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EFFECT OF CONDENSED TANNIN ON PROTEIN DI GESTION AND NUTRI Tl VE
VALUE OF FRESH HERBAGE

G C.  WAGHORN*

SUMMARY

Condensed tannins (CT) are polyneric flavanols that occur in a variety of
plants including lotus, sainfoin, dock and nulga. CT are not toxic to
rum nants, and when the concentration is below about 4% of dry natter (DM,
they inprove the nutritive value of herbage by binding to plant proteins and
protecting them from excessive degradation in the rumen. The percentage
absorption from the intestine is reduced, but the net effect of CT is to
increase the anmpunt of essential amino acids (AA) absorbed by 20-50% conpared
to plants without CT. Sheep fed herbage containing CT have an increased
absorption of sul phur-AA which should increase wool production, have I|eaner
carcasses, and CT prevent bloat in cattle.

| NTRODUCTI ON

Condensed tannins occur in several plants commonly eaten by rumnants.
Exanpl es include Lotus corniculatus (Birdsfoot trefoil), Lotus pedunculatus
(lotus mmjor), Sainfoin (Onobrychis viciifolia, Scop.), dock (Rumex
obtusifolius) and Mil ga (Acacia aneura, Bonth). Common plants having |ow CT
concentrations include Lotus corniculatus, Lotus pedunculatus grown under high
fertility conditions and sainfoin, but none of these species persist under high
fertility pastoral regines. When concentrations of CT are high, exceeding
about 6% of the DM they have a detrinental effect on nutritive value for
ruminants by reducing intakes and digestibility (Barry and Duncan 1984,
Pritchard et al. 1988). In contrast, |ower concentrations of CT, under about
4% of DM appear to have very considerable benefits to rum nant digestion.

This paper summarises sone effects of CT in low concentrations on protein
digestion and nutritive value of herbages and presents prelinmnary results from
recent experinents with Lotus peduncul atus.

CONDENSED TANNINS

Condensed tannins (polyneric flavanols) are derived by carbon-carbon
pol ynerisation of [|eucoanthrocyanidins and catechins. Mol ecul ar wei ghts range
from about 6000 in lotus to 28000 in sainfoin but CT account for only a
proportion of the total phenol content of the plants. Large nol ecul ar wei ght
CT are less able to align thenselves between plant proteins in rumen digesta,
and are therefore less astringent and reactive towards proteins (Mangan 1988).

CT are released during nastication and rapidly bind to plant proteins formng
an insoluble CT-protein conplex which is stable at rumen pH, but is able to
dissociate at pH below 3.5 (Jones and Mangan 1977). Less plant protein is |ost
as ammoni a during rumen digestion and therefore nore plant protein passes to
the intestines for enzymc digestion, In addition, the precipitation of
soluble proteins effectively renpves one of the primary factors involved in
foam stabilisation, so that bloat does not occur when CT are present in the
diet (Jones and Waghorn unpublished data),

A property which has proved nost useful in studies evaluating the effectiveness
of CT (e.g. Barry and Duncan 1984; wWaghorn et al. 1987b), and which may have
field applications (Pritchard et al. 1988) is the preferential binding between
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CT and pol yethyl ene glycol (PEG. Wen PEG is applied to forages containing
CT, given orally, or infused into the rumen with digesta containing CT it binds
the CT so that the CT-protein conplex does not form (Jones and Mangan 1977).
The forage retains its nutritive characteristics but is essentially 'CT-free'.
This binding affinity between CT and PEG has been used to evaluate the effects
of CT on digestion when feeding lotus to sheep by giving half of them PEG so
that in effect a 'CI-free' lotus is conpared with the control.

NI TROGEN DI GESTI ON

Sheep fed herbages containing |ow concentrations of CT have nore non-ammoni a

nitrogen (NAN) reaching the small intestine than sinilar herbages w thout CT
(Waghorn et al. 1987a) resulting in an inproved essential AA energy ratio
conpared to that with other fresh forage diets. Results from 10 netabolic

studies with lotus and sainfoin, all containing |ow concentrations of CT
(Waghorn et al. 1990), showed an inproved performance (N retention, AA
absorption, protein: energy absorption) when conpared to equivalent diets
wi t hout CT. The nutritional benefits were due primarily to the protection of
plant proteins from nicrobial degradation in the rumen and the resultant
increase in protein flow to the intestine, and not to increased N digestion.

Table 1 Ef fect of condensed tannins on digestion when given to sheep fed
fresh lotus (first cut) with and without an intra-rumnal infusion of

PEG
Lotus corniculatus (2.2% CT) Lotus pedunculatus(5.5% CT)
Control PEG Sig. Control PEG Sig.
Number of sheep 4 4 8 6
DM intake (g/d) 1400 1461 n.s. 1168 1312 *
DM digestibility (%) 69 71 n.s. 68 70 n.s.
N intake (g/d) 37.8 39.4 n.s. 43.5 47.6 *
Rumen NH3 (mg N/1) 367 504 hxK 175 458 *hK
Nitrogen digestion (% of intake)
Total 70 78 XKk 66 81 'T13
Rumen 12 21 * 12 26 *
Small intestine 52 56 n.s. 53 55 n.s.
Essential amino acid fluxes (g/day)
Intake 112 117 n.s. 104 117 *
Abomasal flux 95 66 *% 123 106 *k
Absorption 69 46 *% 78 83 n.s.

PEG, polyethylene glycol (m wt. 3300) given at about 1.5 g/g CT; DM, dry
matter; N, nitrogen; n.s., not significant; *, P<0.05; **, P<0.01l; **x*, P<0.001.

In addition to the increased quantity of protein reaching the small intestine
(Table 1), CT affected protein quality. This has been denpbnstrated in sheep
fed Lotus corniculatus containing 2.2%CT in the DM with or w thout an intra-
rum nal infusion of PEG (Waghorn et al. 1987b). Control sheep had a 50% hi gher
flux and a 62% greater absorption of essential AA conpared to those infused
with PEG (ie. 'CT-free'). Non essential AA were largely unaffected by CT
(Table 1). More recently we found that sheep fed Lotus peduncul atus (5.5% CT
in the DM had a 30% increase in flux of essential AA including sul phur AA
(W.C. McNabb, unpublished data) and a 25% i ncrease in non essential AA flux to
the intestine conpared to those given the same diet and an intra-runinal
infusion of 100 g PEG day. This conparison is based on equal |evels of intake,
but—5.5% CT resulted in a 12% reduction in DM intake after 3 weeks offeeding
so that the gains achieved through protection from rumen degradation were
consi derably reduced. Quantities of essential AA absorbed fromthe intestine
were simlar for both groups (Table 1), but control sheep retained 42% nore N
(P<0.05) than those infused with PEG.
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In both trials protein was protected from degradation in the rumen by CT, but
CT al so reduced the apparent absorption of AA from the intestine, especially
with 5.5% CT in the feed (Table 1). Reduced absorption negates sone of the
advant age gained from protection of plant proteins from degradation in the
rumen. The cause of the reduced AA absorption may be a rapid rise in
intestinal pH enabling the CT-proteinconplexes to re-form (Jones and Mangan
1977) and reduce enzym c digestion of the protein. Al ternatively, the CT may
al so bind endogenous proteases and reduce their effectiveness for digestion.

DI GESTION OF NON PROTEI N CONSTI TUENTS

Low concentrations of CT (2.2% of DM did not affect fibre digestion when Lotus
corniculatus was fed to sheep (Waghorn et al. 1987b) but when Lotus
peduncul atus containing $.5% CT in the DM was given there was a 13% increase in
cellulose digestion in the rumen, possibly as a consequence of a |onger
retention tinme. Intakes of control sheep given Lotus peduncul atus declined
from 1320 g DM day during the first two weeks of feeding to 1220 g DM day over
the following 10 days (P<0.05). At slaughter these sheep had a |arger rumen
volune (484 g DM than those receiving intra-rumnal PEG (420 g DM NS) despite
DM intakes for the 24 h prior to slaughter of 1128 and 1334 g respectively
(P<0.05). The concentration of volatile fatty acids (VFA) in rumen digesta of
control sheep was only 67% of that in sheep infused with PEG (P<0.001),
suggesting a slower rate of fernentation in the control group.

Both trials with lotus (2.2 and 5.5% CT) showed a significant (P<0.01)
reduction in apparent absorption of sul phur from the rumen in controls conpared
to PEG sheep (0.29 v 0.94 g/day with 2.2% CT, and 0.53 v 1.13 g/day with 5.5%
CT lotus). Phosphorus absorption was affected when CT was 5.5% of DM with a
hi gher (P<0.01) apparent absorption in the control sheep (0.41 g/day) then
those infused with PEG (0.31 g/day). This may have been a consequence of the
hi gher N retention by the control sheep,

EFFECT OF CT CONCENTRATION | N FORAGE DM

When CT concentrations exceed about 4% of herbage DM the beneficial effects
begin to dimnish, however at present the lower linmit below which CT becone
ineffective is not known, John and Lancashire (1981) showed lotus with 1.45%
CT in the DMinproved N retention relative to lotus with only 0.25% CT in the
DM However, in a trial wth dock Waghorn and Jones (1989) showed CT
concentrations of only 0.17% in the herbage DM affected rumen function. In
that trial docks (with 1.7% CT in the DM were fed as 10% of intake to cows,

the renminder of the diet being predom nantly | ucerne. The CT lowered the
concentration of soluble protein in rumen contents (P<0.05) and in this
instance al so prevented bl oat - Thus sonme benefits may result from very |ow
concentrations of CT in the diet.

Hi gh concentrations CT do not appear to affect palatability. Wth Lotus
peduncul atus (5.5% CT) the sheep prefered |eaves containing 8. 5% CT in their DM
to the stems with 2.2% CT in the DM  This has inportant inplications, because
CT from one plant species have been shown to bind proteins from another species
(Waghorn and Jones 1989) so that plants containing high concentrations of CT in

their foliage may have an inportant place as a minor pasture conponent. When
consumed with other pasture conponents by the grazing animal, this would result
in a diet having an overall |ow concentration of CT, and evidence to date

-suggests that this diet would have an inproved nutrition val ue.
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Do CT ALWAYS WORK?

In the mpjority of sheep CT protect proteins from degradation in the rumen,
however we have observed anomal ous behaviour by a few sheep in two trials.

When Lotus pedunculatus (5.5% CT) was fed, the protection of proteins from
rumen degradation was minimal in three of the eight sheep in the control group.

The CT did reduce the percentage of AA apparently absorbed from the intestine
in these sheep, so that the CT in fact reduced the net apparent absorption of
AA. In the remaining sheep CT increased the essential AA flux from the rumen by
42% over that for sheep infused with PEG In a separate trial, again involving
Lot us pedunculatus. one of six control sheep had rumen anmonia concentrations
three tines that of the others, again suggesting an extensive protein
degradation in the rumen of that sheep despite the presence of CT.

These rather inportant observations should not be ignored. It appears that CT
do not always reduce mcrobial degradation of plant proteins in the rumen, in
whi ch case the question nust be asked, do some sheep have a microbiota able to
degrade CT? If so, this would have serious inplications for any program
designed to genetically engineer clovers to express CT in their foliage.

A further problem which should be addressed concerns the reduction in apparent
absorption of AA fromthe intestine in the presence of CT. If CT could be
engi neered so that binding with proteins occurred at a higher pH above 5.5 for
exanpl e, then the absorption of AA from proteins which had been protected from
rumen degradati on would be much greater.

CONCLUSI ONS

Incorporating CT into forage diets at a concentration between 1 and 4% of DMis
likely to result in significant advantages in terns of rumnant feed efficiency

and productivity. Efficiency will be achieved by inproving the ratio of
protein:energy absorbed. Productivity will be inproved by increasing the net
absorption of protein. Al though there have been conparatively few field
trials, lotus fed lanbs are |eaner than those fed white clover (Purchas and

Keogh 1984). The increased absorption of sulphur AA with CT, (McNabb
unpubl i shed) may result in a higher wool production, (Reis et al.) and in
addition bloat does not occur in cattle fed forages containing CT.
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