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Introduction

The American Consortium for Small Ruminant Para-
site Control, drawing on various research findings,
has recommended sericea lespedeza (AU Grazer;
Lespedeza cuneata) as an alternative method for
managing gastrointestinal nematodes (worms) in
small ruminants. But what makes sericea lespedeza a
good option in an integrated parasite control pro-
gram? The answer is condensed tannins (CT).

When experts talk about lespedeza’s potential to re-
duce parasite infections in small ruminants, some
producers say “I have lespedeza in my pastures”, ex-
pecting the positive effects on parasite control. Yes,
they have lespedeza, but not all lespedezas are creat-
ed in the same way. Different varieties of lespedeza
vary in CT concentration, which will have an impact
on intake and parasite control. The lespedeza they
have in their pasture may not have the CT concentra-
tion and profile of AU Grazer, the main variety of seri-
cea lespedeza that has been tested. However, it has
been shown that other CT-rich plants can have an-
tiparasitic effects too. Additionally, some agro-
industrial byproducts used as feedstuffs can be a
source of CT.

Plants synthesize a vast range of organic compounds
classified as primary and secondary metabolites. Pri-
mary metabolites are compounds that have essential
roles associated with photosynthesis, respiration,
growth. and development. These include phytoster-
ols, acyl lipids, nucleotides, amino acids and organic
acids. Secondary metabolites, a structurally diverse
group of phytochemicals, play a key role in protecting
plants from herbivores and microbial infection, at-
tracting pollinators and seed-dispersing animals, act-
ing as allelopathic agents, providing ultraviolet pro-
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Tannins are the most abundant
secondary metabolites
synthesized by plants.

tection, and serving as signaling molecules for the
formation of nitrogen-fixing root nodules in legumes.
Secondary metabolites have been objects of interest
because of their use as dyes, fibers, glues, oils, wax-
es, flavoring agents, drugs, and perfumes. They are
viewed as having a potential role in the development
of new natural drugs, antibiotics, insecticides, and
herbicides.

The goal of this article is to enhance the understand-
ing of the role of CT in small ruminant diets. It pro-
vides a summary of their chemistry, their function in
plants, dietary sources, nutritional impacts, and their
effects on worms.



',

. ‘1 " <\ Timely Topics: Condensed tannins

-

L4 *

0 \

Chemistry and role for the plants

Tannins are the most abundant secondary metabo-
lites synthesized by plants. They are phenolic com-
pounds of high molecular weight . Hydrolysable tan-
nins (HT) and condensed tannins (CT) are the two
major classes of tannins that form an important de-
fense against herbivores. Very few studies have fo-
cused on the effects of HT on animal nutrition and
health. Normally, HT is associated with toxicity in
animals. Comparatively, there are numerous studies
on CT isolation and chemical structure determina-
tion, the interaction with proteins, and effects on
health, productivity, and the environment.

Condensed tannins exist in nature as diverse mix-
tures of oligomeric and polymeric substances con-
structed from a common set of building blocks called
flavan-3-ols. They are characterized based on hy-
droxylation pattern, stereochemistry, functional
groups, and interflavan-3-ol linkages. Most of the CT
occurring in forage plants are primarily composed of
the four flavan-3-ol subunits: catechin and epicate-
chin (procyanidin tannins) and gallocatechin and
epigallocatechin, which possess an additional hy-
droxyl group at C5 of the B-ring (prodelphinidin tan-
nins). However, taking into account the different pos-
sible flavan-3-ol subunits and the different possible
types of interflavan-3-ol linkages, CT have an ex-
tremely diverse set of structures.

CT analysis is not included in a routine feed analysis.
Cleary, improvements and standardization of analyti-
cal techniques are necessary. It is common in trials
testing CT-rich forages to not have CT analysis. Be-
sides, CT content data are not sufficient for accurate-
ly correlating biological activity.

Sources of condensed tannins in
small ruminant diets

Forage legumes are a major source of CT in small ru-
minant diets. Birdsfoot trefoil (Lotus corniculatus),
big trefoil (L. pedunculatus), sainfoin (Onobrychis vici-
ifolia) and sulla (Hedysarum coronarium) are temper-
ate plants associated with parasite reduction. Stud-
ies with tropical forage legumes rich in CT such as
sericea lespedeza have intensified in recent years.

Besides these various legume (Fabaceae) species,
many other plants containing CT from a wide range
of botanical families have also been examined for
their potential antiparasitic properties. For instance,
chicory (Cichorium intybus) from the Asteracea family
has also been tested for antiparasitic properties. A
small amount of data has been acquired on woody
plants from a range of botanical families, which are
better exploited when goats, and lesser extent sheep,
are browsing in tropical and temperate environ-
ments.

Other possible sources of CT in small ruminant diets
are numerous industrial byproducts (availability var-
ies by region). For instance, there is evidence of an-
tiparasitic effects of carob pods, bark from trees, and
spent coffee ground. The presence of CT in both ha-
zelnuts and chestnut peels helps to explain the bio-
logical activity and the potential antiparasitic proper-
ties of nut peels. Peanut skins supplementation of up
to 30 percent of the diet can improve average daily
gain and rumen fermentation while reducing gastro-
intestinal parasite infection in meat goats.

ainfoin Birdsfoot trefoil Sulla
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CT Impacts on Nutrition
In small ruminant nutrition, condensed tannins:

e Reduce ruminal digestion of plant protein

e Reduce rumen ammonia concentrations

e Reduce protein solubility

e Increase the proportion of plant protein reaching
the intestine

e Inhibit some rumen bacteria

e Reduce nitrogen digestibility

e Increase fecal nitrogen concentration

e Reduce urinary nitrogen output

e Slow or reduce the rate of amino absorption from
the intestine

e Reduce dietary dry matter able to be digested

e Lower the proportion of dietary energy loss to me-
thane.

In the past, CT were seen as detrimental to ruminant
nutrition, notably impacting dry matter intake. But, in
more recent years, the focus has switched to potential
positive effects, such as:

e Improved feed efficiency

e Increased live weight gain

e Increased reproductive efficiency
e Increased wool production

e Reduced impacts of parasitism

e Reduced nitrogen pollution

e Less methane emissions from rumen
fermentation

Dietary CT concentration and animal species are im-
portant factors to determine potential benefits or
detrimental effects. Goats can tolerate higher dietary
CT concentrations (~8 percent) than sheep (4 to 5
percent) without negative effects on intake. One ex-
planation is that goats have salivary tannin-binding
proteins, which minimizes the deleterious effects.
However, due to the chemical diversity of CT, future
studies should consider the source of CT due to varia-
tion in astringency (bitterness, pungency, and sour-
ness that causes reduced palatability), protein pre-
cipitation, and antiparasitic effect varies.

Effects on parasites

In goats, fecal egg counts (FEC) were reduced by 50
percent with CT containing forages (4.5 to 5.5 percent
CT) relative to non-CT-containing forages. When CT
concentration increased above 5.5 percent CT, the
responses became variable and when CT concentra-
tion decreased below 4.5 percent CT, the FEC re-
sponse was inconsistent.

The CT disrupt the life cycle of worms by reducing
egg viability and larval development. The CT forages
have direct effects on worms such as reducing egg
output and development of egg to larvae, inhibiting
first and second larval stages, inhibiting third-stage
larvae migration and larval exsheathment, and inhib-
iting the adult motility. The CT might also affect indi-
rectly the nematode biology by improving the host’s
immune response .

SEM of Haemonchus contortus showing structural changes induced by tannin rich (TR) materials In vitro assays and in

vivo studies, the scan-

In vitro exposure

Cuticle (Control) Cuticle (TR extract)

In vivo exposure

Buccal capsule (Control)

ning electron micros-
copy (SEM) observa-
tions revealed structur-
al alterationsin the
worms after contact
with CT-rich plants
when compared to the
control worms (i.e.,
longitudinal and trans-
versal folds and thicker

cuticular ridges, mate-
Buccal capsule (TR fodder)

Martinez-Ortiz-de-Montellano et al. (2013)
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rial aggregates around the buccal capsule and/or vul-
va or anus). The main changes concerned the cuticle
and the buccal area. The structural changes found in
the worms exposed to CT-rich plants might affect
their motility and nutrition with possible consequenc-
es on their reproduction.

Furthermore, CT could compete with nutrients and
directly inhibit nutrient supply for larval growth of
worms or indirectly decrease their metabolism
through inhibition of oxidative phosphorylation, ulti-
mately causing larval death.

Conclusion

The impact of condensed tannins on small ruminant
performance depends on the concentration in the
diet, bitterness of the feed, animals’ species, animals’
nutrient requirements, and other dietary compo-
nents. There are potential benefits of incorporating
condensed tannins into small ruminant diets, such as
improved animal health, reduced need for deworm-
ing , and more sustainable farming practices.

Sheep grazing sericea lespedeza
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Condensed tannins disrupt the life cycle of worms by
reducing egg viability and larval development.
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