature, rainfall, cutting and defoliation by
grazing herbivores including insects. Although a
detailed discussion of these factors is outside the
scope of this review, an understanding of these
influences on tannin content is essential for the
manipulation of tannins to maximise nutritive value
for animals. 

Further variation is caused by not only the dif-
ferent analytical techniques used, but also by the
methods of tissue preparation for analysis. For
example, drying calliandra leaf by heat decreased
both extractable and total CT content by 27% and
21% respectively, but increased the proportion of
tannin bound to protein and the cell wall from 2.4%
to 10.6% (Perez-Maldonado and Norton 1996a).
Similar observations have also been made with other
fodder trees, and for gliricidia, drying actually
reducing extractable CT to levels undetectable by the
vanillin-HCl and butanol-HCl tests (Ahn et al. 1989).
Although not measured in these studies, it is pre-
sumed that drying binds gliricidia tannins to cell
components, rendering it unavailable for reaction. As
will be discussed later, the binding of CT to plant
protein and cell walls can be used to manipulate the
effects that these tannins have on animal metabolism. 
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Tannins in tropical forage legumes

 

While the tannins of some temperate forage legumes,
such as 

 

Medicago

 

 spp., 

 

Lotus

 

 spp., 

 

Lespedeza
cuneata

 

 and 

 

Onobrychis viciifolia

 

 (sainfoin), have
been studied in some detail, less is known about
tropical forage legumes. Table 1 shows values for the
concentrations of protein, total phenolics and tannin
(where present) in the dry matter (DM) of some
tropical legumes. While entries from the Desmodium
genus are well represented in these data, there
appears to be no information available on phenolics
or tannin contents of many other common tropical
legumes such 

 

Arachis

 

 spp., 

 

Lablab purpureus

 

,

 

Lotononis bainseii

 

, 

 

Macroptilium atropurpureum

 

(siratro), 

 

Neonotonia wightii

 

 (Tineroo glycine),

 

Stylosanthes

 

 spp. or 

 

Trifolium semi-pilosum

 

 (Kenya
white clover). Skerman et al. (1988) have listed the
following tropical legumes as having compounds
other than tannins which have deleterious effects on
animals: 

 

Aeschynomene indica

 

 (unknown factor(s)),

 

Canavalia ensiformis

 

 (Canavanine), 

 

Macroptilium
lathyroides

 

 (alkaloids) and 

 

Indigofera spicata

 

(indospicine). 
Tropical legumes have been used as companion

plantings with tropical grasses in many tropical
areas, and are included to improve both the quality
of the diet provided to grazing animals in these
areas, and as a source of nitrogen for grass growth. It
is therefore surprising that tannins have not received
more attention as part of the quality evaluation of

these legumes as forages for grazing animals. How-
ever, it is worth noting that with the exception of two
genera of minor importance (clitoria, mimosa), the
tannin contents of the forage legumes surveyed were
generally low when compared with that found in
fodder tree leaves (see later), and less than that con-
sidered as inhibitory in temperate legume species
(Waghorn et al. 1990). 

 

Tannins in tropical fodder trees

 

Fodder trees and shrubs are probably the most
important source of high quality feed in tropical
animal production systems, and their role is likely to
expand as the demand for re-afforestation and sus-
tainable use of degraded grazing lands increases.
There is an extensive literature on a few tropical
fodder trees suited to tropical environments (

 

leu-
caena

 

, 

 

calliandra

 

, 

 

gliricidia

 

, 

 

albizia

 

, 

 

sesbania

 

 spp.),
and the effects of tannins on palatability, nutritive
value and production are now well documented
(Shelton et al. 1995; Evans 1996; Stewart et al. 1996;
Shelton et al. 1998).

These relationships have been best described in a
comprehensive study of all leucaena species (Dalzell
et al. 1998) and Table 2 shows some selected values
from these studies. As CT increased, there was a pro-
gressive reduction in in vitro digestibility of dry
matter (DM), but much larger decrease in in vivo
OM digestibility, when CT content exceeded 2.7%
DM or 11 g crude protein/g CT. The effects on N

 

nm 

 

=

 

 not measured, nd 

 

=

 

 not detected. 

 

1

 

tannins measured by pepsin precipitation using tannic acid standards (Hagerman and
Butler 1978). 

 

2

 

DMD 

 

=

 

 dry matter digestibility. 

 

3

 

tannins estimated with butanol/HCL (Perez-Maldonado and Norton 1996a).

 

4

 

values in italics are in vivo DMD (%).

 

Table 1. 

 

Some values for the concentrations (g/kg dry matter) of crude protein, total phenolics and tannin content and in
vitro digestibility of leaf from tropical forage legumes (from Lowry et al. 1992).

Species Crude protein Total phenolics Condensed tannins

 

1

 

In vitro DMD%

 

2

 

Contains tannins

 

Aeschynomene americana
Clitorea laurifolia
Desmodium heterophyllum
Desmodium intortum
Desmodium ovalifolium
Indigofera spicata
Mimosa pigra
Peuraria phaseoloides
Vigna hosei

 

210
150–180
130–140
110–245
153–230
170–210
210–230
160–190
190–240

16
84

34–39
nm
nm

12–26
90
9
7

8
20–60
17–26
32–34

 

3

 

83–194
6–10
80
3
4

70, 

 

64

 

4

 

—
—

36–45, 

 

64

 

51
—
40
—
—

 

No tannins

 

Calopogonium mucinoides
Centrosema pubescens
Chamaecrista rotundifolia
Desmodium triflorus

 

150–210
120–300
80–140

150–180

5
nm
nm
nd

nd
nd
nd
nd

63
54

 

56–64

 

—
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digestibility were even more marked, with digesti-
bility falling progressively as CT increased from the
lowest level in 

 

L. collinsii

 

. It may be concluded that
care needs to be taken interpreting the effects of tan-
nins from in vitro digestibilities since they signifi-
cantly underestimate the real (in vivo) effects.

Acacia species are widespread through the
tropical and sub-tropical areas of the world, and are
particularly important sources of fodder in low rain-
fall areas of Australia, Africa, Central and South
America. Many Australia acacias (and eucalypyts)
have proved to be useful introductions to forestry
programs in developing countries, but few of these
programs have considered how these trees might
fulfil a multi-purpose role as a source of feed as well
as wood. Table 3 shows values from the literature for
the chemical composition (protein, phenolics,
tannins) and nutritive value (digestibility) for some
tropical fodder trees with and without tannins.
Acacias form a large proportion of the fodder trees
used as feed, and are almost all characterised by high
contents of condensed tannins often associated with
low nutritive values. When compared with the
amount of research which has been completed on the
high quality tropical species (leucaena, gliricidia,
calliandra, sesbania), there is now an urgent need to
develop the significant potential of the acacia species
as sources of feed for grazing animals. An important
aspect of this research must be some definition of the
opportunities to improve the nutritive value of these
species by manipulation of tannin content and
metabolism by the animal.

The practical implications of the effects of tannins
in tropical legumes is best demonstrated by recent
grazing trials with cattle grazing different accessions/
species of leucaena (Jones et al. 1998). These trials
were conducted at four sites, Lansdown, North
Queensland (NQ), Kununurra, Western Australia

(WA), Munum, Papua-New Guinea (PNG) and
Masbate, Philippines, and used six different
accessions/species of leucaena. Live weight gains
were not related to edible forage yield or to damage
by psyllids, nor were they clearly related to the
varying tannin contents of the different species. 

 

The beneficial effects of tannins

 

Tannins in plants are thought to have a major role in
plant defence against invasion and herbivory. This
hypothesis has been recently explored by Mullen et
al. 1998 who investigated the relationship between
the tannin content and the resistance of 116 different
leucaena accessions to damage by the leucaena
psyllid, 

 

Heteropsylla cubana

 

. These workers found
that while variation between accessions in condensed
tannin content did account for 28% (r

 

2

 

 

 

=

 

 0.28) of the
variation found in resistance to psyllids, high tannin
varieties were not necessarily the most resistant (

 

L.
pulverulenta

 

 CT 

 

=

 

 159 g/kg DM, resistance score
moderately susceptible) nor were low tannin plants
the most susceptible (

 

L. collinsii

 

 subsp 

 

collinsii

 

,
lowest CT of all accessions (1 g/kg DM) but highly
resistant to psyllid damage). In this case, tannins
formed only part of the plant response to insect
attack, and tannin content alone is probably not a
useful measure of resistance to insect attack.

A major benefit of tannins in feed has been
thought to be the protection of plant proteins from
digestion in the rumen and their subsequent release
as protein available for digestion and utilisation by
the ruminant. Studies with 

 

Lotus

 

 spp of varying CT
content (2.2% and 5.5%) have confirmed that tannins
do protect dietary proteins from digestion in the
rumen, increase the flux of essential amino acids
(EAA) to small intestine, and at low CT concen-
trations, increase the apparent absorption of EAA in
the intestines (Waghorn 1990). However, at high CT

 

Table 2. 

 

Values for the range of concentrations in bound and total condensed tannins (TCT), ratios of crude protein to TCT
(g/g), in vitro digestibilities of dry matter (DMD) and the in vivo digestibilities of organic matter and nitrogen in sheep given
different leucaena species and accessions (from Dalzell et al. 1998; McNeill et al. 1998). 

Leucaena species/hybrid Condensed tannins
g/kg DM

Crude 
protein/

TCT
g/g

In vitro
DMD%

In vivo
digestibility (%)

Bound Total (TCT) Organic 
matter

Nitrogen

 

L. collinsii

 

 var. collinsii

 

L. leucocephala

 

 var. leucocephala

 

L. pallida

 

 

 

×

 

 

 

L. leucocephala 

 

(KX2)

 

L. diversifolia

 

 

 

×

 

 

 

L. leucocephala 

 

(KX3)

 

L. trichandra
L. pallida
L. diversifolia

 

0
5–12
5–12
6–18
2–31
8–16

11–38

1–1
17–37
30–73
42–91

4–226
50–171
57–185

370
11.2

6.0
5.2
2.5
3.4
2.2

68.9
63.3
61.9
61.9
61.8
59.9
58.8

58.8
60.1
—
—

42.3
48.2
—

80.5
66.4
—
—

37.8
37.5
—
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concentrations, the efficiency of EAA absorption
was significantly decreased from 78% to 63%, and it
is not clear whether the presence of tannins in either
diet resulted in a net gain in N retained or improved
animal productivity. Norton and Ahn (1997) have
shown that while the tannins of 

 

Calliandra calo-
thyrsus

 

 (2.5% to 3.7% CT) do also protect proteins
from digestion in the rumen, and increase the flow of
N to the small intestine, there was no net gain in N
retained. In this case, the efficiency of N absorption
from the small intestine was decreased from 55% to
50% when polyethylene glycol (PEG) was added to
the diet, suggesting that tannins interfered in some
way with absorption and possibly utilisation. Perez-
Maldonado and Norton (1996a) have reported

studies using 

 

Centrosema pubescens

 

, 

 

Desmodium
intortum

 

 and 

 

Calliandra calothyrsus

 

 as supplements
to low quality pangola grass (

 

Digitaria decumbens

 

),
and found that while tannins (0% to 2.3% in diet) did
decrease feed protein digestion in the rumen and
increase flow to the small intestines, again there was
no net gain in N retained (0.29–0.33 gN retained/g N
intake. In this case, there was no significant effect of
CT on post-ruminal N digestion which was more
efficient (69%) than that found for high CT calli-
andra. McNeill et al. 1998 have recently reviewed
similar evidence, and their conclusions support the
above findings that, contrary to popular opinion,
there is little evidence which supports a view that
tannins, even at low concentrations, improve the

 

1. Hagerman and Butler 1978 — tannic acid standards. 2. Broadhurst and Jones 1978 — vanillin-HCL — catechin standards.
3. Bate-Smith 1981 — Butanol-HCl —  tannic acid standard, tannic acid equivalents (g)/kg DM. 4. nd 

 

=

 

 not detected
5. nm 

 

=

 

 not measured. 6. No tannins detected in dried samples. 7. Dalzell et al. 1998 —  

 

L. pallida

 

 CT as standard.
8. CT standard.

 

Table 3. 

 

Mean values and ranges for the concentrations of crude protein, total phenolics and condensed tannins and for in
vivo (and in vitro in italics) digestibilities of dry matter from a selection of tannin-containing and tannin-free fodder tree
legumes. Sources of data are from Lowry et al. 1992 and those referenced in table footnote. 

Species Crude
protein

(N 

 

×

 

 6.25)

Total 
phenolics

Condensed tannins in vivo
DMD%*

Comments

Pepsin
Pcptn

 

1

 

vanillin-
HCl

 

2

 

Butanol-
HCl

 

3

 

Contains tannins

 

Acacia aneura
Acacia angustissima
Acacia auriculiformis
Acacia cyanophylla
Acacia nilotica
Acacia senegal
Acacia seyal
Acacia sieberiana
Acacia tortilis
Acacia villosa
Albizia chinensis
Albizia falcataria
Calliandra calothyrsus
Codariocalyx gyroides
Flemingia macrophylla
Gliricidia sepium
Leucaena 

 

spp

 

Prosopis juliflora
Prosopis cineraria
Prosopis tamarugo
Ziziphus nummularia

 

92–203
210–230
110–170
112–212
112–167
141–336
111–293
123–158
103–210
220–280
151–263

230
173–212
128–198

175
200–280
174–380
142–222
119–154

90–357
141

86
161

80–130
nm

 

5

 

?
nm
nm
nm
nm

120–130
7–68

50–60
30–90
82–120
34–118
24–46

9–92
nm
nm
nm
nm

—
—

11–83
40–70
79–90

4
2–4
37

40–61
6

10–22
22

40–90
—

130–190
0

7–40
—
—
105
—

31–44, 96
59–66

—
—
—
—
—
—
—
—

24–33
—

79–111
42–71

155
0–30

 

6

 

37–43
—
—
—
—

11–14
nd

 

4

 

—
—
—
—
—
—
—
—

12–15
—

15–21
26–28

—
0–17

 

6

 

1–262

 

7

 

—
105

 

8

 

—
130

44–63
—

 

40

 

51–53
69
nm
nm
54
54
nm
38
nm

 

35–48
39–44

9–36
68–74

 

63–68
nm
39
32

41–46

 

+

 

oxalates
—
—
—
—
—
—

 

+

 

HT
—
—
—
—

 

+

 

HT?
—
—

coumarins
mimosine

—
—

 

+

 

HT
—

 

No tannins

 

Albizia lebbek
Enterolobium cyclocarpum
Samanea saman
Sesbania grandiflora
Sesbania sesban
Tipuana tipu

 

181–240
168–250

240
206–348
152–263
200–260

22–24
0–10

16
9

25–30
22–198

0
0
0
0

—
—

nd
nd
nd
—
nd

0–42

nd
nd
nd
—
nd
nd

43–64

 

69
65

 

63,

 

67

 

65,

 

68

 

62–64

—
—
—

cyanogens
saponins

—
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nutritive value of tropical legume forages and fodder
trees. At best, there is no effect of CT on nutritive
value, at worst a decreased intake and efficiency of
feed utilisation. 

Apart from the direct effects of tannins on feed
intake and utilisation, other benefits have been
ascribed to presence of tannins in tropical legumes.
For example, sorghum is one of the few crops which
has tannin in the grain, and high tannin varieties
have been promoted in Africa as bird-resistant
sorghum. It has also been shown that cattle grazing
or supplemented with CT-containing temperate
forages do not suffer bloat, because tannins complex
the soluble plant proteins which were responsible for
the formation of the stable bloat foam (Jones and
Mangan 1977). Since bloat is seldom recorded on
tropical pastures, this benefit is rarely realised in the
tropics.

 

The detrimental effects of tannins

 

Tannins and toxicity

 

While hydrolysable and condensed tannins both
form reversible insoluble complexes with proteins,
CT are more widespread in plants, are more stable
and less susceptible to hydrolysis than HT. HT are
usually highly toxic to non-ruminants, but less toxic
to ruminants because they may be degraded by either
acid or enzymatic hydrolysis in the rumen, and
absorbed phenolics excreted in urine as glucuro-
nides. HT toxicity is usually associated with rates of
ingestion which exceed the rumen capacity for
degradation, and absorbed HT may cause liver and
kidney necrosis, jaundice, photo-sensitisation and
death in severe cases. The toxic effects of CT are
less well understood, but generally binding to plant
proteins and cell wall carbohydrates (Van Soest et al.
1986) decreases the digestibility of usually protein
and sometimes fibre. 

 

Tannins and palatability

 

The astringent nature of tannins has encouraged a
view that some animals deem high tannin plants
unpalatable which then discourages grazing and
favours plant survival. This hypothesis has been
recently challenged by Foley et al. 1999 and it seems
that astringency alone is not sufficient to explain
palatability and selectivity by grazing animals
(Provenza et al. 1990). Faint et al. (1998) have
reported studies which related the palatability of
leucaena accessions to plant composition. These
workers could find no relationship between palata-
bility and condensed tannin contents (or any other
component) of some 27 different leucaena accessions,
although some accessions (

 

L. leucocephala

 

, and

hybrids with 

 

L. pallida

 

) were clearly more palatable
than others (

 

L. pallida

 

). It was also noted that palata-
bility rankings varied with site, for example, 

 

L. diver-
sifolia

 

 appeared to be relative unpalatable when
grown in Queensland and the Philippines but highly
palatable when grown in Honduras. 

 

Tannins decrease digestibility

 

In studies with tropical forages, increasing levels of
CT in the diet (0%–2.3%) decreased N digestibility
but had no significant effect on either feed intake,
organic matter (OM) or neutral detergent fibre
(NDF) digestibility (Perez-Maldonado and Norton
1996a). Norton and Ahn (1997) have shown that
drying calliandra significantly decreased CT content
(3.7% to 2.5%), and when provided as a supplement
(30% diet) to pangola grass hay for sheep, fresh
(frozen) calliandra depressed the voluntary intake of
hay, decreased N, OM, NDF and acid detergent fibre
(ADF) digestibility. Similarly, increasing CT con-
tents of leucaena leaf (2%–14%) decrease in vitro
dry matter digestibility (IVDMD) of leaf material
(Wheeler et al. 1994), and decreases in vivo OM, N
digestibility and N retention in sheep given diets of
varying CT content (0.6%–6.5% CT). 

Tannins probably have their greatest effect on the
nutrition of animals in arid and semi-arid environ-
ments where Acacia species are a significant source
of supplemental and reserve feed. Mulga (

 

Acacia
aneura

 

) contains such high levels of tannins that the
availability of N and S from protein digestion in the
rumen is so restricted that sheep suffer N and S
deficiencies in the rumen, which limits feed intake
and productivity (Hoey et al. 1976; Pritchard et al.
1992). While some relief from these effects can be
afforded by additional supplements of N, P and S,
the daily application of 24 g PEG alone increased
DM intake by 78%, converted live-weight loss (

 

−

 

64
g/d) to gain (36 g/d) and resulted in an almost 3-fold
increase in the volumetric growth of wool. It is of
interest that while PEG supplementation increased N
digestibility (36.6% to 58.4%) there was no effect on
DM digestibility (49.7% to 48.8%) which suggests
that the tannins of mulga are having a specific effect
on intake, unrelated to the rates of feed digestion and
removal from the rumen. Similar effects of tannins
have been reported for a wide range of tropical
forages (Kumar 1992). 

 

Tannins and digestive enzymes

 

Tannins are also known to inhibit intestinal enzymes
in pigs, poultry and rats, and to also reduce the in
vitro activity of ruminal cellulase (Kumar and
D’Mello 1995) and urease (Benoit and Starkey
1968). Inhibition of celluloytic activity by tannins
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may explain the decrease in OM, NDF and ADF
digestibilities in the rumen of sheep given diets of
different CT content (Perez-Maldonado and Norton
1996a). Tannins also inhibit the degradation of
dietary protein in the rumen and decrease ruminal
ammonia concentrations, which may suggest an
inhibition of proteolytic enzymes in the rumen
(Norton and Ahn 1997). However, it is also possible
that tannins bound to plant proteins and fibre was the
primary cause of depressed protein and fibre
digestion in these sheep. There appears to no effect
of ingested tannins on the amounts or efficiency of
microbial synthesis in the rumen. There has also
been some reports that tannins, particularly tannic
acid (HT), causing gastro-enteritis and damage to the
gut wall in non-ruminants (Salunkhe et al. 1990) and
increasing endogenous losses of protein by either
reducing reabsorption or causing hyper-secretion
(Jansman et al. 1993). Although these specific
effects have not yet been reported in ruminants,
observations of increased faecal N excretion may be
related to increased endogenous losses. 

The presence of tannins in tropical legumes is also
probably important in alley cropping systems where
legumes are applied as a soil amendment. Under
these conditions, tannin containing tree legumes
have a slower and less effective short-term release of
plant nitrogen for crop growth than plants without
tannins (Gutteridge 1990). However, such slow
release characteristics may be beneficial for long
duration crops and pastures. 

 

Techniques for modifying the deleterious effects 
of tannins

 

Physiological mechanisms of adaptation to tannin

 

The previous studies all suggest that tannins
generally act as toxins and/or inhibitors of intake,
digestion and utilisation of feeds by animals and
food by humans. Although the relationship between
aversion to food, palatability and tannin content is
not clear, there are both physiological mechanisms in
animals and management techniques which may
modify the detrimental effects of tannins. Proline-
rich proteins (PRP) with a high affinity for CT have
been found in the saliva of deer, rodents, some mar-
supials and humans. It has been suggested that these
proteins protect these animals from the toxic effects
of tannins (Mehanso et al. 1987). However, PRP are
not found in the saliva of cattle, sheep or goats
(Perez-Maldonado et al. 1995), although there are
suggestions that goats produce an active tannase
enzyme (Begovic et al. 1978) and have a tannin-
resistant 

 

Streptococcus caprinus

 

 in their rumen
(Brooker et al. 1994). There is also recent evidence
that more than 60% of ingested CT is degraded (lost)

during transit through the digestive tract, but it not
clear what proportion of this loss is through micro-
bial action (Perez-Maldonado and Norton 1996b).
The microbial degradation of HT and CT tannins,
and the possibility that animals might be innoculated
with tannin metabolising micro-organisms to offset
toxicity, will be explored more fully by other papers
in these Proceedings. However, despite these
apparent microbial adaptations, there appear to be
few differences between sheep and goats in their
metabolism and utilisation of high tannin tropical
feeds (Perez-Maldonado and Norton 1996a).

 

Supplements and feed processing

 

A number of techniques have been used to
ameliorate the effects of tannins in legume and
sorghum grains and pods, with heating, drying,
soaking in water, acid, alkali (sodium hydroxide),
oxidising, urea or formaldehyde solutions, and the
application of selective binding agents such as poly-
vinyl-pyrrolidine (PVP), PEG and ferric salts, being
varingly successful. However, techniques relevant to
the feeding of high tannin forages are more limited,
and have been restricted to supplementation with
PEG, which is expensive, and with urea. Although it
seems unlikely that urea supplements are needed as
an additional N source for ruminants fed tropical
legumes and fodder tree leaves, there has, neverthe-
less, been responses found to urea supplemention in
animals given these diets (Karda et al. 1998). It has
been proposed that urea deactivates tannins (Russell
and Lolley 1989), and this method needs further
study as a possibly cheap and effective method of
overcoming the deleterious effects of tannins in
feeds. The drying of tropical forages also decreases
the apparent content and activity of CT tannins (Ahn
et al. 1989), and increases the digestibility of organic
matter, fibre and N and NB of sheep fed diets
supplemented with 

 

Calliandra calothyrsus

 

 leaf
(Norton and Ahn 1997).

An alternative approach has been to restrict the
intake of high tannin forages offered, and to supple-
ment with other grasses and legumes. This has the
effect of providing some dilution of the effects of
tannins and possible saturation of feed tannins with
proteins from the other feeds. Similarly, high tannin
tropical legumes can also be used in silages made
from tropical grasses, and is an effective way to
improve the quality of feed available to animals in
these areas (Tandraatmadja et al. 1993). It is also
clear from the now substantial collections of tropical
forage and fodder tree legumes that there is some
considerable variation in tannin content between
species and accessions (Dalzell et al. 1998)
providing the opportunity to select and breed highly
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productive low tannin varieties of high nutritive
value for future introduction into tropical farming
systems. 

 

Speculations and Directions for Future 
Research

 

There is an urgent need for a better characterisation
of chemical nature and biological activity of
phenolic compounds in plants with particular refer-
ence to the tannins. Some of the difficulties now
being encountered in the interpretation of the effects
of tannins on animal metabolism is associated with a
lack of understanding of how the chemical structure
of tannins relates to biological activity. Firstly, there
must be a clear differentiation between hydrolysable
and condensed tannins and their action, and all
tannin containing plants should be analysed for both.
It now recognised that the activity of CT depends on
whether it is in a free form, or bound to protein and/
or fibre, and that CT may occur in a number of
molecular forms of varying size and flavanol com-
position. It is possible that better understanding of
the tannin structure may help explain how some high
tannin feeds stimulate the secretion of growth-
hormone and have anthelminthic effects in animals.
There is also a need to more thoroughly explore
compounds like PEG which deactivate tannins and
promote better utilisation as a high quality feed. In
this context, a study of simple complexing agents
such as cheap analogues of PEG, ferric salts, clays
and urea as feed additives which might act with
saliva during eating and mastication to better
inactivate ingested tannins. There may also be sig-
nificant opportunities for developing microbial
inoculates which might modify, inhibit or destroy
tannin action in the rumen. The selection of forage
legumes and fodder trees for low tannin and high
nutritive value is another obvious course for future
action. 

One of the greatest opportunities arising from a
better understanding of how tannins limit nutritive
value is the prospect that we may be able to make
better use of some forage resources which are now
only of limited value to livestock farmers. For
example, mulga (

 

Acacia aneura

 

) is well adapted to
the arid zone of Australia, but it is little better than a
maintenance feed for sheep. The recognition that
tannins are limiting the quality of mulga as a feed,
and that there are techniques by which these limits
can be overcome, now provides a means by which
these scarce resources might be more efficienctly
used as a source of high quality feed for livestock. In
many arid areas, Acacia and Propopis species are
significant weeds of rangelands mainly because they
are not normally eaten by grazing animals. In

Australia, 

 

Acacia nilotica

 

 is rapidly becoming one of
the worst woody weeds in the arid zone, and in the
USA, mesquite (

 

Prosopis glandulosa

 

) dominates
large areas of rangeland in the south. If these species
were able to be rendered palatable by limiting the
effects of tannins, then a solution to both the feed
shortage and weed problem would be found. Many
Australian acacias have shown promise as new for-
estry species in developing countries, and it is pos-
sible that with some application of the accumulating
knowledge on tannins, that these trees may also have
value as sources of both wood and fodder. 
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Tannins in Feedstuffs used in the Diets of Pigs and Poultry 
in Australia
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Abstract

 

Grain sorghum has historically been high in condensed tannins. This has often restricted its
inclusion in the diets of pigs and poultry. Current Australian-grown cultivars are almost tannin
free. Some grain legumes, particularly faba beans and field peas, contain significant concentrations
of tannins but cultivars used in Australia, although high in tannins, do not appear to reduce the
performance of pigs and poultry. However, research in France found that with pigs the digestible
energy of Australian-grown peas was 1.7 MJ/kg less than a French cultivar. Cottonseed meal, a
potentially useful source of protein for livestock, is included in only very small amounts in diets of
non-ruminants because of high tannin (32 g/kg) levels in hulls and a phenolic compound, gossypol.
Rapeseed (or canola meal) contains significant levels of tannins (8.8 g/kg) and other phenolic com-
pounds such as sinapine. Some of these can be converted to trimethylamine which discolours the
yolk and taints brown-shelled eggs. But tannins in rapeseed meal do not seem to be responsible for
sub-optimum production of pigs and poultry observed when used in high amounts. The mode of
action of tannins is reviewed briefly. These may damage the mucosal lining of the digestive tract,
particularly of poultry. Tannins reduce the digestibility of proteins by complexing with them as
well as with some digestive enzymes, and to a lesser extent starch. Chickens appear to be affected
to a greater extent than pigs. It is suggested that they may be less sensitive to the astringent effect
of tannins because they have much fewer taste buds in their oral cavity.

 

T

 

HE

 

 

 

AIM

 

 of this paper is to identify feedstuffs that
may contain tannins and are used in the diets of pigs
and poultry in Australia. These are mainly grain
sorghum and some grain legume seeds, but also rape-
seed meal and cottonseed meal. A major difficulty in
any review of this subject is (i) terminology and
(ii) the variety of methods used to extract and then to
analyse tannins (Perez-Maldonado 1994). Although
there are two classes of tannins, hydrolysable tannins
and condensed tannins, the latter are far more impor-
tant in feedstuffs for pigs and poultry and are the only
ones considered here. Because of their adverse
effects in animal production, tannins may be classi-
fied as an anti-nutritional factor (ANF).

The poor acceptability of tannins by livestock has
been attributed to the astringent taste when tannins
bind with saliva proteins and mucous epithelium in
the mouth. Differences between pigs and poultry in

their tolerance for feedstuffs rich in tannins may be
due to the very few taste buds (24) in the mouth of
chickens compared to the high number (15 000) in
the mouth of pigs (Moran 1982).

 

Feedstuffs

 

Grain sorghum

 

In Australia, unlike in the United States, sorghum is
an important feed grain for pigs and poultry. About
1.3 million metric tonnes are used each year to feed
all livestock in Australia (Farrell 1997). Unlike
yellow maize, which contains xanthophyll (cryptox-
anthin and casotene), grain sorghum, wheat and
barley do not contain a pigment which produces a
yellow skin and yellow fat in poultry. There is there-
fore little interest in sorghum in those many
countries which produce pigs and poultry on ‘corn/
soybean’ diets. In these countries, particularly in the
US, there has been much less attention given to

 

1

 

School of Land and Food, The University of Queensland,
Brisbane Qld 4072 Australia

 

KEYWORDS: 

 

Tannins, Pigs, Poultry, Feedstuffs, Rapeseed meal, Grain sorghum, Anti-nutritional factors
(ANF)



 

25

 

sorghum breeding. It is well known that low-tannin
sorghums (white seeds) of less than 2.6 g tannin/kg
(Pour-Reza and Edriss 1997) are of similar nutritive
value to maize but they do vary substantially in their
protein content (Nyachoti et al. 1997). The function
of tannins in sorghum, as in many other seeds, is
thought to be to protect the seed from wild birds,
insects and against bacterial and fungal attack.
Tannins are deposited just underneath the seedcoat;
because birds may cause very high losses of seed,
the presence of tannins is seen as a way of protecting
the crop from bird predation and this is, up to a
point, desirable. Consequently, livestock do not also
accept the grain readily. However, it should be
recognised that the stringent taste and reduced
acceptability associated with high levels of tannin
will be diluted, depending on the level of inclusion
of sorghum in the formulated diet.

In Australia, plant breeding programs have paid
considerable attention to low-tannin cultivars. This
has been successful, and, without compromising
yield or grain quality, grain sorghum poses no
problems in the feeding of livestock (Willis 1992).

 

Grain legumes

 

Several of these seeds are used widely in pig and
poultry feeding in Australia (Pettersen and
Mackintosh 1994). Many contain tannins usually in
the seed coat (Table 1) and several other ANFs. Sweet
lupin is the most widely used grain legume with an
estimated 1.4 million metric tonnes (mt) in 1998–

1999 but contains relatively small concentrations of
tannins, averaging 3–4 g total tannin/kg. Because of
other ANFs associated with lupins which will depend
on variety, their inclusion in pig and poultry diets is
limited to not more than 100–300 g/kg (King 1990).

There is a large discrepancy between tannin
values shown in Tables 1 and those reported in a
survey by Pettersen and Mackintosh (1994) in that
much higher values are shown for all three legume
seeds in Table 1 (Perez-Maldonado et al. 1999).
Cultivars of faba beans and field peas which have
coloured flowers are usually high in tannins; those
with white flowers contain very little.

 

Rapeseed (canola) meal

 

Rapeseed is a rapidly expanding oil seed grown in
Australia. Annual production is expected to increase
by 93% in 1998–1999 to 1.7 million mt. There has
been little research on cultivars that are grown here.
Blair et al. (1983) gave tannin contents of several
Canadian canola (rapeseed low in ANF) seed and
rapeseed meal cultivars using a modified vanillin
method of analysis (Jansman 1993). Values ranged
from 1.7 to 4.3 g tannin/kg rapeseed meal to 2.3–
6.2 g/kg canola meal. This analysis gave a value of
8.8 g/kg (Table 1). The authors concluded that
tannins in these meals were of minor nutritional
significance in livestock production. Vapar and
Clandinin (1972) came to the same conclusion in
earlier studies with chickens. However, sinapine,
found in rapeseed meal, is a phenolic compound and

 

1

 

 Unknown cultivar

 

1

 

 Values with different superscript are significantly different (P<0.05)

 

Table 1. 

 

Tannin fractions of cottonseed and rapeseed meals and of commercial cultivars of chick peas, field peas and faba
beans grown in Australia (g/kg dry matter) (Perez-Maldonado et al. 1999).

Chick peas
(cv. Amethyst)

Field peas
(cv. Glenroy)

Faba beans
(cv. Fiord)

Cottonseed meal

 

1

 

Rapeseed meal

 

1

 

Free-tannins 5.1 16.9 11.7 6.4 2.0
Protein-bound 2.9 2.5 3.7 25.7 6.8
Fibre-bound 0.70 0.82 0.67 — —
Total 8.6 20.2 16.0 32.1 8.8

 

Table 2. 

 

Results of measurements made over 40 weeks on groups of 50 cages (2 birds/cage) on diets containing 250 g grain
legume/kg (Perez-Maldonado et al. 1999).

Treatments Hen-day egg 
production (%)

Egg weight
(g)

Egg mass
(g/d)

Food intake (g/d) Food conversion 
ratio

Chick peas 82.4 

 

ab

 

1

 

56.9 

 

a

 

46.7 

 

a

 

115.4 

 

bc

 

2.60 

 

a

 

Field peas 84.1 

 

a

 

55.9 

 

b

 

46.9 

 

a

 

116.3 

 

b

 

2.56 

 

a

 

Sweet lupins 84.0 

 

a

 

55.9 

 

b

 

46.8 

 

a

 

118.9 

 

a

 

2.64 

 

a

 

Faba beans 80.7 

 

b

 

53.7 

 

c

 

43.2 

 

b

 

113.3 

 

c

 

2.80 

 

b

 

LSD (P 

 

= 

 

0.05) 2.68 0.86 1.65 2.57 0.148
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although not a tannin it could be included as one in
some assay procedures. Sinapine can be hydrolysed
to trimethylamine by entereal bacterial enzymes; this
can discolour the yolk and cause off-flavours in eggs
from certain strains of laying hens, particularly those
producing brown-shelled eggs (Blair et al. 1983;
Brettschneider et al. 1995). These strains have lost
the ability to convert trimethylamine (TMA) to the
N-oxide. Fenwick et al. (1981) concluded that
tannins also play a key role in the inhibition of TMA
oxidase in hens fed rapeseed meal leading to off-
flavours in their eggs.

 

Cottonseed meal

 

Cottonseed meal has been the most abundant oilseed
meal produced in Australia. However, its nutritive
value is much lower than expected on the basis of
chemical analyses (Batterham 1993). Chemical com-
position varies widely because of different type of
process, processing conditions and cultivars.
Australian-produced cottonseed meal exceeds
0.5 million mt/year and contains up to 32 g total
tannin/kg (Table 1). Most of these are found in the
hulls which comprise 130–300 g/kg meal; they
contain 32–65 g tannins/kg; of these over 50% are
protein bound (Yu et al. 1993). Cottonseed kernel
contains no tannins.

 

Livestock Performance

 

Grain sorghum

 

Many years ago, McClymont and Duncan (1952)
demonstrated in Australia the toxic effects of grain
sorghum when fed to poultry. Connor et al. (1969)
showed depressed performance in crossbred
cockerels on diets with high (25 g/kg) compared to
low (1 g/kg) tannin sorghums. This depression was

alleviated in part by the addition of choline and
methionine. Their explanation was that the major
metabolite in urine was 4-0-methyl gallic acid and
that methionine and choline were methyly donors for
the 0-methylation. True digestibility of several
critical amino acids in high-tannin sorghums is about
20 percentage points lower than in low-tannin
sorghums (Anon. 1989).

 

Grain legumes

 

Faba beans have received more attention than any
other grain legume seed in relation to tannins.
Despite the high tannin level, values for the true
digestibility of critical amino acids in adult cockerels
was around 85% (Perez-Maldonado et al. 1999).
Thacker (1990a) summarised research undertaken
with starter pigs, growing-finishing pigs and
breeding stock. The high tannin cultivars adversely
affected palatability and hence intake, particularly in
young pigs. Upper levels of inclusion of faba beans
were 150 g, 200 g and 100 g/kg for starter, growing-
finishing and breeding sows respectively. For the
latter, faba beans at 170 g/kg reduced pigs born
alive, milk yield and composition (Thacker 1990a).
Because faba beans contain various ANFs such as
lectins and haemaglutinins, it is difficult to identify
the actual cause of negative effects on animal
production.

Despite their high tannin content (Table 1), field
peas have been used successfully in pig and poultry
diets, particularly in South Australia, for several
years. The early work of Davies (1984a, b) demon-
strated no adverse effects of Australian-grown peas
(cv. Early Dun) in the diets of growing finishing pigs
at 300 g/kg, although an upper limit of 150 g/kg is
recommended for starter pigs (Castell 1990).

The authors’ recent work (Perez-Maldonado et al.
1999; Farrell et al. 1999) with poultry has

 

1 

 

Corrected to dry matter

 

2

 

 Body weight

 

Table 3. 

 

The effect of grain legumes and pelleting temperature on liveweight gain, food intake, food conversion ratio (FCR),
intestinal viscosity, intestinal length, liver and pancreas weight, and excreta score in chickens (0–21d) of age (Farrell et al.
1999).

Treatment Weight
gain (g)

Food
intake (g)

FCR

 

1

 

Viscosity 
(cP)

Intestinal 
length 

(cm/100 gW)

 

2

 

Liver 
(g/100 gW)

Pancreas
(g/100 gW)

Excreta 
score

Field peas 673 

 

a

 

2

 

831 

 

a

 

1.24 

 

b

 

3.3 

 

c

 

14.7 

 

b

 

2.79 

 

ab

 

0.33 

 

b

 

0.57 

 

c

 

Faba beans 664 

 

a

 

816 

 

ab

 

1.24 

 

b

 

4.0 

 

b

 

15.0 

 

b

 

2.79 

 

ab

 

0.33 

 

b

 

0.77 

 

c

 

Lupins 645 

 

b

 

828 

 

a

 

1.29 

 

a

 

8.6 

 

a

 

15.9 

 

a

 

2.87 

 

a

 

0.34 

 

b

 

2.67 

 

a

 

Chick peas 630 c 812 

 

b

 

1.30 

 

a

 

4.1 

 

b

 

15.7 

 

a

 

2.74 

 

b

 

0.42 

 

a

 

1.60 

 

b

 

LSD (P

 

 = 

 

0.05) 14.8 15.5 0.022 0.64 0.57 0.116 0.016 0.302
Hot (90 °C) 660 

 

a

 

2

 

829 

 

a

 

1.27 5.1 15.2 2.81 0.358 1.46
Cold (65 °C) 646 

 

b

 

815 

 

b

 

1.26 4.9 15.5 2.79 0.355 1.34
LSD (P<0.05) 10.4 10.9 0.016 0.46 0.405 0.082 0.011 0.581
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demonstrated the usefulness of commercial cultivars
of faba beans and field peas in the diets of poultry.
The results of the layer experiment showed that
when four grain legumes were each included at 250
g/kg diet, only faba beans gave reduced hen-day egg
production, egg mass and egg size (Table 2). The
latter effects may be due to the presence of vicine
and convicine and not to tannins (Wiseman and Cole
1988). Field peas, on the other hand, gave excellent
production.

When these same grain legumes were included in
boiler poultry diets at 120–360 g/kg and birds grew
to 21 days of age, mean weight gain and some other
parameters on diets with either field peas or faba
beans were superior to chick peas and sometimes to
sweet lupins (Table 3). However, steam pelleting
improved (P<0.05) growth rate and feed conversion
ratio (FCR) for all four grain legumes compared to
cold pelleting. Interestingly, in the finisher period
(21–42 days), field peas did not give growth rates or
FCR as good as faba beans. There are several
examples in the literature of different European
cultivars of both field peas and faba beans with a
wide range of tannin and nutrient concentrations
which can depress livestock performance (Wiseman
and Cole 1988).

Carré and Conan (1989) reported high levels of
trysin inhibitor (TI) activity in peas which was
reduced by heat treatment. The authors concluded
that TI was not a major factor that could explain
variability in protein digestibility in poultry.

 

Rapeseed meal

 

There is limited research in Australia on rapeseed
meal and most of the research has been undertaken
in North America on canola meal cultivars which are
low in glucosinolotes and erucic acid. Starter pigs
given a choice discriminated against a diet with only
50 g canola meal/kg (Thacker 1990b). Aherne and
Baidoo (1991) presented data showing that young
pigs (12–20 kg) tended to have reduced feed intake
and growth rate at levels of 85 g canola meal/kg and
a significant depression at 170 g/kg. In older pigs
(50–100 kg), canola meal can replace completely
soybean meal in the diet and canola meal can be
used without restriction in the diets of breeding sows
(Thacker 1990b).

Recent studies in Thailand (Tangtaweeipat et al.
1998) showed that bodyweight gain was reduced in
broilers when canola meal was substituted for 75%
soybean meal in the diet. Egg production and egg
size were reduced in layers on diets with 12% canola
meal. It would seem therefore that poultry can
tolerate reasonable levels of recent cultivars of rape-
seed meal before performance is affected.

 

Cottonseed meal

 

In addition to tannins, cottonseed meal contains
gossypol. Some of this is in the free-form which is
toxic to pigs and poultry. Iron salts are an effective
way of binding free gossypol. Lipids extracted using
an expeller (screw press) process normally gives
meals low in free gossypol. When fed to broiler
chickens, up to 300 g cottonseed meal/kg can be
used, provided the correct apparent metabolisable
energy (AME) and digestible amino acid coefficients
are assigned to the meal and the free gossypol is
neutralised (Watkins et al. 1993, 1994).

Batterham (1993) gave a range of values for avail-
ability of lysine of only 0.27–0.30 with some other
important amino acids being poorly available in
growing pigs. Ileal digestibility of lysine was high
(0.58–0.72) indicating that much of the lysine was
absorbed but in an unavailable form (Batterham
1993). Lysine may have complexed with tannins or
with the phenolic compound, gossypol in the cotton-
seed meal, or with both. Lysine digestibility of
cottonseed meal is in only 0.55 in growing chickens
(Ravindran et al. 1998).

In diets for pigs, provided similar precautions are
taken, grower and finisher pigs can grow well on
diets limited to 80–111 g cottonseed meal/kg. For
breeding stock, around 70 g/kg gives reasonable
production (Tanskley 1990). For laying hens most
nutritionists are reluctant to include cottonseed meal
in formulations because gossypol can be transferred
to the yolk which may discolour it.

 

Mode of Action of Tannins

 

Tannins form soluble and insoluble and sometimes
irreversible complexes with proteins, digestive
enzymes and possibly starch in the digestive tract of
pigs and poultry. Sorghum tannins may bind and pre-
cipitate at least 12 times their own weight of protein
(Jansman 1993). Formation of these complexes
increases with molecular size of the tannins and
inhibit enzymatic breakdown of protein and can
increase endogenous amino acid loss. Results of in
vitro enzyme assays with tannins do not necessarily
mimic reactions in the digestive tract because of the
special conditions in vivo (Butler 1992). Tannins can
increase the size of the parotid glands, and damage
the mucosal lining of the gastro intestinal tract of
chickens, but to a lesser extent in the laboratory rat
(Oritz et al. 1994) and with much less evidence for
pigs. 

Studies on the effects of condensed tannins have
given equivocal results. For example, Lacassagne et
al. (1988) showed with poultry that starch digesti-
bility was much lower in faba bean cultivars low in
tannins than those high in tannins. Flores et al.
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(1994) concluded that there was a negative effect of
tannins on starch digestibility in 3-week old chickens
but the extent of the depression depended on the
quantity of tannin ingested. Jansman et al. (1993)
found with young pigs no difference in starch
digestibility on diets with faba beans of high and low
condensed tannin content. The authors concluded
that condensed tannins have a preference to complex
with proteins rather than carbohydrates. In chickens,
protein digestibility of tannin-free cultivars of faba
beans was more digestible (0.83) than in tannin-
containing (0.68) cultivars (Lacassagne et al. 1988).
Studies in France on imported Australian peas con-
taining high levels of tannins (3.6–3.9 g/kg) gave
1.7 MJ DE less than a low tannin French cultivar
when measured in pigs (Grosjean et al. 1991).

Yu et al. (1996a, b) demonstrated that the addition
of polyethylene glycol (PEG), which binds strongly
with tannins, to diets of pigs and rats containing
cottonseed hulls and casein, reversed with few
exceptions the depression in ileal amino acid digesti-
bility observed in diets with cottonseed hulls alone.

Butler (1992) suggested that increased faecal
protein observed on diets rich in tannins is due
largely to endogenous protein from the lining and
secretions of the digestive tract. However, Jansman
et al. (1994) have observed with pigs on diets high in
tannins a reduced activity of trypsin in ileal digesta
which was probably responsible for the lower
digestibility of protein (0.61 vs 0.73).

 

Conclusion

 

The cultivars of grain legumes currently used in the
Australian feed industry do not appear to have anti-
nutritional effects on livestock performance although
some cultivars are high in tannins (Table 1). Grain
sorghum, a widely used grain, poses no problems
since cultivars used here are low in tannins. Tannins
in rapeseed meal appear to be of minor importance
although there is little information on tannin content
of cultivars grown in Australia. The phenolic com-
pound sinapine, may be a problem in some layer
strains. High levels of cottonseed hulls in cottonseed
meal makes this feedstuff unattractive to the feed
industry although there is evidence that adding a
source of iron salts increases its usefulness. Clearly
reducing the hull content of the meal makes it more
attractive to the feed manufacturer.
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