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Abstract: The effects of condensed tannins (CTs) extracted from five species of plants on egg hatching and larval development of
Teladorsagia circumcincta (Stadelmann, 1894) (syn. Ostertagia circumcincta) were evaluated using in vitro bioassays. The extracts
of CTs were obtained from Lotus pedunculatus (LP), Lotus corniculatus (LC), Dorycnium pentaphyllum (DP), Dorycnium rectum
(DR) and Rumex obtusifolius (RO). The results of egg hatching assay showed that about 53%, 68%, 51%, 60% and 46% of the eggs
hatched when in vitro incubations contained 900 pg/ml of CTs from LP, LC, DP, DR and RO, respectively (P< 0.001 relative to
control incubation), while in control incubations (no CT added) 87% of the eggs hatched. In the larval development assay, develop-
ment was allowed to proceed for 7 days, by which time 89% of the hatched larvae in control wells (no CTs) had reached the infective
third stage (L3). In incubations containing 200 pg CT from LP, LC, DP, DR and RO/ml, about 8%, 15%, 14%, 8% and 4% of the
eggs attained full development to L3 larvae, respectively (P< 0.001 relative to control incubation). Only 1% of the eggs were able
to develop to L3 larvae in incubations containing 400 pg CT extracted from LC/ml, whilst in the incubations containing the same
concentration of other CTs the eggs were not able to develop to L3 larvae. It seems that CTs are not only slowing down the larval
development but also kill the undeveloped larvae. At 400 ng/ml, for example, CT from LP, LC, DP, DR and RO killed 67%, 48%,
68%, 93% and 91% of first-stage (L1) and second-stage (L2) larvae, respectively. This study shows that CTs are able to disrupt the

life cycle of nematodes.

Keywords: Teladorsagia circumcincta, egg hatching, larval development, condensed tannins

It is well established that gastrointestinal nematode
parasites decrease livestock production. At present, most
nematode parasite control is protective and based on the
regular use of anthelmintics (Vlassoff and McKenna
1994). Although the regular use of anthelmintics is effec-
tive in removing the existing worm burdens (Parkins and
Holmes 1989) and protects against serious disease and
mortality, it does not necessarily prevent the exposure of
animals to high levels of pasture contamination and hence
production losses can still occur if there is re-infection
between treatments with anthelmintics (Brunsdon 1980).
Thus the development of anthelmintic resistance and the
increasing concern about anthelmintic residue (Sangster
1999, Leathwick et al. 2001) highlight the need to find
alternative non-chemical parasite control strategies for
controlling internal parasites. One approach may be to
include plants that contain condensed tannins (CTs) into
the grazing rotation (Robertson et al. 1995) or use the CT
extracts as a drench.

CTs are polyphenolic compounds found in the leaves,
stems, buds, flowers and bark of many species in the plant

kingdom (Terrill et al. 1992). It is well known that in ru-
minants CTs can protect the dietary protein from microbi-
al degradation in the rumen and consequently increase the
proportion of dietary protein reaching the intestine (Wag-
horn et al. 1994) and high protein intakes have been asso-
ciated with increased immunocompetence in young sheep
(Coop and Holmes 1996). In addition, forages containing
CTs are able to reduce the negative effects of intestinal
nematodes upon reproductive performance in different ru-
minant species (Niezen et al. 1995, Robertson et al. 1995,
Marley et al. 2003, Min and Hart 2003).

Studies in New Zealand (Niezen et al. 1995, 1998,
Waghorn et al. 1994), United Kingdom (Athanasiadou et
al. 2000a, b, Marley et al. 2003), France (Paolini et al.
2003, Bahuaud et al. 2006) and United States (Min and
Hart 2003) have shown that some plant species that con-
tain CTs may reduce the degree of parasite infections
and improve sheep and goat performance. Although the
underlying mechanisms for such beneficial effects have
not been determined, both direct (Athanasiadou et al.
2000a, b) and indirect (Aerts et al. 1999, Waghorn and
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Molan 2001) effects of CTs on parasites in the gut were
suggested to be behind these effects.

As part of a programme in the discovery of potential
new anthelmintics from plant sources, extracts from sever-
al forage legumes and trees were tested against helminths
of sheep and deer (Molan et al. 2000a, b, 2002). These
studies have shown that CTs extracted from Lotus pedun-
culatus auct. (Fabales: Fabaceae), Lotus corniculatus L.
(Fabales: Fabaceae), Dorycnium pentaphyllum (L.) Ser.
(Fabales: Fabaceae), Dorycnium rectum Scop. (Fabales:
Fabaceae) and Rumex obtusifolius L. (Caryophyllales:
Polygonaceae) can inhibit egg hatching and larval devel-
opment of Trichostrongylus colubriformis (Giles, 1892)
under laboratory conditions.

The objective of the present study was to investigate
the inhibitory effects of CTs extracted from five plants,
L. pedunculatus (LP), L. corniculatus (LC), D. penta-
phyllum (DP), D. rectum (DR), and R. obtusifolius (RO),
on egg hatching and the larval development of the sheep
nematode, Teladorsagia circumcincta (Stadelmann,
1894) (syn. Ostertagia circumcincta) under laboratory
conditions.

MATERIALS AND METHODS

Experimental design. Three sets of experiments were con-
ducted. In the first experiment, the egg hatch assay was used to
evaluate effects of CT extracts (at 0, 50, 100, 200, 400, 600 and
900 pg/ml) from each of five plant species (LP, LC, DP, DR and
RO) on hatching of Teladorsagia circumcincta eggs in vitro.

In the second experiment, a larval development assay was
used to evaluate the effects of CTs extracted from the same for-
ages on the development of eggs to L3 larvae. Eggs were incu-
bated with a range of CT concentrations (0, 25, 50, 100, 200,
300, 400 and 500 pg/ml) from each of these five plant species in
culture medium for 7 days at 24°C.

The third set of experiments was conducted in order to evalu-
ate the effects of CTs on the viability of L1 and L2 larvae that
could not develop into L3 larvae after 7 days of incubation. The
proportion of dead larvae was calculated in incubations involv-
ing each CT.

Preparation of condensed tannins (CTs). The CT extracts
were prepared using the method of Jackson et al. (1996). The fro-
zen whole plants were extracted with acetone:water (70:30 v/v)
containing ascorbic acid (1 g/l) and washed five times with
methylene chloride to remove chlorophyll and lipids. The aque-
ous defatted crude extracts were freeze-dried and approximately
25 g of the material was redissolved in 150 ml of 1:1 methanol/
water (v/v). This material was placed on a column containing
200 ml of Sephadex LH-20 (Pharmacia, Uppsala, Sweden) and
washed with 2000 ml of 1:1 methanol/water before eluting the
CT with 200 ml of acetone:water (70:30 v/v). The CT extracts
were freeze-dried and stored at —20 °C.

Preparation of eggs. The eggs were collected from the fresh
faeces of lambs experimentally infected with Teladorsagia cir-
cumcincta. Eggs were recovered from about 50 g of faeces by
mixing 200 ml of water, after which the suspension was poured
through a Imm-mesh screen assisted by a gentle jet of water to
give about 2 1 of eluate. The eluate was progressively washed
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through sieves with 100 pm and then 20 um size which re-
tained the eggs. The eggs were washed off the 20-um sieves and
centrifuged at 3700 rpm for 7 min to precipitate the eggs. The
supernatant was discarded and the eggs were further cleaned
from organic debris by centrifugation in magnesium sulphate
(20%) for 7 min at 3700 rpm. The supernatant was then filtered
through 60-um sieve and the eggs were collected and washed
on a 20-um sieve after which they were transferred to graduated
tubes and allowed to settle. The supernatant was removed to re-
duce the volume to 15 ml and the number of eggs estimated in
ten 10 pl samples enabling the final volume of the suspension to
be adjusted to approximately 1500 eggs/ml for storage at 4 °C.

Egg hatch assay. A stock solution of CT was prepared by
dissolving CTs in distilled water, from which working solutions
were prepared by further dilution with distilled water. Twenty
microlitres of the working solutions were pipetted into each well
of 48-well tissue culture plates (Costar, Cambridge, MA) togeth-
er with a known number of eggs (about 100 eggs) and made up
to 2 ml with distilled water to give final concentrations ranging
from 50 pg to 900 pg CT/ml.

Assays were conducted in triplicate. Eggs in distilled water
alone were used as controls. The eggs were incubated at 24 °C
for 26 hours, and then a drop of aqueous iodine was added to
each well to kill the eggs and hatched larvae. The numbers of
eggs and hatched larvae were counted and then the percentage
of eggs hatched (number of L1 larvae/number of eggs in culture
x 100; Hubert and Kerboeuf 1984) was calculated.

Culture medium. The medium used to culture the parasite
from the egg to the third infective larval stage was similar to
that used by Hubert and Kerboeuf (1984) except that agar was
omitted. This modification was necessary because CT can bind
to any source of protein or carbohydrate so by omitting agar the
eggs and larvae will be the main targets for CTs. The culture
comprised an Escherichia coli suspension plus nutritive medi-
um and Amphotericin B. The E. coli suspension was prepared
by dissolving 15 mg lyophilised E. coli cells [strain W (ATCC)
9637, Sigma] in 100 ml of distilled water. The suspension was
sterilised by autoclaving. The nutritive medium prepared by dis-
solving one gram of yeast extract (Y-1000, Sigma) in 90 ml of
0.85% saline solution plus 10 ml of Earle’s balanced salt solu-
tion (E7510, Sigma). The growth medium was prepared by mix-
ing 3 ml of E. coli suspension, 3 ml of the nutritive medium and
180 pl of Amphotericin B (to inhibit the growth of fungi).

Larval development assay. The assays were carried out in
96-well microtitre plates as described by Molan et al. (2002).
Briefly, the assay involved mixing 40 pl of growth medium with
60 pl of egg suspension (containing approximately 100 eggs)
and a series of CT concentrations. Triplicate development as-
says were run for each concentration of CT (25, 50, 100, 150,
200, 300, 400 and 500 pg/ml) and three control wells contain-
ing eggs, growth medium but no CTs were included in each ex-
periment. After the addition of CTs, the plates were incubated at
24 °C for 7 days in a large covered glass petri dish sealed with
paraffin film to maintain a high relative humidity and prevent
the plates from drying out. At the end of incubation period the
plates were kept on ice to stop further development and the num-
bers of unhatched eggs, first-stage (L1), second-stage (L2) and
third-stage (L3) larvae (live and dead) were counted in each well
and the mean larval development was calculated as the number
of L3/number of eggs in culture x 100. All observations were
carried out using a binocular microscope at x40 magnification.
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The mean number of hatched larvae that subsequently died
was also calculated (number of dead larvae/number of total
number of larvae x 100) for each concentration and control in-
cubations. The movement and posture of the larvae were used as
the main criteria for the viability of larvae. If the larva does not
move within 30 seconds, it is considered dead. In addition, and
from our experience, the dead larvae assume straight postures
and become transparent.

Calculation of data and statistical analysis. The per cents of
egg hatching and the mean larval development were calculated
by expressing numbers hatched or developed as a percentage of
starting numbers. Results were expressed as the mean + S.E.M.
A t-test or one-way ANOVA, followed by Tukey’s test, was used
to detect statistical significance of differences between groups.
P<0.05 was considered to be statistically significant.

RESULTS

The results of the egg hatching assay are shown in
Fig. 1. In control wells (no CTs were added), 87% of the
eggs hatched. For all CTs, the number of eggs hatched
decreased significantly (P<0.05-0.001) with increasing
CT concentrations (R>=0.9304, 0.9049, 0.9042, 0.7856
and 0.8165 for LP, LC, DP, DR and RO, respectively).
At 200 pg/ml of CTs from LP, LC, DP, DR and RO, the
per cents of egg hatching were 72%, 78%, 73%, 70% and
66%, respectively while at 400 pg/ml they were 66%,
73%, 69%, 63% and 63%, respectively (P < 0.001 for
both concentrations and all the plants in comparison to
the control incubation). At 900 pg/ml, the hatching rate
was significantly (P<0.001) lower than that at 400 pg/ml
of CTs extracted from all forages and lower than that in
the control incubation (P<0.001).

In the larval development assay (Fig. 2), 89% of the
eggs in control wells (no CTs were added) were able to
attain full development to the third-stage larvae (L3).
Exposure of eggs to 25 pg/ml or higher of CTs from all
the tested plants resulted in a significant reduction in the
larval development of T. circumcincta. At 200 pg/ml of
CTs extracted from LP, LC, DP, DR and RO the per cents
of eggs attaining full development to L3 larvae were 8%,
15%, 14%, 8% and 4%, respectively (P<0.001 for all CTs
when compared with the control incubation). In the wells
containing 300 pg/ml of CT from LC, DP and DR, the
proportion of larval development was 5%, 4% and 3%,
respectively while at this concentration, CTs from LP and
RO inhibited the larval development totally. At 400 pg/ml,
CTs from all the sources completely inhibited the devel-
opment of eggs to L3 larvae.

The per cent of larvae that hatched and subsequently
died is shown in Fig. 3. The proportion of dead larvae was
calculated in order to get some information on the mode
of CT action and whether they kill the larvae or just slow
down the larval development.

At 200 pg/ml CT from LP, LC, DP, DR and RO killed
40%, 18%, 33%, 60% and 50% of the L1 and L2 larvae,
respectively after 7 days of incubation while at 400 pg/ml
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Fig. 1. The effect of condensed tannins (CTs) extracted from
Lotus pedunculatus (LP), Lotus corniculatus (LC), Dorycnium
rectum (DR), Dorycnium pentaphyllum (DP) and Rumex obtusi-
folius (RO) on the proportion of Teladorsagia circumcincta eggs
hatching in vitro. Each point represents the mean of triplicates
with the standard error of the mean (S.E.M.).

they killed 87%, 48%, 68%, 93% and 91% of L1 and L2
larvae, respectively. At 500 pg/ml, CT extracted from LP,
DP, DR and RO killed all the larvae while those extracted
from LC killed 92% of the larvae, respectively (Fig. 3).
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Fig. 2. The effect of condensed tannins (CTs) extracted from
Lotus pedunculatus (LP), Lotus corniculatus (LC), Dorycnium
rectum (DR), Dorycnium pentaphyllum (DP) and Rumex obtusi-
folius (RO) on the development of eggs of Teladorsagia circum-
cincta into infective larvae (L3) in vitro. Each point represents
the mean of triplicate incubations with S.E.M.

DISCUSSION

The principal finding of this study was that condensed
tannins extracted from LP, LC, DP, DR and RO had pro-
found activity (as measured by egg hatch and larval de-
velopment assays) against the eggs of Teladorsagia cir-
cumcincta in vitro when used in concentrations lower than
those recorded in the digesta of ruminants fed CT-contain-
ing forages. Although further work is needed to determine
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Fig. 3. The effect of condensed tannins (CTs) extracted from
Lotus pedunculatus (LP), Lotus corniculatus (LC), Dorycnium
rectum (DR), Dorycnium pentaphyllum (DP) and Rumex obtusi-
folius (RO) on the viability of the first-stage (L1) and the sec-
ond-stage (L2) larvae of Teladorsagia circumcincta developed
from eggs that were exposed to different concentrations of CTs
for 7 days. Each point represents the mean of triplicate incuba-
tions with S.E.M.

the effects in vivo, the results presented here may indicate
that the CTs have the ability to disrupt the life cycle of
nematodes by preventing the development of eggs into
the infective (L3) stage and this in turn could prevent or
reduce the contamination of the farms with the viable
eggs. The results of the present study may support the re-
sults of the studies that attributed the beneficial effects of
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CTs to a direct toxic effect on the parasites of ruminants.
Under in vivo conditions, Butter et al. (2000) found that
feeding a model CT, quebracho tannin, reduces the faecal
egg counts in lambs experimentally infected with Tricho-
strongylus colubriformis. Moreover, the administration of
Quebracho Extract, a commercially available extract rich
in condensed tannins, resulted in a 50% reduction in the
number of eggs and adult worms recovered from the small
intestine of sheep and in reduced fecundity of abomasal
nematodes in goats (Athanasiadou et al. 2000a, b, Atha-
nasiadou et al. 2001, Paolini et al. 2003).

Recently, Hoste et al. (2006) reported in their review
that some of the most convincing evidence supporting
arole for condensed tannins in affecting important nema-
tode biological processes has been obtained from analyti-
cal in vitro assays comparing the activity of specific bio-
chemical fractions obtained either from green tea (Molan
et al. 2004) or sainfoin (Barrau et al. 2005). With both
plants, the results confirmed that the antiparasitic activ-
ity, measured by the inhibition of larval migration (LMI),
was associated mainly with the fractions containing con-
densed tannins. Moreover, when flavan-3-ols and their
galloyl derivatives, which are the basic monomer units
of condensed tannins, were added to a 7. colubriformis
egg culture, they significantly inhibited hatching. Simi-
larly, the same compounds significantly affected larval
development and third-stage larval migration in a dose-
dependent manner (Molan et al. 2003).

Although the mechanisms by which CT inactivate
the eggs are not known, CTs may be able to inactivate
enzymes responsible for hatching process. The hatching
of nematode eggs is initiated by environmental stimuli
which lead to the release of so called ‘hatching enzymes’
(Sommerville and Rogers 1987), which include proteases,
lipases, chitinases, beta-glycosidases and leucine ami-
nopeptidases. Inhibition of some of these enzymes has
been shown to reduce the rate of egg hatch or even stop
the process completely (Rogers and Brooks 1977). Con-
densed tannins have been shown to inhibit endogenous
enzyme activities (Oh and Hoff 1986, Horigome et al.
1988).

The CTs added to the media containing eggs and the
other components of the medium (bacteria and yeast)
could therefore be swallowed by the hatching larvae, and/
or interact with the protein surface of eggs and L1 larvae
and/or interact with the bacterial cells and yeast (Molan
et al. 2002). If one or all of these hypotheses are correct,
it is suggested that interaction of CTs with bacterial cells
and yeast will result in formation of complexes which
are either precipitated and not consumed by the larvae or
swallowed by the larvae and cause damage to the mucosal
lining of the gastrointestinal tract of the larvae. Other pos-
sible mechanisms are that swallowing of free or bound
CTs may cause damage to the pharyngeal muscles and
prevent the larvae from feeding because the larvae were
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allowed to develop in the presence of an abundant supply
of bacteria and therefore did not have to forage for food.
This may explain the inhibition of the development of L1
to L3 larvae and also the high percentage of death among
the L1 larvae hatched from CT-treated eggs.

It has been reported that most anthelmintic drugs can
cause paralysis of the pharynx in nematodes (Grzywacz
1983, Avery and Horvitz 1990, Gill et al. 1995) and pre-
vent pharyngeal pumping, resulting in a closed oesopha-
gus. Although it is difficult to compare between CTs and
anthelmintic drugs, CTs may mimic this action of an-
thelmintics. These possibilities suggest that the CTs are
potentially able to affect the larvae both externally and
internally. Molan et al. (2000b) checked the viability of
the trapped larvae (exposed to CTs extracted from seven
forages) of 7. colubriformis that could not pass through
the sieves and found that 83—93% of the larvae were alive
but their movements were sluggish, suggesting partial pa-
ralysis. If CTs can cause paralysis to the body muscula-
ture (Molan et al. 2000b), then they could also paralyse
pharyngeal muscles. The unique character of CTs of be-
ing poorly absorbed from the small intestine (Clausen
et al. 1990, Robbins et al. 1991, Terrill et al. 1994) may
make the approach of the present study more practical
and consequently the eggs shed by the adult worms will
be exposed to the action of CTs throughout their devel-
opment. Furthermore, the concentrations of CTs used in
the present study (25-900 pg/ml) were much lower than
concentrations of CTs in the gut and faeces (Waghorn and
Molan 2001) of sheep after consumption of fresh CT-con-
taining forages. It is important to mention here that care
must be taken when extrapolating from in vitro to in vivo
conditions because some changes occur in CTs during di-
gestion (Terrill et al. 1994) and may reduce their impact
upon larval development so it is important to evaluate the
effects of CTs from different plants in parasitized rumi-
nants on egg hatching and larval development.

In comparison with the results of our previous study
(Molan et al. 2002), the eggs and L3 larvae of T. colu-
briformis seem to be more susceptible to the effects of
CTs than those of 7. circumcincta. This might be the re-
sult of differences in susceptibility among parasite species
or stages or to the location of the nematode in the body.
Similar differences have been observed in other in vitro
assays comparing the consequences of the same tannin-
rich extracts on a range of nematode species or stages
(Paolini et al. 2004). The exposure of the eggs of 7. cir-
cumcincta to acidic environment in the abomasums and
then to alkaline environment may make the eggshell more
rigid and consequently more resistant to the action of CTs.
Although the CTs used in the present study were extracted
from the same plants, the time of harvest and the chemical
composition of CTs should be taken in consideration in
this regard. Under in vivo conditions, however, Athanasia-
dou et al. (2000a, b) reported that when established adult



nematodes were exposed to condensed tannins in sheep,
areduction in worm fecundity and worm numbers was ob-
served for the intestinal nematodes, whereas no changes
were recorded for the abomasal nematodes. This may be
related to the fact that the abomasal species are exposed
to the negative effect of tannins for a shorter time than
the intestinal nematodes as evidenced by the finding of
Paolini et al. (2003), who found that when goats received
condensed tannins before being infected with third-stage
larvae, specific differences in activity have also been de-
scribed, with reductions in worm numbers of 33%, 70%,
and 66% for Haemonchus contortus, T. circumcincta and
T. colubriformis, respectively, when compared with un-
supplemented controls.

The differences in the activities of the CTs extracted
from the different plant species may be due to the struc-
tural variations. Forage CTs are polymers of flavan-3-ol
units with a considerable range of structural variation and
their biological properties depend on their structure in
terms of monomer units, their degree of polymerisation
and interflavanoid linkages (Foo et al. 1996, 1997). In all

REFERENCES

Molan, Faraj: Anthelmintic activity of condensed tannins

assays, CTs from Lotus corniculatus showed the lowest
activity in comparison with the CTs from other plants.
Aerts et al. (1999) reported that at certain concentrations,
CTs extracted from L. pedunculatus were more effective
at reducing the degradation of the plant protein (Rubisco)
than CTs from L. corniculatus when both plants were har-
vested and processed at the same time. In addition, the
tannins from L. pedunculatus contain a predominance of
prodelphinidin-type subunits (Foo et al. 1997); whereas,
the tannins from L. corniculatus have predominantly
procyanidin-type subunits (Foo et al. 1996). It has been
shown that the reactivity of CTs increases with increasing
prodelphinidin content (Jones et al. 1976).

In summary, the data obtained from these experiments
suggest that CTs from certain plants can inhibit some key
biological processes in 7. circumcincta. CTs may be use-
ful in blocking the nematode cycle of pasture contamina-
tion and larval development but these results need to be
confirmed under in vivo conditions using the CTs from
these plants as a drench.

AERTS R.J., McNaBB W.C., MoLAN A., BRanD A., Barry T.N.,
PETERS J.S. 1999: Condensed tannins from Lotus corniculatus
and Lotus pedunculatus exert different effects on the in vitro
rumen degradation of ribulose-1,5-bisphosphate carboxylase/
oxygenase (Rubisco) protein. J. Sci. Food Agric. 79: 79-85.

AtHANAsIADOU S., Kyriazakis 1., Jackson F., Coop R.L. 2000a:
Consequences of long-term feeding with condensed tannins
on sheep parasitised with Trichostrongylus colubriformis. Int.
J. Parasitol. 30: 1025-1033.

AtHANAsIADOU S., Kyriazakis 1., Jackson F., Coor R.L. 2000b:
Effects of short-term exposure to condensed tannins on adult
Trichostrongylus colubriformis. Vet. Rec. 146: 728-732.

AtnANAsiADOU S., Kyriazakis 1., Jackson F., Coor R.L. 2001:
Direct anthelmintic effects of condensed tannins towards dif-
ferent gastrointestinal nematodes of sheep: in vitro and in vivo
studies. Vet. Parasitol. 99: 205-219.

AvVERry L., HorviTz H.R. 1990: Effects of starvation and neuroac-
tive drugs on feeding in Caenorhabditis elegans. J. Exp. Zool.
64: 263-270.

Banuaup D., DE MoNTELLANO C.M.O., CHAUVEAU S., PREVOT
F., TorrEs-Acosta F., Fouraste 1., HosTe H. 2006: Effects
of four tanniferous plant extracts on the in vitro exsheathment
of third-stage larvae of parasitic nematodes. Parasitology 132:
545-554.

Barrau E., FABRE N., Fourask 1., Hoste H. 2005: Effect of bio-
active compounds from sainfoin (Onobrychis viciifolia Scop.)
on the in vitro larval migration of Haemonchus contortus: role
of tannins and flavonol glycosides. Parasitology 131: 531-538.

Brunspon R.V. 1980: Principles of helminth control. Vet. Parasi-
tol. 6: 185-215.

BurTer N.L., DawsoN J.M., WaAKELIN D., Burtery P.J. 2000:
Effect of dietary condensed tannins on gastrointestinal nema-
todes. J. Agric. Sci. 137: 461-4609.

CrausenN T.P., Provenza F.D., BurriTT E.A., REICHARDT P.B.,
BryanT J.P. 1990: Ecological implications of condensed tannin
structure: a case study. J. Chem. Ecol. 16: 2381-2392.

Coor R.L., HoLMmEs P.H. 1996: Nutrition and parasite interaction.
Int. J. Parasitol. 26: 951-962.

Foo L.Y., McNaBB W.C., WaGgHorN G.C., UrLyart M.J. 1997:
Proanthocyanidins from Lotus pedunculatus. Phytochemistry
45: 1689-1696.

Foo L.Y., NEwmaN R., WacHorN G.C., McNaBs W.C. 1996:
Proanthocyanidins from Lotus corniculatus. Phytochemistry
41: 617-621.

GiL J.H., REpwiN J.M., Van Wyk J.A., Lacey E. 1995: Aver-
mectin inhibition of larval development in Haemonchus con-
tortus — effects of ivermectin resistance. Int. J. Parasitol. 25:
463-470.

Grzywacz M. 1983: The swallowing of chemical compounds by
helminths. Acta Parasitol. Pol. 28: 357-368.

Horicome T., Kumar R., Okamoto K. 1988: Effects of con-
densed tannins prepared from leaves of fodder plants on diges-
tive enzymes in vitro and in the intestine of rats. Br. J. Nutr.
60: 275-285.

Hoste H., JacksoN F., ATHANASIADOU S., THAMSBORG S.M.,
Hoskin S.0. 2006: The effects of tannin-rich plants on para-
sitic nematodes in ruminants. Trends Parasitol. 22: 253-261.

Hugert J., KERBOEUF D. 1984: A new method for culture of lar-
vae used in diagnosis of ruminant gastrointestinal strongylosis:
comparison with faecal cultures. Can. J. Comp. Med. 48: 63-71.

Jackson F.S., McNaBB W.C., Barry T.N., Foo Y.L., PETERsS J.S.
1996: The condensed tannin content of a range of subtropical
and temperate forages and the reactivity of condensed tannin
with ribulose-1,5-bis-phosphate carboxylase (Rubisco) protein.
J. Sci. Food Agric. 72: 483—492.

Jones W.T., BroapHUrsT R.B., LyrtLETON J. 1976: The con-
densed tannins of pasture legume species. Phytochemistry 15:
1407-1409.

Leatuwick D., Pomroy W.E., HEATH A. 2001: Anthelmintic re-
sistance in New Zealand. N.Z. Vet. J. 49: 227-235.

MarLey C.L., Cook R., KEATINGE R., BARRETT J., LAMPKIN
N.H. 2003: The effect of birdfoot trefoil (Lotus corniculatus)

67



and chicory (Cichorium intybus) on parasite intensities and per-
formance of lambs naturally infected with helminth parasites.
Vet. Parasitol. 112: 147-155.

Min B.R., Hart S.P. 2003: Tannins for suppression of internal
parasites. J. Anim. Sci. 81: 102—109.

MoraN A.L., Hoskin S.O., Barry T.N., McNaBss W.C. 2000a:
The effect of condensed tannins extracted from four forages on
deer lungworm and gastrointestinal nematode larval viability.
Vet. Rec. 147: 44—48.

MoraN A.L., MEAGHER L.P., SPENCER P.A., SIVAKUMARAN S.
2003: Effect of flavan-3-ols on in vitro egg hatching, larval de-
velopment and viability of infective larvae of Trichostrongylus
colubriformis. Int. J. Parasitol. 33: 1691-1698.

MoraN A.L., SIVAKUMARAN S., MEAGHER L., LANE G., SPENCER
P. 2004: Green tea flavan-3-ols and oligomeric proanthocya-
nidins inhibit the motility of infective larvae of Teladorsagia
circumcincta and Trichostrongylus colubriformis in vitro. Res.
Vet. Sci. 77: 239-243.

Motran A L., WaGHorN G.C., MiN B.R., McNass W.C. 2000b:
The effect of condensed tannins from seven herbages on 7ri-
chostrongylus colubriformis larval migration in vitro. Folia
Parasitol. 47: 39—44.

MotraN A.L., WaGHORN G.C., McNaBB W.C. 2002: The impact of
condensed tannins on egg hatching and larval development of
Trichostrongylus colubriformis in vitro. Vet. Rec. 150: 65—69.

Niezen J.H., RoBerTsoN H.A., WacHorRN G.C., CHARLESTON
W.A.G. 1998: Production, faecal egg counts and worm burdens
of ewe lambs which grazed six contrasting forages. Vet. Para-
sitol. 80: 15-27.

Niezen J.H., WagHorn T.S., CHARLESTON W.A.G., WAGHORN
G.C. 1995: Growth and gastrointestinal nematode parasitism in
lambs grazing lucerne (Medicago sativa) or sulla (Hedysarum
coronarium) which contains condensed tannins. J. Agric. Sci.,
Camb., 125: 281-289.

Ou H.I., Horr J.E. 1986: Effect of condensed grape tannins on the
in vitro activity of digestive proteases and activation of their
zymogens. J. Food Sci. 51: 577-580.

Paorint V., FrRaYssINES A., DE La FArGE F., DorcHigs P., HoSTE
H. 2003: Effects of condensed tannins on established popula-
tions and on incoming larvae of Trichostrongylus colubriformis
and Teladorsagia circumcincta in goats. Vet. Res. 34: 331-339.

Received 31 July 2009

68

PaoriNt V., Fourase I., Hoste H. 2004: In vitro effects of three
woody plant and sainfoin extracts on 3rd-stage larvae and adult
worms of three gastrointestinal nematodes. Parasitology 129:
69-77.

Parkins J.J., Hormes P.H. 1989: Effects of gastrointestinal
helminth parasites on ruminant nutrition. Nutr. Res. Rev. 2:
227-246.

RosBiNs C.T., HAGERMAN A.E., AustiN P.J., McARrTHUR C.,
HanceEy T.A. 1991: Variation in mammalian physiological re-
sponses to a condensed tannin and its ecological implications.
J. Mammal. 72: 480—-486.

RoBerTsoN H.A., NiezeN J.H., WaGHORN G.C., CHARLESTON
W.A.G., JinLonG M. 1995: The effect of six herbages on live-
weight gain, wool growth and faecal egg count of parasitised
ewe lambs. Proc. N.Z. Soc. Anim. Prod. 55: 199-201.

RogGers W.P., Brooks F. 1977: The mechanism of hatching of egg
of Haemonchus contortus. Int. J. Parasitol. 7: 61-65.

SANGSTER N.C. 1999: Anthelmintics resistance: past, present and
future. Int. J. Parasitol. 29: 115-124.

SoMMERVILLE R.I., RoGErs W.P. 1987: The nature and action of
host signals. Adv. Parasitol. 26: 239-293.

TerriLL T.H., Rowan A.M., Doucras G.B., Barry T.N. 1992:
Determination of extractable and bound condensed tannin con-
centrations in forage plants, protein concentrate meals and ce-
real grains. J. Sci. Food Agric. 58: 321-329.

TerriLL T.H., WagHorN G.C., WooLey D.J., McNaBB W.C.,
Barry T.N. 1994: Assay and digestion of “C-labelled con-
densed tannin in the gastrointestinal tract of sheep. Br. J. Nutr.
72: 467-477.

ViassorF A., McKenna P.B. 1994: Nematode parasites of eco-
nomic importance in sheep in New Zealand. N.Z. J. Zool. 21:
1-8.

WaGHORN G.C., MorLaN A.L. 2001: Effect of condensed tannins
in Dorycnium rectum on its nutritive value and on the devel-
opment of sheep parasite larvae. Proc. N.Z. Grassl. Assoc. 63:
273-2717.

WaGHORN G.C., SueLTON I.D., McNaBB W.C., McCUTECHEON
S.N. 1994: The effect of condensed tannins in Lotus pedun-
culatus on nutritive value for sheep. 2. Nitrogenous aspects.
J. Agric. Sci. 123: 109—-119.

Accepted 11 November 2009



