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ABSTRACT

Indo-Pak subcontinent has a rich history of small ruminant farming. There are many
indigenous breeds of sheep and goat contributing to the national economy and food
security of the region. Small ruminant farming reared by the pastoralists, settlers and
nomadic people mainly relies on the rangelands and temporary community pastures.
Historically, the shepherds offer their flocks the leaves and soft stems of many trees and
shrubs, now known to have tannin contents. The performance of the animals has always
found better with the animals fed on traditional forages containing tannins. Until last
couple of decades, there was no scientific evidence of the beneficial and/or adverse
effects of tannins. There are, however, many researches published during the last few
years, which have reflected upon the multiple benefits or harmful effects of the
condensed tannins in smal! ruminants. More of the published research advocates the use
of tannins for enhancing the animal production. Nevertheless, a debate is needed to use,
disuse, judicious use and significance of anima! feeds supplemented with tannin or the
tannininferous forages. This paper offers a critical analysis of the conclusions based on
the reseéarch on tannin feeding and potential of tannin containing forages in improving
nutrient utilization and availability of proteins for better performance in small
ruminants. Suitable recommendations have been made based on logical discussion on
“pros and cons” of tannin feeding.
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 INTRODUCTION

Tannins are polyphenolic compounds, which may be present in any part of plant,
including roots, stems or trunk, bark, leaves; fruit and even hairs. Based on their molecular
structure, they are usually classified either as hydrolysable tannins (HT) or CT
(proanthocyanidins). Among these, CT are the most common types of tannin found in
forage legumes, trees and shrubs (Barry and McNabb, 1999). Structurally, CT are
complexes of oligomers and polymers of flavanoid units linked by carbon-carbon bonds
(Hagerman and Butler, 1981; Foo et al., 1986) without a monosaccharide nucleus. The CT
exist as oligomers of flavan-3-ols (catechin) or flavan-3, 4-diols (epicatechin) and those
occurring in temperate forages have a relative molecular mass of 2,000 to 4,000
comprising 10 to 12 oligomers of CT (Foo et al., 1986). These differences can produce an
infinite variety of chemical structures, which in turn affect the physical and biological
properties of the CT. Condensed tannins form pH reversible bonds with forage proteins,
which reduce degradation cof protein to ammonia by rumen microorganisms, yet release
protein at the low pH (2.5-3.5) in the abomasum ( Jones and Mangan, 1977). Reactivity of
CT differs between species of plants that contain these compounds and hence CT from
some plants increases the net absorption of essential amino acids more than others (Barry
and M¢ Nabb, 1999; Min et al., 2003).

Small ruminant production is an important agricultural small and medium

enterprise of the farmers. Tremendous increase in cultivated lands and increasing

“animal population pressure have led to squeezing the rangelands for grazers. Thus,
.animal nutritionists have been actively engaged in exploiting the nutritional potential of
traditional forages to pay off the shortage of good quality food. Indo-Pak subcontinent
has a rich history of small ruminant farming with many indigenous breeds of sheep and
goat which contribute not only the national economy but also as food source.
Rangelands and temporary community pastures are the main source of food for small
ruminants reared by the pastoralists, settlers and nomadic people. Historically, the
shepherds offer the leaves and soft stems of many trees and shrubs to their flocks which
have, now known to contain tannin contents. The performance of the animals has
always found better with the animals fed on traditional forages containing tannins. Until
last couple of decades, there was no scientific evidence of the beneficial and/or adverse
effects of tannins. There are, however, many researches published during the last few
years, which have reflected upon the multiple benefits or harmful effects of the
condensed tannins in small ruminants (Aerts et al., 1999). More of the published
research advocates the use of tannins for enhancing the animal production.
Nevertheless, a debate is needed to use, disuse, judicious use and significance of animal
feeds supplemented with tannin or the tannininferous forages.

This paper presents a critical analysis of the conclusions based on the research
conducted to enhance the small ruminant production by improving nutrient utilization
and availability of proteins through feeding and exploiting the potential of tannin
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containing forages. Moreover, based on discussion on “pros and cons” of tannin
feeding, suitable recommendations have been made to operate the animal performance.

Biological features of tannins

. Tannins are functionally known by their competence to bind with proteins which
forms the bases of many biological effects of tannins (Hagerman and Butler, 1991).
They can have detrimental effect against many microorganisms and fungi (Bernays et al.,
1989) which may be one of the major reasons of their evolution (Swain, 1979; Bernays et
al., 1989; Ayres et al., 1997; Aerts et al., 1999). Intense deposits of tannin contents occur
in the epidermis of leaves and stems of many leguminous forage plants, herbs and grasses
with different concentrations including Onobtychis viclifolia (sainfoin), Lotus (L.)
corniculatus (birdsfoot trefoil), L. peduncularus (big trefoil), Hedysqrum coronarium
(sulla), and Lespedeza cuneata (sericea lespedeza) (Jones et al., 1976; Termill et al.,
1989, 1992). Interestingly, it has been reported that piants higher in tannins produced
fewer leaves as compared to those having low tannins (Coley, 1986).

Beneficial and toxic effects of condensed tannins

The beneficial and toxic effects of condensed tannins on production and
performance have extensively been studied in small ruminants. However, it appears that
tanniniferous feeds can produce beneficial effects in low concentration ‘while high
levels are inevitably detrimental in small ruminants (Wiegand et al., 1996, Min et al.,
2003). Low to moderate concentrations of tanmnins (2-5 % dry weight) significantly
increased the net absorption of amino acids, sulphur and nitrogen digestibility which
ultimately enhanced wool growth, ovulation rate, live weight gain, growth rate and milk
production and quality (Waghorn et al., 1987; McNabb et al., 1993; Wang et al., 1994,
1996a; Terrill et al., 1992; Min et al., 1999). Moreover, tannins have also been reported
to possess antheimintic activity against many helminthes including Teladorsagia
circumcincta, Heamonchus contortus and Trichostrogylus clubriformis (Niezen et al.,
1998; Paolini et al., 2003a; Molan et al., 1999; Molan et al., 2000; Waghorn and
Molan, 2001; Molan et al., 2002; Paolini et al., 2005). In contrast, high concentrations
of tannins (>5 % dry weight) in feed of small ruminants may lead to reduced voluntary
feed intake, % digestion of amino acids in small intestine, rumen fiber digestibility,
growth rate, wool growth and digestion of sulphur and nitrogen (Barry and Duncan,
1984; Barry 1985; Barry et al., 1986, Waghorn et al., 1994; Pritchard et al, 1988,
1992). A summary of beneficial and detrimental effects of tannins in relation with their
concentrations is shown in the Table 1. '

Possible explanations of tannin effects
a. Nutritional aspect in sheep
To determine the nutritional effects of tannins in the sheep, all the experiments
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were performed on both untreated and tannin inactivated plant materials that have been
treated with polyethylene glycol (MW 3350). The ‘beneficial effects of tannins in sheep are
associated with the greater outflow and absorption of amino acids cspecmlly in sheep fed
with the forages containing tannin percentage ranging from 24% (Waghom ez al., 1987;
Wang et al., 1994, 1996b; Min et al., 1999). Enhanced growth rate and increase in
prodixtion performance and nutritive value of milk in sheep may be due to increased
availability of essential amino acids (Waghom er al., 1987; Wang et al., 1994). Increase
outflow of sulphur containing amino acids which are key precursors of wool production
may contribute to increased wool production (Wang er al., 1994; McNabb et al., 1993).
Although, microorganisms are essential agents in the rumen for degradation of structural
components of plant celis but, on the other hand, they also utilize the ammonia and some
essential amino acids for synthesis of their cellular proteins. Tannins make complexes with
the proteins in which prevent the degradation of proteins in rumen thus increase flow of
proteins to the intestines (Waghorn et al., 1987, 1994; McNabb et al., 1996). This is
evident from the experimentations of Barry et al. (1986) who found a linear relationship
between increased tannin concentration and increased surge of non-ammonia nitrogen.
Moreover, the pH value in rumen (6.0-7.0) is very favorable for the formation of stable
complexes between tannin and proteins. When the complexes come in intestines, the lower
pH (2.5-3.5) separates the bond between tannin contents and proteins resulting in enhanced
digestion of essential amino acids in the intestines of sheep (Waghom et al., 1987, 1994).
This greater quantity of proteins is available to be absorbed in the intestine of sheep. In
contrast, high tannin concentration reduces percentage digestion of proteins thus leads to
reduced growth rate, wool production and milk quality and quantity (Waghomn ez al.,
1994).

b. Control of parasites

Although, most of the parasitic control programs are based on
c¢hemotherapeutic control (Waller, 1999; FAO, 2002) but, various problems have been
evolved with this practice such as increasing problem of development of resistance by
the parasites to several families of drenches (McKenna et al., 1995; Vermunt et al.,
1995, Chandrathani er al., 1999; Chartier et al., 2001; Leathwick er al., 2001), hazards
of chemical residues and toxicity (Kaemmerer & Buttenkotter, 1973), un-economical,
non-adaptability and non-availability of drugs in remote areas. Recent reports on the
small ruminants suggest that tannin containing fodder decrease the detrimental effect of
gastrointestinal parasites by killing larval and adult worms (Athanasiadou et al., 2000).
For example, Athanasiadou ef al. (2001) found significantly lower faecal egg count
from the sheep drenched with 16% W/W of Quebracho extract (QE). However, worm
burden in the digesta of abomasums was significantly lower in sheep treated with 8%
W/W of QE. Nevertheless, enhanced feed intake, live weight gain and feed conversion
efficacy was observed in sheep treated with 8% W/W of QE while 90% of sheep
drenched with 16% W/W of QE stopped eating by day 30 (Athanasiadou et al., 2001).
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These results could be attributable to toxic effects of tannins as higher concentrations of
tannins reduce feed intake and absorption of other available nutrients in rumen of sheep
(Reed, 1995). Similarly, various scientists observed lower faecal count and worm
burden with no parasitic species difference in the sheep drenched with several
concentrations of condensed tannins (Niezen ef al., 1998; Paolini er al., 2003a, 2005;
Molan et al., 1999, 2000, 2002; Waghorn and Molan, 2(01). Tannins bind with free
available proteins in the gastrointestinal tract and reduced nutrient availability of
nutrients would have resulted in larval and worm starvation and death (Athanasiadou et
al., 2001). Additionally, tannins would also bind with cuticle of larvae which is high in
glycoproteins ensuing in death of larvae (Thompson and Geary, 1995). Moreover,
increased availability of proteins due to condensed tannins in the feed of sheep has also
been found responsible for enhanced immune response against parasites (Coop and
Kyriazakis, 1999).

¢. Bloat safety

Bloat is frequent muddle in small ruminants caused by the formation of stable
protein broth in the rumen of animals fed with high nutritive value legumes including
white clover or Lucerne. These protein foams avert the fermented gases to liberate from
the rumen resulting in expansion of rumen. The course of bloat formation is very acute
and leads to serious damage of vital organs such as lungs and heart (Mangan, 1959) and
ultimately leading to death of animals. While, moderate concentration of tannins in the
food of animals destabilizes the protein foams which refers them bloat safe (Tanner ef
al., 1995).

d. Reduced proteolytic enzyme activity and growth of rumen bacteria

CTs considerably reduce the proteolytic enzyme activity and growth of bacteria
in the rumen of sheep (Jones et al., 1993). CTs form complexes with the cell coat
polymers of bacteria and proteolytic enzymes secreted by them which enable the
protein to sidestep in the rumen. These complexes subsequently release the protein
when come in the acidic condition of abomasum. These protein molecules undergo
enzymatic hydrolysis in the small intestine leading to availability of enormous number
of amino acids to be absorbed from the intestine (Jones and Mangan, 1977; Martin and
Martin, 1983; McNabb et al., 1998). Although, studies have not been-conducted to
determine the effect of CTs on proteolytic activity and growth of all ruminal microbes
but data published so far is demonstrating that CTs had not affected the total microbial
protein synthesis in the rumen or abomasal microbial protein flow (McSweeney ef al.,
2001; Min er al., 2002, 2003)
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CONCLUSIONS

Adverse effects of tannin feeding in ruminants is associated with their low
palatability and affinity to create linkage with nutrients. Tannin interference with
digestion is a function of astringency, concentration and potential sites for binding.
However, use of tanniniferous diets in proper proportion and concentration can improve
animal productivity-in addition to alleviating their negative effects.

RECOMMENDATIONS

1. Relatively low concentration of tannins (0.5% of DM intake) is sufficient to
destabilize the bioat proteins while high concentration (2-4% of DM intake) is
needed for improvement of protein utilization.

2. High concentration (> 5% of dry weight) should be avoided to prevent its toxic
effects like reduced feed intake and feed conversion efficiency.

3. Tannins containing forages should be added in the feed of small ruminants for
sustainable control of gastrointestinal parasites.

REFERENCES

Ademola, 1.O., B.O. Fegbemi and S.0. Idowu, 2005. Anthelmintic activity of Extracts of
Spondias mombin against gastrointestinal nematodes of sheep: Studies in vifro and
vivo. Trop. Anim. Hlth. Prod., 37: 223-235.

Ademola, 1.0., 5.0. Fagbemi and S.0. Idowu, 2004. Evaluation of anthelmintic activity of
Khaya senegalensis extract against gastrointestinal nematodes of sheep: in vitro and
vivo studies. Vet. Parasitol., 122: 151-164.

Aerts, RJ., T.N. Barry and W.C. McNabb, 1999. Polyphenols and agriculture: beneficial
effects of proanthocyamdms in forages. Agri. Ecosyst. Environ., 75: 1-12.

Athanasiadou, S 1 Kyriazakis, F. Jackson and R.L. Coop, 2000. Effects of short-term
- exposure to condensed tannins on an adult Trichostrongylus colubriformis. Vet
Rec., 146; 728-732.

sAthanasiadou, S., 1. Kyriazakis, F. Jackson and RL. Coop 2001. Direct anthelmintic
' ‘effects of condensed tannins towards different gastrointestinal nematodes of sheep:
in vitro and in vivo studies. Vet. Parasitol., 99: 205-219.

Ayres, M.P., T.P. Clausen, S. MacLean, AM. Redman and P.B. Reichardt, 1997.
Diversity of structure and antiherbivore activity in condensed tannins. Ecology,
78: 1696-1712.

~152- Zafar Iqgbal, et al, 2010



NUTRITION & HUSBANDRY

Bamry, T.N. and S.J. Duncan, 1984. The role of condensed tannins in the nu&iﬁonal value
of Lotus pedunculatus for sheep 1 Voluntary intake. British J. Nutr., 51: 485-491.

Barry, T.N., 1985. The role of condensed tannins in the nutritional value of Lotus
pedunculatus forsheep 3. Rates of body and wool growth. British J. Nutr., 54: 211~
217.

Barry, T.N. and W.C. McNabb, 1999. The implications of condensed tannins on the
nutritive value of temperate forages fed to ruminants. Br. J. Nurr., 81: 263-272.

Barry, T.N., T.R. Manley and S.J. Duncan, 1986. The role of condensed tannins in the
nutritional value of Lotus pedunculatus for sheep. 4. Sites of carbohydrate and
protein digestion as influenced by the dietary reactive tannin concendration. British
J. Nutr., 55: 123-137.

Bernays, E.A., G. Cooper Driver and M. Bilgener, 1989. Herbivores and plant tannins.
In: Begon, M., Fitter, A H., Ford, ED., MacFadyen, A. (Eds.), Advances in
Ecological Research, vol. 19. Academic Press, London, pp. 263-302.

Brooker, 1.D., L.O. O’Donovan, 1. Skene and G. Sellick, 2000. Mechanisms of tannin
resistance and detoxification in the rumen. In: Brooker, J.D. (Ed.), Proc. of the Int.
Workshop on Tannins in Livestock and Human Nutrition. ACIAR Proceedings No.
92. Australian Centre for International Agricultural Research.

Chandrathani, P., M. Adnan and P.J. Waller, 1999. Anthelmintic resistance in sheep and
goat farms in  Peninsula Malaysia. Vet. Parasitol., 82: 305-310.

Chartier, C., F. Soubirac, I. Pors, A. Silvestre, J. Hubert, C. Couguet and J. Cabaret, 2001.
Prevalence of antheimintic resistance in gastrointestinal nematodes of dairy goats

under extensive management conditions in southwestern France. J. Helminthol., 75:
325-330.

Coley, P.DD., 1986. Costs and benefits of defense by tannins in a neotropical tree.
QOecologia 70: 238-241.

Coop, R.L. and 1. Kyriazakis, 1999. Parasite-nutrition interaction. Ver. Parasitol., 84: 187
. 204,

FAO, 2002. Biological control in a global perspective —a review on emphasis on
Duddingtonia flagrans. Final Proceeding of FAQ, Technical Co-operation Project
in Malaysia.

Foley. W.J. and 1LD. Hume, 1987. Digestion and metabolism of high tannin Eucalyptus
foliage by the brush tail possum (Trichosarus vulpeculn) (Marsupilalia;
Phalangeridae). J. Comp. Physiol., 157: 61-76.

Foo, L.Y., W.T. Jones, L.J. Porter and V.N., Williams, 1986. Proanthocyanidin polymers
of fodder legumes. Phytochemistry, 21: 933-935.

Eg. J. of Sh. & G. Sci., Vol. 5 (1), P: 147- 163 -153.



3™ International Scientific Conference on Small Ruminant Development, Hurghada,
Egypt, 12-15 April, 2010 ’

Hagerman, AE. and L.G. Butler, 1981, The specificity of proanthocv-amdm-protem
interactions. J. Biol. Chem., 256: 4494-4497.

Hagerman, A.E. and L.G. Butler, 1991. Tannins and lignins. In: Rosental, G.A.,
Berenbaum, M.R. (Eds.), Herbivores: Their Interaction with Secondary Plant
Metabolites, 2nd Edition. Academic Préss, San Diego, pp. 355-376.

Haslam, E., 1996. Natural polyphenols (vegetable tannins) as drugs: possible modes of
action. J. Nat. Prod., 59 205-215.

Hoskin, S.0., P.R. Wilson, T.N. Barry, W.A.G. Charleston and G.C. Waghom, 2000.
Effect of forage legumes containing condensed tannins on lungworm (Dictyocaulus
sp.} and gastrointestinal parasitism in young red deer (Cervus elaphus). Res. Vet.
Sci., 68: 223-230.

Jones, W.T., R.B. Broadhurst and J.'W. Lyttleton, 1976. The condensed tannins of
pasture legume species. Phytochemistry, 15: 1407-1409.\

Jones, G.A., K.D. Jakober, H.DD. Bae, T.A. McAllister and K.J. Cheng, 1993. Some
interactions between condensed tannins of forage legumes, bovine serum
albumin, and five strains of proteolytic rumen bacteria. In: Proceedings of the
World Conference on Animal Production, vol. 36, Edmonton, Canada, pp. 68—
69. -

Jones, J.T. and J.L. Mangan, 1977. Complexes of the condensed tannins of sainfoin
(Onobrychis viciifolia Scop.) with fraction 1 leaf protein and with submaxillary
mucoprotein and their reversal by polyethylene glycol and pH. J. Sci. Food
Agric., 28: 126-136.

Kaemmerer, K. and S. Butenkotter, 1973. The problem of residues in meat of edible
domestic animals after application or intake of organophosphate esters. Residue
Rev., 46: 1.

Kahiya, C., §. Mukaratirwa and S.M. Thamsborg, 2003. Effects of Acacia nilotica and
Acacia karoo diets on Haemonchus contortus infection in goats. Ver. Parasitol.,
115: 265-274.

Leathwick, D.M., W.E. Pomroy and A.C.G. Heath, 2001. Anthelmintic resistance in New
Zealand, New Zealand Vet. J., 49: 227-235.

Mangan, J.L., 1959. Bloat in cattle XI. The foaming properties of proteins, saponins,
and rumen liquor. NZ J. Agric. Res., 2: 47-61.

Martin, J.S. and M.M. Martin, 1983. Tannin assays in ecological studies precipitation of
ribulose-1,5-bisphosphate arboxylase/oxygenase by tannic acid, quebracho, and
oak foliage extracts. J. Chem. Ecol., 9: 285-294.

McKenna, P.B., CM. Alian, M.J. Taylor and K.G. Townsend, 1995: The prevalence of

-154- Zafar Igbal, et al, 2010



'NUTRITION & HUSBANDRY

anthelmintic resistance in ovine case subrnissions to animal health laboratcries in
New Zealand in 1993. New Zealand Ver. ., 43. 96-98.

McNabb, W.C., J.S. Peters, L.Y. Foo, G.C. Waghorn and F.S. Jackson, 1998. Effect of
condensed tannin prepared from several forages on the in vitro precipitation of
ribulose-1,5-bisphosphate carboxylase (Rubisco) protein and its digestion by
trypsin (EC 2.4.21.4) and chymotrypsin (E.C. 2.4.21.1). J. Sci. Food Agric., 7T:
201-212. '

McNabb, W.C., G.C. Waghom, T.N. Barry and LD. Shelton, 1993. The effect of
condensed tannins in Lotus pedunculatus on the digestion and metabolism of
methionine, cystine and inorganic sulphur in sheep. Brirish J. Nut., 70: 647-661.

McNabb, W.C., Waghorn, G.C., Peters, 1.S., Barry, T.N., 1996, The effect of
condensed tannins in Lotus pedunculatus on the solubilization and degradation of
ribulose-1,5-bisphosphate carboxylase (EC 4.1.1.39; Rubisco) protein in the
rumen and the sites of Rubisco digestion. Br. J. Nutr., 76: 535-549,

McSweeney, C.S., B. Palmer, D.M. McNeill and D.O. Krause, 2001. Microbial
interactions with tannins: nutritional consequences for ruminants. Anim. Feed
Sci. Tech., 91: 83-93.

Min, BR., TN. Barry, G.T. Attwood and W.C. McNabb, 2003. The effect of
condensed tannins on the nutrition and health of ruminants fed fresh temperate
forages: a review. Anim. Feed Sci. Technol., 106: 3-19.

Min, B.R., D. Miller, S.P. Hart, G. Tomita, E. Loetz and T. Sahlu, 2003a. Direct effects of
condensed tannins on gastrointestinal nematodes in grazing Angora goats. J. Anim.
Sei., 81¢(Suppl. 2): 23. (Abstr.)

Min, B.R., W. Pomroy, S. Hart and T. Sahlu, 2002. The effect of forage condensed tannins
on gastrointestinal parasite infection in grazing wether goats. J. Anim. Sci., 80
(Suppl. 1): 31. (Abstr.)

Min, B.R., W.C. McNabb, T.N. Barry, P.D. Kemp, G.C. Waghorn and M.F. McDonald,
1999. The effect of condensed tannins in Lotus corniculatus upon reproductive
efficiency and wool production in sheep during late summer and autumn. J. Agri.
Sci., 132: 323-334, '

Min, B.R.,, WE. Pomroy, S.P. Hart and T. Sahlu, 2004. The effect of short-term
consumption of a forage containing condensed tannins on gastro-intestinal
nematode parasite infections in grazing wether goats. Small Rumin. Res., 51: 279—
283,

Molan, AL, G.C. Waghom and W.C. McNabt, 1999. Condensed tannins and gastro-
intestinal parasites in sheep. Proc. New Zealand Grassland Assoc., 61: 57-61.

Molan, A.L., G.C. Waghorn and W.C. McNabb, 2002. Effect of condensed tannins on egg

Eg. J. of Sh. & G. Sci., Vol. 5 (1), P: 147- 163 -155-



f

3™ International Scientific Coaferemce on Small Ruminant Development, Hurghada,
Egypt, 12-15 April, 2010

hatching and larval development of Trichostrongylus calubnfomzs in vitro. Vet.
Rec., 19: 65-69.

Molan, A.L., G.C. Waghorn, B.R. Min and W.C. McNabb, 2000. The effect of condensed
tannins from seven herbages on Trichostrongylus colubriformis larval migration in
vitro. Folia Parasitologica, 47: 39-44.

Niezen, J.H., G.C. Robertson, G.C. Waghom and W.A.G. Charleston, 1998. Production,
fecal egg counts and worm burdens of ewe lambs which grazed six contrasting

forages. Vet. Parasitol., 80: 15-27.

Niezen, J.H., G.C. Waghom and W.A.G. Charleston, 1998a. Establishment and fecundity
of Ostertargia circumcincta and Tricostrongylus colubriformis in lambs fed lotus

(Lotus pedunculatus) or perennial ryegrass (Lolium perenne). Vet. Parasitol., 78:
13-21.

Niezen, J.H.,, W.A.G. Charleston, H A. Robertson, D. Shelton, G.C. Waghom and R.
Green, 2002. The effect of feeding sulla (Hedysarum coronarium) or lucerne
{Medicago sativa) on lamb parasite burdens and development of immunity to
gastrointestinal nematodes. Ver. Parasitol., 105: 229-245.

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

.. Paolini, A, 1. Fouraste and H. Hoste; 2004. In vitro effects of three woody plant and

- sainfoin extracts on 3" stage larvae and adult worms of three gastrointestinal
nematodes. Parasitol., 129: 69-77.

. Paolini, V., F. De La Farge, F. Prevot, Ph. Dorchies and H. Hoste, 2005. Effects of the
... repeated distribution of sainfoin hay on the resistance and the resilience of goats
_ naturally infected with gastrointestinal nematodes. Vet. Parasitol., 127: T1-283.

Paolini, V., J.P. Bergeaud, C. Grisez, F. Prevot, Ph. Dorchies and H. Hoste, 2003. Effects

of condensed tannins on goats experimentally infected with Haemonchus contortus.
Vet. Parasitol., 113: 253-261.

Paolini, V., P. Dorchies and H. Hoste, 2003a. Effect of sainfoin hay on gastrointestinal
nematode infections in goats. Vet Rec., 152: 600-601.

Pritchard, D.A., D.C. Stocks, BM. O’Sullivan, P.R. Martin, LS. Hurwood and PK.
~O’Rourke, 1988. The effect of polyethylene glycol (PEG) on wool growth and
liveweight of sheep consuming Mulga (Acacia aneura) diet. Proc. Aust. Soc. Anim.

-156- Zafar Igbal, et al, 2010



NUTRITION & HUSBANDRY
- Prod., 17: 290-293,

Pritchard, D.A., P.R. Martin and P.X. O’Rourke, 1992. The role of condensed tannins in

the nutritional value of Mulga- (Acacia ancura) for sheep. Aust. J. Agri. Res., 43:
1739-1746.

Redwane, A., HB. Lazrek, S. Bouallam, M. Markouk, H. Amarouch and M. Jana, 2002.
Larvicidal activity of extracts from Quercus lusitania var. infectoria gatls (Oliv.). J.
Ethnopharmacol., 79. 261-263.

Reed, J.D., 1995. Nutritional toxicology of tannins and related polyphenols in forage
legumes. J. Anim. Sci., 73: 1516-1528.

Swain, T., 1979. Tannins and lignins. In: Rosenthal, G.A. and Janzen, D.H. (Eds.),
Herbivores: Their Interaction with Secondary Plant Metabolites, Academic Press,
New York, pp. 657-682.

Tanner, G.J., P.J. Moate, L.H. Davis, RH. Laby, Y.-G. Li, and P.J. Larkin, 1995.
Proanthocyanidins (condensed tannin) destabilize plant protein foams in a dose
dependent manner. Aust. J. Agric. Res., 46: 1101-1109.

Terrill, T.H., W.R. Windham, C.S. Hoveland and H.E. Amos, 1989. Forage
preservation method influences on tannin concentration, intake, and digestibility
of sericea lespedeza by sheep. Agron., J. 81: 435-439.

Terrill, T.H., G.B. Douglas, A.G. Foote, R.W. Purchas, G.F. Wilson and T.N. Barry, 1992.
Effect of condensed tannins upon body growth and rumen metabolism in sheep
grazing Hedysarum coronarium and perennial pasture. J. Agri. Sci., 119: 265-273.

Thompson, D. and T. Geary, 1995. The structure and function of helminth surfaces. n:
Marr, J., M. Muller, (Eds.), Biochemistry and Molecular Biology of Parasites.
Academic Press, pp. 203-232.

Ulyatt, M.J., ].A. Lancashire and W.T. Jones, 1976. The nutritive value of legumes. Proc.
New Zealand Grassl. Assoc., 38: 107-118.

Vermunt, J.J., D.M. West and W.E. Pomroy, 1995. Multiple resistance to ivermectin and
oxfendazole in Cooperia species in cattle. Ver. Rec., 137: 43-45.

Waghom, G.C. and AL. Molan, 2001. Digestion and effect of condensed tannins in

Dorycnium rectum on its nutritive value and on Anthelmintic properties. Proc. New
Zealand Grass. Assoc., 63: 273-277.

Waghom, G.C., A. John, W.T. Jones and LD. Shelton, 1987a. Nutritive value of Lotus
coriculatus L. containing low and mediumn concentrations of condensed tannins for
sheep. Proc. New Zealand Soc. Anim. Prod., 47: 25-30.

Waghorn, G.C. and W.T. Jones, 1989. Bloat in cattle 46. Potential of dock (Rumex
obtusifolius) as an antibloat agent for cattle. NZ J. Agric. Res., 32: 227-235

Eg. J. of Sh. & G. Sci., Vol. 5 (1), P: 147- 163 -157 -



3™ International Scientific Conference on Small Ruminant Development, Hurghada,
Egypt, 12-15 April, 2010

Waghomn, G.C., Shelton, 1.D., McNabb, W.C., McCutcheon, S.N., 1994. Effects of
condensed tannins in Lotus pedunculatus on its nutritive value for sheep 2.
Nitrogenous aspects. J. Agric. Sci. (Cam), 123: 109-119.

Waghorn, G.C., ML]. Ulyatt, A. John and M.T. Fisher, 1987. The effect of condensed
tannins on the site of digestion of amino acids and other nutrients in sheep fed on
Lotus corniculatus L. Br. J. Nutr., 57: 115-126.

Waller, P.J., 1999. International approaches to the concept of integrated control of
nematode parasites of livestock. Int. J. Parasitol., 29: 155-164.

Wang, Y., G.B. Douglas, G.C. Waghorn, T.N. Barry, A.G. Foote and R.-W. Purchas,
1996a. Effect of condensed tannins upon the performance of lambs grazing Lotus
corniculatus and lucerne (Medicago sativa). J. Agri. Sci., 126: 87-98.

Wang, Y., G.B. Douglas, G.C. Waghorn, T.N. Barry and A.G. Foote, 1996b. Effect of
condensed tannins in Lotus corniculatus upon lactation performance in ewes. J.
Agric. Sci. (Cam), 126: 353-362.

Wang, Y., G.C. Waghomn, T.N. Barry and LD. Sheiton, 1994. The effect of condensed

tannins in Lofus corniculatus on plasma metabolism of methionine, cystine,
cystine and inorganic sulphate by sheep. Br. J. Nutr,, 72: 923-935.

Wang, Y., G.C. Waghomn, W.C. McNabb, T.N. Barry, M.J. Hedley and L.D. Shelton,
1996¢. Effect of condensed tanmins in Lotus comiculatus upon the digestion of
methionine and cysteine in the small intestine of sheep. J. Agri. Sci., 127: 413-421.

Wiegand, R.O., ].D. Reed, D.K. Combs and A N. Said, 1996. Leaves from tropical
trees as proiein supplements in diets for sheep. Trop. Agric., 73: 62-68.

Windham, W.R., J.C. Peterson and T.H. Terrill, 1990. Tannin as anti-quality factor in
forage. pp. 127-135. In: D.E. Akin, L.G. Ljungdahl, J.R. Wilson and P.J. Harmis,
(Eds.), Microbial and Plant Opportunities to Improve Lingocellulose Utilization by
Ruminant. Elsvier Science publishing Co., inc., New York.

Woodward, S.L., M.J. Auldist, P.J. Laboyrie and E.B.L. Jansen, 1999. Effect of Lotus
corniculatus and condensed tannins on milk yield and milk composition of dairy
cows. Proc. New Zealand Soc. Anim. Prod., 59: 152-155.

-158- Zafar Iqbal, et al, 2010



NUTRITION & HUSBANDRY

Table 1. Condensed tannin content and/or beneficial/toxic action of different plants

Plant Content | Toxic/beneficial effect Reference (s)
(% DM} .

Acacia - Damage to the structure of intestinal | Brooker et al.,
aneura villi for a prolonged period 2000
Acacia 12.00 Reduced dry matter intake, wool | Pritchard et al.,
aneura growth, and nitrogen and sulphur | 1988, 1992

digestion
Acacia >5 Antinutritional effects Pritchard et al.,
aneura 1988
Acacia karoo | 2.22 Reduction in feed conversion | Kahiya et al,
Acacia 0.17 efficiency (FCE) 2003
nilotica
Festuca 0.20 Lesser immune response as | Mineral, 2003a
arundinacea compared to Lespedeza cuneata
Dietary CT - May enhance animals’ immune | Niezen et dl.,

response to the parasite infection 2002; Min et al.,

2003a -

Eucalyptus >5.00 | Anti nutritional effects Foley and
Melliodora . Hume, 1987
Hedysarum - Higher antibody titers of secretory- | Niezen er al.;
coronarium excretory antigens against adult | 2002

WOrms
Hedysarum 10.00 Reduced FCE and parasite burdens | Niezen er al,
coronarium 1995; 1998,

1998a
Hedysarum 520 Fed to sheep and goats, had a higher | Ulyatt e al.,
coronarium nutritive value 1976, Niezen et
Lespedeza al., 1995; Min et
cuneata al., 2003a
Hedysarum 4.00- Increased wool growth rate Terril et al,
coronarium 5.00 1992
Hedysarum - Diarrhoea associated with a heavy | Niezen ef al.,
coronarium parasite burden could be alleviated | 1995
| by feeding PA-containing

Khaya - Anthelmintic activity Ademola et al.,
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Plant Content | Toxic/beneficial effect Reference (s)
senegalansis 2004
Lotus - Higher live weight gain, carcdss | Hoskin et al,
corniculatus weight and carcass dressing-out per | 2000
-centage, higher serum total protein
and albumin concentration, and
lower serum gastrin concentration
and faecal lungworm larval count,
compared with lucerne-fed deer
Lotus - Protect plant proteins against rumen | Waghomn e al
corniculatus degradation and increase the flow of | 1987, 1994
amino acids to the small intestine
Lotus 2.00- Increased absorption of essential | Waghom et al.,
corniculatus | 4.00 amino acids from the small intestine | 1987a
by 62%
Lotus - Increased milk and wool production | Barry and
corniculatus in sheep McNabb, 1999;
Min et al., 1999
Lotus 1- Increased milk production in dairy | Woodward ez al.,
‘corniculatus - COWS 1999
Lotus 2.00- Increases in wool growth (11%), | Terrill et al.,
corniculatus | 4.00 live weight gain (8%), milk yield | 1992; Wang et
' (21%) and ovulation rate (15-30%) { al., 1996, 1996b;
without increasing voluntary feed | Min et al., 1999
intake, thus improving production
efficiency
Lotus. 3.00 Increased absorption of plant | Wang et al,
corniculatus methionine and cysteine 19%6b
Lotus 4.00- Increased production of milk | Wang ef al., 1996
corniculatus 1-3.00 protein lactose
Lotus 500 | Increased net absorption of | McNabb et al.,
comniculatus | 6.00 methionine and increased supply of | 1993
' cystine for body synthetic reactions
Lespedeza 5.20 Greater immune response Min et al., 2003a
cuneata
Lespedeza 4.60 57% reduction in FEC and a 61% | Min et al., 2002
cuneata reduction in total fecal egg output in
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Plant | Content | Toxic/beneficial effect Reference (s)
: (% DM) ’ e ‘
goats A - .
Lotus - Absorption of P is greater (22%) | Waghorn et al.,
pedunculatus throughout the GI tract due to CT 1994
Lotus 6.00- | Depressed voluntary _féed intake, | Terrill et al,
pedunculatus | 12.00 inhibited rumen fibre digestion and | 1992; Wang et
reduced animal productivity al., 1996, 1996b;
Min et al., 1999
Lotus 6.30- Depressed feed intake, digestibility, | Barry and
pedunculatus | 0.60 and animal production in sheep Duncan, 1984,
Waghom er al,
1994
Lespedeza >5.00 Antinutritional effecis Windham et al.,
cuneata 1990
Lespedeza 4.60 Reduced fecal egg production Min ef al., 2004
cuneata
Lotus - Reduced the rate of larval| Molan e al,
pedunculatus development (91%), eggs hatching | 2000
Lotus (34%) and mobility of L; larvae
corniculatus (30%)
Hedvsarum
coronarium
Onobrychis
viciifolia
Lotus 5.00 To prevent rumen frothy bloat in | Barry and
corniculatus cattle McNabb, 1999
Lotus 2.20- Increase the absorption of amino | Waghorn et al,
pedunculatus | 3.50 acids from sheep small intestine 1987a ‘
Lotus 6.00 Reduced voluntary intake and fibre | Barry and
pedunculatus digestibility Duncan, 1984
Lotus 8.00— Reduced rates of body and wool | Barry, 1985
pedunculatus | .00 growth
Lotus 9.00- Reduced rumen fibre digestion Barry et al., 1986
pedunculatus { 10.00 g
Lotus 5.00- Reduced dry dry matter intake and | Waghom et al.,
Eg. J. of Sh. & G. Sci., Vol. 5 (1), P: 147- 163 - 161 -




!

3" International Scientific Conference on Small Ruminant Development, Hurghada,

-162-

 Egypt, 12-15 April, 2010
Plant Content | Toxic/beneficial effect Reference (s)
_ (% DM)
pedunculatus | 6.00 reduced % digestion of amino acids | 1994
in small intestine
Lotus spp. - Reduced establishment of O. | Niezen et al,
circumcincta worms 1998
Onobrychis - Decrease in faecal egg output Paolini et al.,
viciaefolia 2003a
Onobrychis - Inhibit egg hatching and larval | Molan e al.,
viciifolia development of Trichostrongylus | 1999; Waghomn
Lotus colubriformis ' and Molan, 2001;
corniculatus ;&Oglan et al,
Lotus 2
pendunculatus
Dorycnium
rectum
Dorycnium
pentaphyliom
Onobrychis 5.00- Fed to sheep and goats, had a higher | Ulyatt er al.,
viciifolia 8.00 nutritive value 1976, Niezen et
al., 1995; Min ef
al., 2003a
Onobrychis - Lower levels of nematode egg | Paolini et al,
viciifolia excretion, reduced intestinal worms | 2005
Scop. (50%), better host resilience
Quercus — Larvicidal agents Redwane et dl.,
lusitania var. 2002
infectoria
Rubus 7.40 Inhibitory effect on L, and aduit | Paclimi ef al.,
fructicosus worms of Teladorsagia | 2004
Quercus 5130 circumcincta, Heamonchus
robur contortus and  Trichostrogylus
Coryias 1420 clubriformis
avellana
Rumex - Bloat could be eliminated Waghomn and
oblusifolius Jones, 1989
Schinopsis - | - Decreased the viability of I; of | Athanasiadou et
i Haemonchus contortus,
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Toxic/beneficial effect -

Plant Coutent Reference (s)
(% DM)
spp. Teladorsagia  circumcincta and | al.,, 2001
(Quebracho: Trichostrongylus vitrinus and in
CcT) sheep decreased faecal egg count
and wormn burden and improve the
performance of parasitized sheep
- Reduced FEC Paolini er al.,
2003
Spondias - Anthelmintic activity Ademola er dl.,
mombin 2005
Crataegus - Used as an astringent for the | Haslam, 1996
Spp- digestive system in humans
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