THE CONDENSED TANNI N CONTENT OF LOTUS PEDUNCULATUS
AND | TS RELATIONSH P TO AM NO ACID SUPPLY AND
VOLUNTARY | NTAKE
T.N.  BARRY*

SUMVARY

The condensed tannin content of Lotuspedunculatus (cv G assl ands
Maku) was 20-40 g/ kg DM when grown under high soil fertility conditions
and 80-90 g/ kg DM when grown in acid soils of low fertility. ~In the
range 0-90 g/ kg DM some 9% of total condensed tannin could not be bound
by mascerates of the plant and was designated free tannin; increments in
total condensed tannin above 90 g/kg DM all appeared as free tannin.

Nitrogen flow at the duodenum of sheep fed fresh low (46 g/kg DV
and high (106 g/ kg DM tannin [otus were greater than predicted for diets
of non-tannin containing fresh forages, Wth post-ruminal digestibility
of NAN being respectively 71 and 67¢. Runinal digestion of RFC and
hemicellulose was depressed at both condensed tannin concentrations.

Vol untary intake was less for high-tannin than for lowtannin |otus
and spraying lotus with PEG to bind the condensed tannins increased M
intake 44% Daily drenching with PEG increased the growth of |anbs
grazing areas oversown with lotus by 40 g/d, but had no effect upon the
growth of lambs grazing areas oversown with clovers.

1t was concluded that presence of condensed tannins increased
amno acid supply of sheep fed lotus (29% ME), conpared with sheep fed
ryegrass Of white clover (20% ME). However, high contents of condensed
tannins also depressed lotus voluntary intake. Methods of overconing
I nt ake restriction,and application of the results to tannin - containing
forages grown in Australia are discussed.

| NTRCDUCT! ON

Grazing rumnants in New Zeal and (N2) consune fresh forages of high
metabolizable energy (ME) content (11 MJy/kg DM and total N content (35
g/ kg DM for nost of the annual production cycle. The proteins in
grazed forages, predominately perenni al ryegrass/white cl over m xtures,
are markedly degraded in the rumen (70% and duodenal protein flowis
consi derably less than protein intake (MacRae and U yatt 1974; Uyatt
el al. 1975). ~abomasal protein infusion experiments showed that am no
acid absorption fromthe small intestine (17% ME intake) was insufficient
for maximumrates of protein deposition in growing lanbs (17 kg)' fed
fresh ryegrass/white clover ad_|ibitum (Barry 1982) .A subsequent review
(Barry 1983) concluded that amino acid absorption was likely to be bel ow
the requirenents of lactating ewes and dairy cattle, and recomended
nutritional evaluation of |egumes containing condensed tannins as a
means of increasing amno acid supply in rumnants fed fresh forages.

* . .
Invermay Research Centre, Private Bag, Msgiel, New Zeal and.
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CONDENSED TANNINS AND PROTEIN SOLUBI LI TY

Condensed tannins are polyners of the phenolic conpounds
del phinidin and cyanidin (Mw 300). In tenperate species, condensed
tannins occur in the |leaves and stenms of sainfoin (Onobrychisvietiifolia,
MW 17,000-28,000) and in the |leaves and stens of Lotus species (MW 6,800~
7,100) (Jones et al. 1976). They occur in the flower petals only of
Trifolium species, and have not been detected in either |ucerne (Medicago
sativa) Or t he conmon tenperate grasses.

During disintegration of the plant material, such as chew ng by
ani mal s, condensed tannins react by hydrogen bonding with proteins to
form a complex. The condensed tannin:protein conplex is stable and
insoluble in the pH range 3.5-7.0, but is unstable and rel eases protein
at pH <3.0 and at pH 8.0 (Jones and Mangan 1977). Theoretically,
condensed tannins should be able to increase amno acid supply in
rumnants fed fresh forages, as the range where the tannin:protein
complex is insoluble in cdudes rumen pH (5.5-7.0), and the pH where
protein is released by the conplex corresponds with pH in the abomasum
and snmal| intestine. Because of the precipitation of forage proteins at
rumen pH, | egumes containing condensed tannins are also bloat resistant
(Jones et al. 1973).

Condensed tannins should not be confused with hydrolysable tannins,
which are polymers of gallic or hexahydroxydi phenic acid with a carbohy-
drate (McLeod 1974). The pH v solubility of hydrolysable tannin:protein
conpl exes differs from those of condensed tannins, and chenical nethods
that do not differentiate between the two forns oftannin will not yield
reliable nutritional information. In NZ, condensed tannins in forage
pl ants are routinely determ ned by the vanillin-HC1 procedure (Broadhurst
and Jones 1978). Henceforth, the use of tannin in this paper refers to
condensed tannins.

Pol yet hyl ene glycol (PEG MN4000) fornms a sol ubl e complex with
condensed tannins (Jones and Mangan 1977) , and this principle can be used
to either prevent protein reacting with condensed tannin or to displace
protein from a pre-forned tannin:protein conpl ex.

LOTUS PEDUNCULATUS

Grassl ands "Maku" |otus is a tetraploid selection of Lotus
pedunculatus made to suit N.z. conditions (Armstrong 1974). It can
tolerate lower levels of soil fertility than white clover, and is being
extensively used in South Island H || cCountry devel opment programmes On
acid soils (pH 4.5-4.8) that are deficient in both available phosphate
() and sul phur (s). Under conditions of mniml fertiliser input, Maku
| otus has substantially out yielded white clover. Unless stated ot her-
wise, the termlotus in this paper refers to Maku |otus.

Lotus has proved a poor conpetitor when grown at normal soil pH
(5.8-6.5) with high levels of available soil P and S, and swards rapidly
becone infested with weed species, clover and grasses. In this paper
reference is made to lotus grown in plots of high fertility soil only as
an experinmental tool. Such plots required extensive herbicide treatnent
to check conpeting species.



121

roTus CONDENSED TANNI N CONTENT

In high fertility soils, the condensed tannin content of |otus was
10-30 g/ kg DM when grown in the North Island (John and Lancashire 1981)
and 20-40 kg when grown inthe SouthIsland (Barry and Forss 1983).
However, when grown inlowfertility Hill Country soils under conditions
of low fertiliser input (10 kgP + 10 kg S/ ha/annum) we routinely record
condensed tannin concentrations of 80-90 g/kg DM with occasional val ues
up to 120-140 g/ kg DM when grown under very cold conditions. These
| evel s can be reduced through fertiliser application (Table 1), with
conbinations of P and S being most effective. Condensed tannin content
was negatively correlated with plant DMyield (r = -0.94; P<0.001), each
100 kg/ha increase in yield reducing the. tannin content by 6.7 g/ kg DM
(Barry & Forss 1983).

TABLE 1 Condensed tannin content of primarygrowh Lotus pedunculatus
grown at a low soil fertility site as effected by fertiliser

application

Fertiliser S (kg/annum) 0 50 SED
Fertiliser P (kg/annum) 0 10 40 0 10 40

DM yield (kg/ha) 5 23 76 83 531 575 88.8
Condensed tannin (g/kg DM) 86 92 85 80 51 54 14.9
Total N (g/kg DM) 34.4 33.1 36.3 39.6 45.2 48.3 3.51
Total S (g/kg DM) 1.2 1.5 1.9 2.5 2.6 2.7 0.28
Total P (g/kg DM) 1.0 2.4 4.0 2.4 2.9 4.0 0.37

Barry and Forss (1983)

V¢ have also developed an analytical nethod to nmeasure the anount
of tannin not bound by fine mascerates of |otus plants, and this has
been designated "free" condensed tannin (Barry and Forss 1983).

Rel ationships between free and total tannin contents in lotus (Fig. 1)
have shown that over the range 0-90 g/ kg DM of total tannin some 9% of
this is in the free form Increments in total tannin above 90 g/ kg DM
were all released in the free form, the tannin:protein complex apparently
being saturated with condensed tannin. By definition, free tannin wll
not be bound by the plant after it is chewed by animals, and will
therefore be released into the environment of the rumen. Free tannins
are water soluble, have a high affinity for proteins, and are known to
precipitate mcro-organism and digestive enzynes (McLeod 1974). A
conprehensi ve eval uati on programme i s therefore being undertaken at
Invermay t0 exanmine voluntary intake and digestion of lotus as affected
by condensed tannin content. All experinents have been conducted using
fresh lotus individually fed to sheep.

3

Fig. 1. Free condensed
tannin concentration in
Lotus pedunculatus as a
function of total condensed:
1 N - —d . o
20 30 20 tannin concentration.

Total (g/kg DM)

Free (g/kgOM)
<}
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VOLUNTARY | NTAKE

Parry & Duncan (1983) generated | ow tamin (46 g/ kg DM and high
tannin (106 g/kg DM forms of lotus by growing the plant under high and
owl evel s of soil fertility. Free tannin conprised respectively 3.0 and
14.2 g/kg DM Vol untary ME intakes (MJ/kg |iveweight (w °°7%/d) were
less for high tannin (0.77) than for low tannin (0.89) Iotus.

As growing lotus under two extremesofsoil fertility resulted in
changes in concentration of a nunber of plant constituents in addition
to tannin, an experinment was conducted where | otus was sprayed with PEG
(mv3350) before feeding to specifically bind condensed tannins. |t was
assuned that all the PEG ingested was quantitatively excreted in the
faeces, and as condensed tannins bind to PEG in preference to protein
(Jones & Mangan 1977) this effectively |owered the quantity of tannin
available to react with plant constituents and enzymes in the rumen.
Tanni n which had not reacted with PEG and could be neasured by the
vani | lin-HCL procedure, was defined as total reactive condensed tannin.

When the total reactive condensed tannin content of lotus was
reduced from63 to 7 g/kg DM by spraying with PEG (Table 2), the apparent
digestibility of structural carbohydrate (CHO) was increased 13% (p<0.01)
and voluntary ME intake increased 44% (p<0.05) (Barry & Duncan 1983).
This shows that condensed tannin content in the medium range was
depressing voluntary energy intake, and could conceivably have depressed
intake of the low as well as the high tannin [otus in the earlier
conpari son,

TAELE 2 Vol untary intake and apparent digestibility of l|otus as
affected by reducing the total reactive condensed tannin
content through spraying with PEG mw 3350)

PEG addition

SED

- +
Total condensed tannin (g/kg DM) 62.9 6.8
Free condensed tannin (g/kg DM) 5.4 0.5
Apparent ) Cellulose (%) 52.7 57.9 2.62
Digestibility ) Hemicellulose (%) 50.6 58.9 2.01
Voluntary ) MJ ME/kgw’"7%/q) 0.48 0.69 0.097

intake ) .

Barry and Duncan (1983)
SITES OF DI GESTION

Sites of digestion of OM CHO and nitrogen have al so been determ-
ined i n wether sheep fed the wwtannin and high tannin lotus referred
to earlier (Barry & Manley 1983). Dry matter fed was 750 g/d, given at
hourly intervals. Faecal output was nmeasured by direct collection, and
duodenal flows estimated fromintra-rumnal infusion of inert chromium
epTA and rutheni um phenant hrol i ne markers (Fai chney 1975).
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Nett gains of N across the rumen (duodenal N flow - total N
intake) Were 1.8 and 10.5 g/d respectively for sheep fed | ow and high
tannin lotus, versus predicted |osses of 3.7 and 2.1 g/d for non-tannin
containing fresh forage diets fed at the same level of N intake (Table 3).
Despite dietary concentration and intake of total N being less for high -
tannin than for low tannin lotus, post-rumnal absorption of non-ammonia
nitrogen (naN) was simlar for both diets. Apparent digestibility of
NAN in the intestines was high for both diets, with the value for high
tannin lotus (67% being slightly but non-significantly [ower than for
low tannin lotus (71% , and both values being only slightly less than
predicted for non-tannin containing fresh forage diets (76% MacRae &
Uyatt (1974). Wen expressed as NAN digested post-ruminally/g N eaten,
the digestion of high tannin lotus was nore efficient than that of |ow
tannin lotus (p<0.01l), but there was no difference between the two diets
when calculated as g NAN di gested post -ruminally/M3 ME consunmed (2.7);
Absorption of amno acids fromthe small intestine was calculated to be
29% of Me for both forms of |otus.

TART 3 Sites of nitrogen digestion in sheep fed lotus of |ow
(46 g/kg DM and high (106 g/kg DM condensed tannin

content.
Low tannin High tannin SED
lotus lotus

Diet N concentration (g/kg DM) 41.3 31.6
Intake Total N (g/4d) 28.7 + 24.8 . + 0.19
Duodenum ) Total N (g/4d) 30.5 (25.0) 35.3 (22.7) 1.45

) NaN (g/d) 28.7 33.4 1.34
Faeces NAaN (g/d) 8.3 11.0 0.72
Apparent digestibility (%) 71 56 2.70
NAN digested ) (g/d) 20.4 22.5 1.52
Post-ruminally ) (g/g N eaten) 0.71 0.91 0.053

Barry and Manley (1983)

T Calculated from equation of ulyatt and Egan (1979) for non-tannin
containing fresh forage diets fed at sane level of N intake used
by Barry and Manley (1983).

The proportion of cellulose totally digested that was digested in
the rumen was simlar for both high tannin and |ow tannin |otus (87%),
this value being as predicted fromthe equations of Uyatt & Egan (1979)
for non-tannin containing diets. However, |ess henicellulose was
digested in the rumen of sheep fed both the low tannin (61%total) and
high tannin (38%total) farnms of lotus than predicted (77% total).
Li kewi se, rumnal digestion of readily fermentable cro (RFC; wat er
sol uble CHO + pectin; 83%total forboth diets) was |ess than cal cul ated
for fresh ryegrasses and white clover diets (99%total; MacrRae & U yatt
1974). These findings inply that |otus condensed tannins were inpairing
ruminal CHO digestion, wth hemcellulose digestion being most depressed.
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GRAZI NG TRI'ALS

Li vewei ght gain can be considered as a function of both voluntary
intake and nutritive value/DM eaten (Uyatt 1973). As the presence of
condensed tannins in lotus depressed both voluntary intake and rum nal
di gestion of RFC and hemicellulose, it seened probabl e thathigh
concentrations of condensed tannins could be restricting |iveweight
gain. Totest this hypothesis, growi ng sheep grazed areas of tussock
oversown With either lotus or a mxture of white clover and red clover
in two experiments eachof 6 weeks duration (T.N. Barry and w.rL. Lowt her,
unpubl i shed data). Experiment 1 was conducted over late spring/early
sunmer using lotus primary growth, whilst Experiment 2 was conducted
during autum with secondary growth lotus and clover. Intitial weight of
the sheep was respectively 36.0 and 25.5 kg in Experinents 1 and 2.

Hal f of the sheep grazing each forage were drenched daily with PEG (100
g/d Expt 1; 75 g/d Expt 2) made up to 200 m in water, whilst control
sheep were drenched at the same times with 200 m water.

Liveweight gains (Table 4) were understandably greater in sheep
grazing primary than secondary growth lotus, and were increased by PEG
suppl ementation in both experiments (P<0.05). Admi nistration of PEG
to lambs grazing areas oversown W th clover produced no change in live-
wei ght gain, the beneficial effects of PEG thus being specific to |anbs
grazing a legume of high condensed tannin content.

TABLE 4 Responses to daily drenches of PEG (Mw 3350) in grow ng
sheep grazing Hill Country tussock areas oversown W th
either Maku lotus or a mixture of white and red clover.

Experiment Legume Condensed tannin Liveweight gain SED

No. (g/kg DM) (g/d)
Total Free Water PEG
1 lotus 76 8 125 166 16.7
2 ( lotus 89 7 + 27 70 9.2
( clover <1l ND 28 26 9.2

+ non-detectable
DI SCUSSI ON  AND CONCLUSI ONS

Ami no acid supply

These investigations have shown thatcondensed tannins in Lotus
pedunculatus markedly increased duodenal N flows conpared with predicted
values for non-tannin containing fresh forages, and also allowed a high
rel ease of NAN in the intestines. |n |aboratory studies Barry and Forss
(1983) found that high concentrations of |otus condensed tannins (40-80
g/ kg oM were necessary to prevent protein deam nation when nmXtures
of fresh lotus and white clover were mascerated and incubated with rumen
fluid, and this is confirmed by the in vivo finding of Barxry and Manl ey
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(1983). The high release of NAN in the intestines contrasts with effects
produced by protecting protein from rumnal degradation using high rates
of formal dehyde, which can include a reduction in post-rumnal digest-
ibility (Beever et al. 1977). The difference may be that association
between condensed tannins and protein is by means of hydrogen bonding
(McLeod 1974), versus a fixed chem cal bonding in the reaction of form
al dehyde with proteins, Secondly, the formaldehyde:protein bond is only
reversible in the low pH of the abomasum whereas protein can be rel eased
from condensed tannin:protein conpl exes at pH val ues corresponding to
those in both the abomasum and small intestine (Jones and Mangan 1977).

In Fig. 2 the quantities of NAN absorbed post-ruminally/N intake
has been conpared for a nunber of fresh N.z. forages fed to sheep. The
data of Barry & Manley (1983) with Lotus pedunculatus has been conbi ned
with that .of John and Lancashire (1981) for Lotus corniculatus and
plotted as a function of |otus condensed tannin concentration, NAN
absorbed post-ruminally/N intake was linearly related to tannin concen-
tration (x = 0.998, p<0. OS), with the intercept value corresponding to
zero condensed tannin concentration (0.57 + 0.008) being simlar to that
obtained for diets of the non-tannin containing species ryegrasses and
white clover (MacRae and U yatt 1974). Whilst there are differences in
amno acid supply between the ryegrasses and white clover, these effects
are small compared to those produced by concentrations of |otus tannins
in the range 40-80 g/ kg oM. Condensed tannins in the sainfoin used
by Uyatt and Egan (1979) appeared to be slightly less effective on a ww
basis than lotus condensed tannins for increasing am no acid supply.

Fig. 2. Ratio NAN digested
post-ruminally/total N
Condensed tannin(g/kg DM) intake in sheep fed lotus sp
o 20 4 60 80 100 120 compared with perennial and
' short rotation ryegrass (PR;
SSR; @ ), white clover (WC;
® ) and sainfoin (S; X)
S fed at same N intake. Line
USSR refers to lotus sp. only.
Py low and high tannin @ O
aPR - Lotus pedunculatus
(Barry and Manley 1983).
low and high tannin 4 A
Lotus corniculatus
(John and Lancashire 1981).

=)

[e]

o
®

Post-mginal NAN/N intake
)
]

Q
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when expressed as amino acids absorbed from the snall intestine/
MJ ME intake, values for lotus (29% ME) were higher than for white
clover or perennial ryegrass (20% ME), With sainfoin being intermediate

(25% ME) .

Rumen car bohydrate digestion -

The PEG supplementation experinent of Barry and Duncan (1983)
showed hemicellulose t0 be the structural CHO nost depressed by high
concentrations of condensed tannins, and this appears to be confined
to a depression of digestion in the rumen (Barry and Manley 1983). Wwhen
feedi ng kal e (Brassica oleracea) diets, Barry et al. (1983) I|ikewi se
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found ruminal hemicellulose di gestion to be the only aspect of CHO

di gestion depressed by the protein-binding substance dimethyl di sul phi de,
produced from microbial fermentation of dietary S-methyl-L-cysteine

sul phoxi de (sMco). It seems thatrum nal hemcellulose digestion is
particularly inhibited by the presence of water soluble protein binding
substances in the rumen. Ruminal digestion of all cHO constituents in
sheep fed sainfoin was simlar to that of sheep fed other fresh forages
(ulyatt and Egan 1979) , showing that condensed tannins (60 g/kg DV of
larger MNWthan in lotus do not depress hemicellulose digestion in the
rumen.

rol uhnd ake and |ivewei ght gain

In contrast to effects upon amno acid supply, it is clear that
hi gh concentrations of condensed tannin depress the voluntary intake of
Lot us pedunculatus by sheep, and that this is probably the principle
way that the tannin restricts the growmh of grazing sheep. W are
currently undertaking experinents at Invermay to construct dose/response
relationships for both voluntary intake and amno acid supply, to
determ ne the concentration of condensed tannin in lotus sp. that wll
prevent sane deamination Of protein without depressing voluntary intake.

Another possibility is that rumnants may be able to adapt to
| otus containing high concentrations of condensed tannins. In
investigations of low growth rates in lanmbs grazing forage kale, plots
were produced containing normal (65 g/kg DM and low (30 g/kg DV
concentrations of sMco. Gowth of lambs grazing these respective
forages were 75 and 150 g/d during the firstsix weeks, with both groups
recording 150 g/d during weeks 7-12. Thus lambs grazing normal kale
adapted to its high SMXO content after a grazing period of six weeks,
and a simlar phenomenon may account for the high growth rates (200 g/a)
obtai ned where |anmbs have grazed high tannin lotus for long periods
(W.L. Lowther unpublished data).

TABLE 5 Growth of young sheep grazing pure species plots grown
under high soil fertility conditions.

RFC Lignin Condensed Liveweight gain

Species ——— (g/kg DM) tannin
structural (g/kg DM) (relative) (g/4d)
CHO '

Huia white clover 1.3 25 T 100 190-354
Fakir sainfoin 1.0 48 60 97 182-230
Maku lotus 0.8 116 20 87 153-315
Wairau lucerne N ND 0 78 123-267
Hamau red clover ND ND T. 78 127-234
Ruanui ryegrass 0.3 - 20 o 52 88-198

John and Lancashire (1981)

ND - not determined; T - trace amounts
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As growth, N retention and lactation yield of rumnants consuni ng
fresh forages are likely to be restricted by amino acid supply (see
Introduction), the increase in amino acid supply produced by |otus
condensed tannins will be beneficial, once the problens of depressed
intake are resolved. This is illustrated in Table 5 for young sheep
grazing pure species plots for periods up to 6 and 12 weeks. Gowh rates
of lanbs grazing sainfoin and |otus exceeded those of |anbs grazing
lucerne, red clover and perennial ryegrass, but were less than those of
lambs Qgrazing white clover. The two tannin containing |egumes had
| ower ratios of RFC. structural CHO and higher lignin contents than
white clover, and this may account for lanb growth being slightly |ower
on these forages than on white clover.

Extrapol ation to other tannin - containing |egunes

The high levels of condensed tannin encountered in the work
di scussed here could be specific to Lotus pedunculatus or perhaps to
the cultivar Gasslands Maku. In an experinment conducted at a sem -
arid site of soil pH 5.5, condensed tannin content of the Lotus
corniculatus cultivars Granger, Maitland and El Boyero (15-22 g/ kg DM
was considerably lower than that of Maku lotus (53 g/kg DM, whilst
the Lotus corniculatus cultivars winnar and Enpire contained only trace
anmounts (2 g/kg DM of condensed tannins (WL. Lowther, T.R Manley and
T.N. Barry, unpublished data). Thus lotus condensed tannin content can
be |owered through choice of cultivar. As the condensed tannin content
of Lotus sp. has a heritability of 53% (Dalrymple 1982), it nmay e
possible to select for Lotus pedunculatus plants of |ower tannin content
when grown in acid soils under mininmum levels of fertiliser input.

Condensed tannins are also present in a range of tropical |egumes
grown inAustralia (McLeod 1974). ‘Whilst it seens probable that
growi ng these |egunmes under mnimum orzero fertiliser inputs wll
produce plants containing high concentrations of condensed tannins,
their effects upon the animal cannot be predicted without a know edge
of condensed tannin MNand reactivity. Based upon N Z data wth
tenperature species it seems that high MW condensed tannins (17, 000-
28,000) present in sainfoin do not inhibit aspects of ruminal CHO
digestion as do the |ower MNtannins present in lotus sp. (6,800-7,100),
but on a w/w basis are slightly less effective at increasing amino acid
supply than are |otus tannins,

Unlike lotus and sainfoin that contain condensed tannins evenly
distributed throughout their leaf and stem tissue, plants such as
Trifolium species that only contain condensed tannins in flower petals
are not bloat resistant. To prevent bloat, and probably to increase
anmino acid supply, it therefore seems that condensed tamnins must be
uniformy distributed throughout all tissues of the grazed plant.
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