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Abstract: This study determined the most effective of three doses per plant extract
on L3 nematode larvae. Seven plant species: Crinum macowanii, Gunnera perpensa,
Nicotiana tabacum, Sarcostema viminale, Vernonia amygdalina, Zingiber officinale
and Zizyphus mucronata, had alkaloids and tannins as bioactive principle. Ovendried leaf samples (40 g; 20 g; 10 g) of each species were extracted in 70% ethanol,
and concentrated to 100 ml; constituting 4×, 2× and 1× crude extract concentration.
Rectal faecal materials were collected from 10 Merino sheep and 25 Nguni goats,
pooled within species and hand-mixed. Dung samples (5 g) were weighed and
cultured for 12 days at 27°C. On day 13, four plates were watered, and others (4)
treated with 70% ethanol to correct solvent effect on mortality. The trial had 2 (animal species) × 7 (plant species) × 3 (extract concentrations) factorial design. In each
run, three plates were treated with each crude extract concentrations. L3 larvae
were isolated on day 14, larval counts done, and mortality became indices of dosed
anthelmintic efficacy. The study was re-run three times. Animal species (p = 0.0107)
and concentration (p = 0.0005) affected efficacy; a change in crude extract concentration resulted to efficacy of 71.2 ± 2.62%, 88.0 ± 1.88% and 97.9 ± 0.91% for goats
and 93.8 ± 2.62%, 96.0 ± 1.88% and 98.0 ± 0.91% for sheep. Interaction of crude
extract concentration and animal species affected efficacy (p = 0.0127). Condensed
ABOUT THE AUTHORS

PUBLIC INTEREST STATEMENT

Sylvester W. Fomum’s research towards a PhD falls
in this area. In ruminant nutrition, my interest
focuses on modelling in a quasi-simple fashion
how much an animal would eat indoor and
grazing, for which, we are making reasonable
strides.
Ignatius V. Nsahlai is the project leader
researching on two main areas: ruminant nutrition
(major) and anthelmintic properties of plants
(minor and most recent). So research on the
use of plants possessing anthelmintic activity
to control round worms in small ruminants is
an important arm of our activities, given global
resistance to chemical anthelmintic and the desire
for organic farming. These herbs have a variety of
anthelmintic principles for which it would take a
relative long process to develop resistance against
them by parasitic nematodes. Additionally, these
plants occur freely in nature, and are a plus to the
economics of animal health and productivity.

Good quality forage/feed will promote both animal
health and productivity. Some plant species play
this critical role, most of which are leguminous
in nature and very rich in tannins/alkaloids and
nitrogenous compounds for animal production.
Tannins and alkaloids have been identified as
important plant chemicals that treat round
and other parasitic classes of worms in grazing
livestock. Round worms, some of which feed
on animal host blood and others damage the
gastrointestinal tract, cause huge economic losses
to the livestock industry. These worms are currently
being treated with anthelmintics, a lot of which
are failing because these parasite have become
resistant to them. Sparing use of anthelmintics
at critical levels of parasite infection will enable
them to remain effective for longer than currently
experienced, by using tannin/alkaloid plant species
to retain infections low. Other pieces of work have
looked at plants rich in flavonoids, and proteinases.
Use of these plants would drastically curtail the
use of anthelmintics, helping to prolong the period
of their effectiveness.

© 2017 The Author(s). This open access article is distributed under a Creative Commons Attribution
(CC-BY) 4.0 license.

Page 1 of 12

Fomum & Nsahlai, Cogent Food & Agriculture (2017), 3: 1334295
https://doi.org/10.1080/23311932.2017.1334295

tannin and alkaloid content was high, but within close range. Differences in specific
anthelmintic activity exist among plants possessing the two principle(s); suggesting
that combined activity of any two species extract may have enhanced activity.
Subjects: Agriculture and Food; Bioscience; Biotechnology
Keywords: Goats; sheep; bioactive anthelmintics priciples; tannins; alkaloids; efficacy
1. Introduction
Widespread emergence of resistant strains of livestock nematode parasites globally (Jackson &
Coop, 2000; Kaplan, 2004), resulting from the exclusive/extensive use of chemical anthelmintic therapy (Geerts & Gryseels, 2000; Makkar, Francis, & Becker, 2007; Vercruysse, Charlier, Dorny, &
Claerebout, 2006; Waller, 2006), serves as an urgent call for alternative modes of application and
more sustainable methods of control (Waller, 2006). Moreover, chemical anthelmintics, notably
some macrocyclic lactones such as ivermectins are largely excreted unaltered in faeces and affect
dung eating invertebrates, which in turn have the capacity of affecting organisms higher up the food
chain (Cox, 1999), among others. This process can possibly induce resistance in other organism by
indirectly under-dosing them with the same chemical anthelmintic over time. Gastrointestinal nematode parasitism imposes huge economic constraints on global livestock production at both subclinical and clinical levels of infection; first by depriving their host of essential nutrients or feeding on
tissue/blood, and secondly, by provoking wasting and death of the host at high levels of infection.
Common occurring animal nematode parasites such as Haemonchus contortus (blood worm),
Trichostrongylus colubriformis and Ostertagia circumcinta cause anaemia, depress; feed intake,
body-weight gain (Agrawal & Banerjee, 2007; Ploeger & Kloosterman, 1993) and, milk and wool
production at subclinical levels (Makkar et al., 2007). At clinical level, they are highly pathogenic
(especially H. contortus) and capable of causing acute diseases and/or mortality (Allonby & Urquhart,
1975). Incidentally, the prevailing nematode parasite species in goat and sheep herds of Ukulinga
Research Farm, University of KwaZulu Natal, are H. contortus 87.3%, Trichostrongylus spp. 7.3% and
Oesophagostomum spp. 5.4% (Personal observation, 2015). Plant species exhibiting anthelmintic
activity constitute a very important option and alternative to chemical anthelmintic use.
Plants possessing anthelmintic activity have been used by pastoral farmers globally in various
communities to treat their stock (Brandt, Osuch, Mathibe, & Tsiba, 1995; Githiori, Höglund, Waller, &
Baker, 2004; McCorkle, Mathias, & van Schillhorn Veen, 1996; Tandon, Yadav, Roy, & Das, 2011), suggesting that they possess some bioactive principle(s) (Hoste et al., 2008; Kahn & Diaz-Hernandez,
2000). Relative to chemical anthelmintics, plant based anthelmintic principles also have the potential of being non-resistible, given the huge fundamental and structural genetic changes that will
have to drive such resistance (Stepek, Behnke, Buttle, & Duce, 2004). They, therefore, constitute an
important alternative to be developed and validated world-wide. Tannins and alkaloids have been
widely acknowledged as providing anthelmintic cover to grazing livestock on range by reducing
nematode larval establishment/egg count (Athanasiadou, Kyriazakis, Jackson, & Coop, 2001; Brunet
& Hoste, 2006; Jiang, Han, Wang, Zhao, & Li, 2010; Kamaraj & Rahuman, 2011; Paolini et al., 2003;
Singh, Bhat, & Singh, 2003). Tanniferous and polyphenolic anthelmintic activity is lost when tanninbinding polyethylene glycol is applied in vitro to plant crude extracts containing them (Molan,
Waghorn, Min, & McNabb, 2000; Paolini, Fouraste, & Hoste, 2004), reaffirming anthelmintic activity
as having emanated from their presence.
Condensed tannins vary widely in nature (Mueller-Harvey, 1999); with size and structure conferring different levels of activity (Waghorn, 2008). Moreover, some plants have higher condensed tannin concentration than others, but exert less effect on protein and other macromolecular complexing
because of the loose complex bond relative to accessions with less condensed tannins but with
stronger complexing (Osborne & McNeill, 2001). The concentration of condensed tannins in any
plant species does not necessarily confer on it a negative nutritional attribute or the higher capacity
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to affect nematode parasites and related reproductive activity. Alkaloids have also been widely
linked to anthelmintic activity of some plants (British Veterinary Codex, 1953/1965; Debella, 2002;
Simelane, Lawal, Djarova, & Opoku, 2010), but have not been widely covered relative to condensed
tannins. Similarly, plant species possessing alkaloids have complex composition and wide array of
this candidate (Nguyen, Titorekova, Bankova, Handjieva, & Popov, 2002). Different studies have suggested different modes of action of condensed tannins and alkaloids. Min, Pomroy, Hart, and Sahlu
(2004), proposed that the primary effect of condensed tannins was either reduced egg-laying of
adult nematode parasites or reduced multiplication by affecting egg hatch. Later studies (Kahiya,
Mukaratirwa, & Thamsborg, 2003; Lange et al., 2005; Shaik et al., 2006) contrasted with the previous
ones, probably linking condensed tannin anthelmintic activity to direct effect on adult nematode
parasites, especially the female worm. Apart of their effect on parasite fecundity, there is lower
abomasal and small intestinal adult parasite load as a result of tannin treatment, suggesting that all
of the above modes of action may be tenable.
This study was expected to determine the maximum dose of each plant species from three incremental concentrations at which in vitro anthelmintic activity of seven plant species crude extract
containing alkaloids and/or tannins will be optimal. It was designed to pre-screen and serve as a
basis to further exploratory studies aimed at enhancing anthelmintic activity. Seven plant species
Crinum macowanii, Gunera perpensa, Nicotiana tabacum, Sarcostema viminale, Vernonia amygdalina,
Zingiber officinales and Zizyphus mucronata were used in the study.

2. Materials and methods
2.1. Collection of vegetative plant material, establishment of groups and extraction
Seven plant species that are commonly used traditionally to treat parasitic helminths of livestock
were selected from available literature and reported to have either tannins or alkaloids as putative
primary anthelmintic principles. They included C. macowanii (Refaat, Kamel, Ramadan, & Ali, 2012),
G. perpensa (Simelane et al., 2010), N. tabacum (British Veterinary Codex, 1953/1965; Stuart, Stuart
Sandiago, & Sandiago-Flores, 2012), S. viminale (Grime, Nirmal, Bhalke, & Chavan, 2008), V. amygdalina (Yeap et al., 2010), Z. officinaless (Haman, 2007; Singh, Mehta, & Mehta, 2011) and Z. mucronata
(Olivier, 2012; Van Wyk & Wink, 2004). Plant material was collected from the University of KwaZuluNatal Botanical garden, some from the National Botanical garden, Pietermaritzburg, others from
private gardens and some were bought/collected from commercial food and vegetable stores in
Pietermaritzburg central business district. Sourcing was done primarily in summer of 2013/2014
between the months of November 2013 and April 2014. Voucher samples were authenticated and
deposited at the UKZN Herbarium, Pietermaritzburg.
Fresh vegetative material was collected, washed, chopped for those with large/long leaves, air
dried and subsequently oven dried (Oven mark; LABCON, Model 5SOEIB, Maraisburg 1700) to constant weight at 60°C. Each oven-dried plant species material was milled using an electric centrifuge
mill (RETSCH, GmbH and Co.KG, 5657 HAANI, West Germany), fine enough to pass through a 1 mm
sieve. Milled plant samples were then packaged into air-tight labelled plastic containers and stored
in boxes, away from light and moisture at room temperature. Ten grams of each oven-dried plant
species material was weighed into labelled thimbles, fitted into a distillation column and extracted
with 70% ethanol as solvent over a heating unit (Gerhardt Bonn, App. Nr 450893). The extraction
process was deemed complete, when the solvent in the thimble carrying unit was apparently free of
any coloration. Three other masses of 10 g dry matter were extracted following the same procedure
for each of the plant species and later concentrated to 100 ml of plant species crude extract. Half
and one quarter of the original crude extract were both made to 100 ml with the same solvent;
equivalent to 20 g (2× extraction) and 10 g (1× extraction) DM crude extracts, respectively. The initial
crude extract was 4×, the second 2× and the third 1× .
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These plant species crude extracts were sealed with Para film, put into sealed boxes and stored in
a fridge for in vitro dosing of cultured isolated mixed nematode L3 larvae species from goats and
sheep.

2.1.1. Determination of alkaloid and tannin content of selected plant species
Alkaloids were determined following Harborne (1973) method. Five grams of ground plant species
sample was weighed into a 250 ml beaker, 200 ml of 10% acetic acid in ethanol added and covered
to extract for 4 h. Solution was filtered using a fine sieve into a beaker of similar capacity to the first
and the extract concentrated in a water bath to ¼ its original volume at 100ºC. Concentrated ammonium hydroxide was added drop wise to complete precipitation of extract and solution allowed
to settle. Precipitate was collected and washed with dilute ammonium hydroxide 50:50 volume for
volume. Residue was filtered using Whatman® 42 filter paper, oven dried under low heat and
weighed.
Tannin determination was done following HCl-Butanol proanthocyanidin assay (Porter, Hrstich, &
Chan, 1986) as leucocyanidin equivalent (Makkar, 1995) and absorbances read using Beckman
DU®640 Spectrophotometer at visible wavelength of light 550 nm.

2.1.2. In vitro evaluation of plant species extracts on L3 nematode larvae of goats and
sheep
Rectal faecal material was collected from 10 Merino sheep and 25 Nguni goats grazing on contaminated mixed pasture at Ukulinga Research Farm, pooled within species and thoroughly hand-mixed.
Dung samples, each of 5 g were weighed into plates and incubated/cultured (MEMMERT, 854
Schwabach, West-Germany) for 12 days at 27°C. Samples were watered at 12 pm every day during
the 12 days of incubation/culturing to keep them moist; considering moisture consistency, in order
not to drench and drown hatched developing larvae. On day 13, 4 plates were watered, 4 plates
treated with 5 ml of 70% ethanol to correct the solvent effect on mortality and three plates that
were allotted to each plant species extract, treated with 5 ml of 4×, 2× and 1× extractions. All these
samples were further incubated for 24 h. Both nematode larvae that survive treatment and the controls were isolated/harvested using the Baermann technique (Hansen & Perry, 1994) on the fourteenth day.
Following this technique, each faecal culture was placed in a double cheese cloth, a porch loosely
formed around and tide with a rubber band. All faecal cultures in cheese cloth porches were placed
in respective labelled funnels, big enough to enable complete immersion and supported by an appropriate device. Lukewarm water was poured to fill the funnel, care taken to avoid porch blocking
migrating L3 larvae from falling down the funnel stem. The apparatus was left for 24 h at room
temperature and 15 ml of fluid collected in blood test tubes from the funnel stem. Tubes containing
fluid were left to stand for 30 min, the supernatant was drawn with a Pasteur pipette, a McMaster
slide filled and mounted on a microscope. Samples were examined and larvae counted using 10×
magnification.

2.1.3. Experimental design and statistical analysis
The experiment had two animal species, seven plant species and three extract concentrations: hence
it can be described as having a 2 × 7 × 3 factorial design. In each run, three plates were treated with
each plant species crude extract in three concentrations (4×, 2× and 1×). Surviving L3 larvae were
isolated on day 14, larval counts done, and mortality (based on the mean of three plates) became
indices of dosed anthelmintic efficacy. The study was re-run three times. Nematode mortality was
calculated using Abbott’s formula (Abbott, 1925), as follows:

Corrected %mortality =

(
1−

n in T after treatment
n in Co after treatment 211

)

× 100

where n = number of larvae, T = treated and Co = control.
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Data from nematode larval mortality were analysed using the General Linear Model of SAS (2000)
to determine the effect of animal species, plant species, concentration (1×, 2 × and 4×) and of various levels of interaction of animal species, plant species, and concentration on mortality. The level
of significance was standardized at maximum probability p ≤ 0.05 for all statistical tests.

where, Ƴijkl = individual observation; μ = overall mean; Ai = effect of animal species; Sj = effect of
plant species; Ck = effect of concentration; (A × C)ik = interaction of animal and concentration effects;
(S × C)ik = interaction of plant species and concentration effects; (A × S × C)ijk = interaction of animal
effect, plant species effect and concentration; eijkl = the error term.

3. Results
All selected plant species contained alkaloids and tannins, but alkaloid content was higher than that
of the later (Table 1). Both plant secondary metabolite content of the different plant species was
statistically close, though quantitatively different.
Animal species (p = 0.0107) affected anthelmintic efficacies of plant species possessing alkaloids
and tannins. Anthelmintic efficacies for sheep, ranged from a minimum of 89.8 ± 2.62% for N. tabacum to a maximum 100 ± 0.91% for both N. tabacum and Z. officinaless; whereas the minimum efficacy for goats was 43.7 ± 2.62% for G. perpensa and 42.8 ± 2.62% for S. viminale and spanned to a
maximum of 100 ± 0.91% for both Z. officinaless and Z. mucronata (Table 2). There was a higher initial efficacy for sheep relative to goats, but both animal species efficacies converged at the upper
Table 1. Tannin and alkaloid content ± standard error of means (gKg−1 DM) of selected plant
species possessing anthelmintic activity
Plant species

n

Tannin (gKg−1)

n

Alkaloid (gKg−1)

C. macowanni

6

5.5 ± 1.28

G. perpensa

2

20.9 ± 1.10A

5

7.6 ± 1.30

B

2

44.4 ± 15.20A

N. tabacum

5

6.4 ± 1.42B

2

37.1 ± 3.20A

S. viminale

2

2.8 ± 0.01

B

2

46.7 ± 8.50A

V. amygdalina

6

3.4 ± 0.63B

2

42.4 ± 8.20A

Z. officinale

6

3.4 ± 0.55

2

48.3 ± 4.50A

Z. mucronata

6

13.7 ± 1.99B

2

30.6 ± 0.68A

A

B

Notes: gKg−1 = grams per Kilogram; DM = dry matter; means with the same superscript are not statistically different.

Table 2. Effect of animal (goats and sheep) and plant species crude extracts containing
alkaloids and tannins administered at 1×, 2× and 4× concentration on corrected larval
nematode mortalities (least square means ± standard error)
Sheep
Plant species

Goats

1×

2×

4×

1×

2×

4×

C. macowanni

92.4 ± 2.62

95.6 ± 1.88

98.7 ± 0.91

74.7 ± 2.62

96.4 ± 1.88

97.6 ± 0.91

G. perpensa

98.1 ± 2.62

98.1 ± 1.88

99.4 ± 0.91

43.7 ± 2.62

74.3 ± 1.88

98.3 ± 0.91

N. tabacum

97.8 ± 2.62

100.0 ± 1.88

100.0 ± 0.91

70.1 ± 2.62

91.6 ± 1.88

95.2 ± 0.91

S. viminale

93.4 ± 2.62

93.4 ± 1.88

97.0 ± 0.91

42.8 ± 2.62

66.1 ± 1.88

95.2 ± 0.91

V. amygdalina

90.8 ± 2.62

92.9 ± 1.88

96.4 ± 0.91

96.8 ± 2.62

98.6 ± 1.88

99.3 ± 0.91

Z. officinaless

89.8 ± 2.62

92.9 ± 1.88

100.0 ± 0.91

83.3 ± 2.62

100.0 ± 1.88

100.0 ± 0.91

Z. mucronata

94.5 ± 2.62

99.0 ± 1.88

99.0 ± 0.91

87.2 ± 2.62

88.9 ±1.88

100.0 ± 0.91

Note: Mortality 1, 2 & 3 are equivalent to % efficacies at 1×, 2× & 4× concentration.
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end (Table 2, Figures 1 and 2). At 2× concentration for goats, the efficacies for S. viminale 66.1 ± 1.88%
and G. perpensa 74.3 ± 1.88% were the only ones below the 80% mark (Table 2).
The relationship between anthelmintic efficacy of sheep and goats at various concentrations of
plant extracts given in Figure 1 demonstrated that sheep parasite were highly vulnerable to even the
lowest concentration of plant crude extracts. Goat parasite succumbed to these crude extract when
subjected to 4× the initial concentration. Thus the spread of efficacy for goats started by being wide
at concentration 1×, reduced at 2× and at 4× it was between 85 and 100%. Concentration also affected anthelmintic efficacy (Figure 1).
Concentration (p < 0.0001) affected anthelmintic efficacy (Figure 1). Wilks’ Lambda statistics
showed that a change in crude extract concentration from 1×, 2× and 4× resulted to mean efficacy
range of between 71.2 ± 2.62% and 98.0 ± 0.91% for 1×, 2× and 4× concentrations (Figure 2). There
was effect of interaction between concentration and animal species.
Interaction between concentration and animal species affected (p = 0.0127) anthelmintic efficacy
(Figure 2). Anthelmintic efficacy for goats and sheep at 1x concentration were different (Table 2 and
Figure 1. Relationship between
anthelmintic efficacies on
sheep and goats at 1×, 2× and
4× concentrations of plant
species containing alkaloids
and tannins.
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Figure 2. Least square means
(LSM) of anthelmintic efficacy
and standard error of least
square means (±SELSM) for
both goats and sheep at
1× concentration = crude
extract concentration 1, 2×
concentration = crude extract
concentration 2 and 4×
concentration = crude extract
concentration 3 for all plant
species.

Figure 2); 71.2 ± 2.62% vs. 93 ± 2.62%. Additionally, the crude extract efficacy at concentration 2
was also different (p = 0.0446), with mean efficacy of 88.0 ± 1.33% for goats and 96.0 ± 1.33% for
sheep (Figure 2). Efficacy for both animal species converged at concentration 4×, though the trend
for both animals was different. There was a more gradual and marginal increase for sheep, whereas
that of goats increased more radically from 1× through 2× and 4× concentrations (Figure 2).

4. Discussion
Anthelmintic efficacy of the same plant species crude extract possessing condensed tannins and
alkaloids (Table 1) at the same concentration was different for both goats and sheep (Figures 1 and 2),
suggesting that animal species related traits might have affected efficacy as concentration increased
(Hoste, Jackson, Athanasiadou, Thamsborg, & Hoskin, 2006; Paolini et al., 2003). This is consistent
with the suggestion that specific requirements of animal species be considered in order to maintain
or enhance anthelmintic efficacy of relevant plant species because of inherent disparities (Vercruysse
et al., 2001). At higher concentration the anthelmintic efficacies for both goats and sheep were
either similar or within close range of each other (Figure 2), indicating the proximate level of optimum
efficacy in accordance with our expectation. Other possible causes may be responsible for the
differences in efficacy as a result of animal species.
Differences in anthelmintic efficacy for the same plant species between goats and sheep (Figures
1 and 2) at lower concentrations may be attributed to their feeding behaviour and forage encountered; goats browse/graze (Dove, 2010; Skarpe, Jansson, Seljeli, Bergström, & Røskaft, 2007) whereas sheep mainly graze (Gordon, 2003). Plant secondary metabolites including alkaloids, flavonoids,
tannins and saponins abound in browse (Athanasiadou, Githiori, & Kyriazakis, 2007; Nguyen, Binh, &
Ørskov, 2005) and/or forbes, consequently, goats might too frequently have been pre-exposed to
these compounds relative to sheep. Their foraging behaviour might have aided to develop the biochemical capacity to counteract tanniferous and alkaloidal anthelmintic activities at lower concentration (Hoste et al., 2006) and/or having worms with better adaptation strategies. At higher
concentration, the threshold of animal species difference is potentially exceeded/overwhelmed and
counteracted, thus concentration exerts its full effect on anthelmintic efficacy giving rise to the
highly close efficacy for both species (Figure 2). Secondary chemical metabolites of forage consumed
by both animal species may well have served as another contributing factor for the differences observed in anthelmintic efficacy.
Fundamentally, browse and forbes, and grass differ in their chemistry (Gordon, 2003); browse
plants contain higher levels of secondary compounds (alkaloids, flavonoids, saponins and tannins)
and other nitrogenous compounds (Gordon, 1989) relative to grasses. This trait might have increased
the level of tolerance by goats due to frequent pre-exposure to alkaloids and tannins, since browse
constitutes a major proportion of their diet. Sheep consumed a lower level of tannin rich Lespedeza
sericea (Terrill, Windham, Hoveland, & Amos, 1989) relative to goats grazing the same forage species
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(Min & Hart, 2003; Terrill et al., 1989), reaffirming goats’ tolerance to higher level of tannins and alkaloids. That is potentially why lower concentrations of plant species crude extract containing alkaloids and tannins yielded a higher efficacy for sheep than goats, but exhibited similar anthelmintic
efficacy at higher concentration (Figure 2). On the other hand, a change in concentration entails a
higher concentration of the active anthelmintic principle(s) (alkaloids and/or tannins) and increased
efficacy (Figure 2). This concurs with in vivo studies in sheep, goats and deer suggesting that a minimum range of 3–4% condensed tannins has to be attained for any discernible anthelmintic activity
and further increases in concentration resulted to increases in efficacy (Hoste et al., 2006). This
threshold marks the concentration below which administration of plant crude extracts containing
alkaloids and/or tannins to livestock in helminth control programs will be regarded as under dosing
and thus ineffective.
There was similar interaction of anthelmintic efficacy and condensed tannin concentration administered in vivo, potentially linking increased activity to increased concentration (Min & Hart,
2003). Increased tannin extract concentration from legumes also resulted to a decrease in egg
hatch and larval development of T. colubriformis (Molan et al., 2000). In vivo administration of condensed tannins to nematode infected sheep has to be carefully managed because beyond some
threshold, adverse effects will set in, negating the positive anthelmintic effect that they possess.
Administration of 8% of food intake to sheep infected with a single dose of Teladorsagia colubriformis of Quebracho extract rich in tannins, resulted to reduction in faecal egg count (FEC) and worm
burden lasting for a week (Athanasiadou, Kyriazakis, Jackson & Coop, 2000), but with consistent
follow-up administration, FEC remained low. Similar results were obtained from in vivo studies
wherein sheep were dosed with crude plant extracts of Ananas comosus, Aloe ferox, Allium sativum,
Lespedeza cuneata and Warburgia salutaris weekly for forty-two days (Mawahib, Laing, & Nsahlai,
2014). Athanasiadou et al. (2001) subsequently found that dosing the same sheep infected with T.
colubriformis once with 8% of Quebracho extracts relative to daily food intake reduced FEC and
could potentially be retained at that level for a month. Sheep receiving an initial dose of 16%
Quebracho extract compared to daily food intake had a more reduced FEC, but their food intake fell
significantly from day 28 and they manifested severe signs of diarrhoea after the second dose of
Quebracho extract administration. Reed (1995) discouraged administration of high levels of some
classes of condensed tannins to ruminants because of their toxic effects. Condensed tannins differ
widely in chemical structure/activity (Alonso-Díaz et al., 2009; Rochfort, Parker, & Dunshea, 2008)
and different types occur in different plant species (Barry, 1985), additionally, plants contain a wide
array of secondary metabolites (Hoste et al., 2008; Makkar, 2006) which may collectively influence
the plant species level of anthelmintic activity among others, thus contrasting sharply with the concept of a primary putative bioactive anthelmintic principle(Table 1). The biochemical mode of action
of most plant secondary metabolites (PSM) on adult nematode fecundity and egg hatch is not clearly
understood.
Plant secondary metabolites, especially condensed tannins and other polyphenolic compounds
form complexes with organic macromolecules, some of which are proteins and carbohydrates
(Ademola, Akanbi, & Idowu, 2005; Alonso-Díaz, Torres-Acosta, Sandoval-Castro, & Hoste, 2011;
Hoste et al., 2006; Mueller-Harvey, 2006). The formation of these complexes is suggestive of deprivative effect on proteins, essential amino acids and carbohydrates that will drive vital biochemical
activities within the developing/developed nematode egg, growing larva and adult nematode.
Tannins-protein/amino acid complexes formed, culminate to potential loss of egg capacity to develop or developed mature eggs from hatching, hence decreasing egg hatch and count (Athanasiadou,
Kyriazakis, Jackson, & Coop, 2000; Molan, Waghorn, & McNabb, 2002). The same interaction with
other macromolecules (Mueller-Harvey, 2006) of developing nematode larvae, possibly will impair
biochemical activity that promote development and growth, decreasing or arresting larval development (Molan et al., 2002). Concentration of some tannins and other polyphenolic compounds as low
as 75 μg ml−1 interfered and related negatively with some biological processes of H. contortus
(Alonso-Díaz et al., 2011; Azando et al., 2011). In the nematode parasite life cycle, any biochemical
activities/intervention that either lead to decrease in egg hatch or impede larval development will
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potentially reduce infective L3 larvae and adult nematode parasite burden (Athanasiadou et al.,
2000). Alkaloids in their own group are naturally occurring chemical compounds that contain mostly
basic nitrogen atoms in the heterocycle. It is claimed the same reaction may be plausible with alkaloids (Alonso-Díaz et al., 2011; Azando et al., 2011) because they possibly exert the same effect and
some of them are alleged to be polyphenolic in nature (Ademola et al., 2005). There is vast empirical
evidence implicating alkaloids of exhibiting anthelmintic activity (Ademola et al., 2005; Alonso-Díaz
et al., 2011; Hoste et al., 2006; Simon, Nafanda, & Obeta, 2012), but their biochemical mode of action
is not clearly understood and has been likened to that of tannins.
The trend of efficacy at the lowest concentration for goats was V. amygdalina > Z. mucronata > Z.
officinales > C. macowanii > N. tabacum > G. perpensa > S. viminale (Table 2) relative to sheep that
were within close range of Vernonia (Table 2) which exhibited the highest efficacy for goats. This
trend reaffirms suggested differences in response of different animal species (Hoste et al., 2006;
Paolini et al., 2003) to the use of plant species possessing anthelmintic activity in parasite control
programs. Additionally, the trend of efficacy at the lowest concentration for all plant species is suggestive of differences in the concentration and number of bioactive anthelmintic principle(s) (Table
1) which may synergise with each other, given the increase in concentration that brings about increased efficacy to various extents for all plant species (Figures 1 and 2). This is analogous to more
than just a dose dependent anthelmintic activity that is exhibited by most plant species possessing
antiparasitic activity (Iqbal, Lateef, Akhtar, Ghayur, & Gilani, 2006; Jabbar, Zaman, Iqbal, Yaseen, &
Shamim, 2007; Shivkar & Kumar, 2003), thus suggesting there could be interacting multiple principles in each plant. For both animal species, all plant species exhibited mean anthelmintic efficacy
above 60% (Figure 2) concurring with previous findings (British Veterinary Codex, 1953/1965; Grime
et al., 2008; Haman, 2007; Refaat et al., 2012; Simelane et al., 2010; Van Wyk & Wink, 2004; Yeap
et al., 2010).

5. Conclusion
Animal species effect has to be accorded adequate attention in the use of crude plant species extract possessing condensed tannins and alkaloids. This is essential in order to ensure that there is
accurate dosing to obtain the desired results. Though higher concentrations may prove more effective in vitro, in vivo, they have proven to be very problematic to animal productivity and health.
Condensed tannins and alkaloids therefore represent important bioactive principles to be considered for potential combination to explore the possibility of enhanced anthelmintic activity at lower
concentrations in order to reduce the dose and avoid adverse effects that result from excessively
high concentration. Moreover, all selected plant species contain both plant secondary metabolites to
different extents/concentration (Table 1). This will potentially arrest administering higher concentration of crude extract containing alkaloids and tannins and related problems of nutrient availability/
digestibility. Additionally, different plant species possess different types of alkaloids and tannins,
giving the combination process the possibility of a wider scope of anthelmintic activity and more
enhanced efficacy resulting from various interactions.
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