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Abstract

Tannins are secondary metabolites that may influence feeding
by mammals on plants. We analyzed hydrolyzable and con-
densed tannins in 30 plant species consumed by livestock and
deer, as a preliminary attempt to study their possible implica-
tions on browsing and grazing in forest ecosystems. Heathers
(Ericaceae) and plants of the Rose (Rosaceae) family had tannins,
while forbs, grasses and shrubs other than the heathers did not
show astringency properties. We found the highest tannin con-
tent of all the species in Rubus sp., with the highest value around
180 mg TAE/g dry weight in spring. Potentilla erecta, Alnus gluti-
nosa and Quercus robur were next with 57 to 44 mg TAE/g dw.
Total tannins in heathers ranged from 22 to 36 mg TAE/g dw.
Levels of condensed tannins were higher than hydrolyzable for
most of the species. Only Betula alba, Calluna vulgaris, Pteridium
aquilinum and Vaccinium myrtillus had 100% hydrolyzable tan-
nins. Tannin content of the species changed seasonally with high-
est values during the growing season, corresponding to late win-
ter or early spring, depending on the species.
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Tannins are polyphenolic compounds that have become widely
recognized as important factors influencing feeding by mammals
on woody plants (Robbins et al. 1987, Happe et al. 1990, Bryant
et al. 1992, Hagerman et al. 1992, McArthur et al. 1993, Haslam
1998). They are secondary metabolites that may inhibit digestion
of protein and fiber or their characteristically astringent taste may
cause flavor aversion and adversely affect feed intake (Provenza
et al. 1990, Bryant et al. 1992, Hagerman et al. 1992).

Most studies of tannins have focussed on nontoxic effects on
availability of protein. Condensed and hydrolizable tannins com-
bine with protein to form tannin-protein complexes during mastica-
tion and digestion of forage (Hagerman et al. 1992). Formation of
these stable complexes may reduce the amount of digestible pro-
tein available for herbivores and digestibility of forage may also be
reduced if rumen microflora are negatively influenced by tannins.
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Resumen

Los taninos son metabolitos secundarios que pueden influir en
la utilizaciéon de las plantas como alimento por los mamiferos.
Analizamos los taninos condensados e hidrolizables de 30
especies de plantas consumidas por el ganado doméstico y el
corzo, como un intento preliminar para estudiar sus posibles
implicaciones en el ramoneo y pastoreo en ecosistemas forestales.
Las rosaceas (Rosaceae) y los brezos (Ericaceae) tuvieron tani-
nos, mientras que otros arbustos y las herbiceas no mostraron
propiedades de astringencia. En Rubus sp., encontramos el mds
alto contenido de taninos de todas las especies, con el mayor
valor en primavera (180 mg TAE/g de peso seco). Potentilla erec-
ta, Alnus glutinosa y Quercus robur fueron los siguientes con mas
alto contenido de taninos, entre 57 y 44 mg TAE/g de peso seco.
Los taninos totales en los brezos variaron de 26 a 36 mg TAE/g
de peso seco. En la mayoria de las especies los niveles de taninos
condensados fueron mayores que los de taninos hidrolizables.
Sélo Betula alba, Calluna vulgaris, Pteridium aquilinum y
Vaccinium myrtillus tuvieron el 100% de taninos hidrolizables.
El contenido de taninos en las plantas cambi6 estacionalmente,
presentindose los mayores valores durante la estacién de crec-
imiento, correspondiendo a final del invierno o principio de la
primavera, dependiendo de las especies.

In Galicia, the biomass of combustible plant material becomes
very abundant. The use of vegetation by livestock and deer can
be a useful tool to reduce forest fires, and silvopastoral systems
have been reported as an alternative of socioeconomic and envi-
ronment interest within the multiple use of forest (Silva-Pando
and Gonzilez-Hernandez 1992, Silva-Pando et al. 1998, Rigueiro
et al. 1999). The nutritional attributes of plants commonly found
in Galician forests have been reported in previous research
(Gonzailez-Hern4ndez and Silva-Pando 1999), but there is a lack
of information about their content of antifeedant compounds like
tannins.

The aim of this study was to analyze both the hydrolyzable and
condensed tannin content of plants found in deer and livestock
diets as a preliminary attempt to discuss their possible implica-
tions on browsing and grazing within forest ecosystems. We mea-
sured their astringency (capacity of tannins to form insoluble tan-
nin-protein complexes) to determine their potential for reducing
digestibility.
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Study Area

The study area is located in Galicia
(northwest Spain, 43°N, 8°W) and includ-
ed forest vegetation communities of this
region such as deciduous oakwoods,
conifer stands, and shrublands (broom,
gorse, and heathlands). Oak forests consti-
tute climax stage vegetation but are frag-
mented in most of the cases because of
agriculture and other human uses in the
past. Conifer, together with eucalyptus
stands, come from reforestation, and their
understory consists of seral succesional
stages of plant communities between
shrublands (broom-gorse-heatherlands)
and the climax oak forests.

Climate is Atlantic with mild, wet win-
ters at the coast, and colder inland.
Continentality increases from the coast to
inland areas where summers are dryer.
Maximum temperatures increase and min-
imum decrease from northwest to south-
east with annual mean temperatures vary-
ing from 7.3 to 14.2° C, and annual precip-
itation from 1,419 to 2,037 mm. Elevation
ranged from 60 to 1,280 m. Soils in
Galicia are mainly acid and the rock is
granite, slate, or schists.

Material and Methods

Plants known as components of live-
stock and deer diets were considered for
analysis of tannin content (Table 1). For
each species, plant material with similar
age and within homogenous site condition
was clipped and combined into a single
sample for analysis. Hand harvested plant
parts were representative of plant parts
that deer or livestock would select, corre-
sponding to apical portions of shrubs no
longer than 15 cm and less than 1 c¢m in
twig diameter, and leaves from trees taken
within browsing heights. Plants were har-
vested during their growing season, which
for most of them occurred in spring.
Perennials were harvested seasonally
within the same year to study their tannin
variation through the seasons. Plants of
species analized seasonally were not sam-
pled more than once.

Fresh plant material was transported
immediately to the laboratory where it was
lyophilized and stored frozen until analy-
sis. Before analysis the samples were
ground through a Wiley mill with 1 mm
mesh screen.

Tannins were extracted with 70% ace-
tone at room temperature. One gram of
ground plant material was stirred with 10
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Table 1. Species analized and type of vegetation where they predominantly occur.

Life form Species Vegetation type
Trees
Alnus glutinosa(L.) Gaertner (riparian areas)
Betula alba L. (riparian areas)
Fagus sylvatica L. (oakwood )
llex aquifolium L. (oakwood )
Quercus robur L. (oakwood)
Salix atrocinerea Brot. (riparian areas)
Shrubs
Calluna vulgaris (L.) Hull (conifer, eucalyptus, shrubland)
Cytisus multiflorus (L "Hér.) Sweet (shrubland, oakwood)
Cytisus striatus (Hill) Rothm. (shrubland, oakwood)
Daboecia cantabrica (Hudson) C. Koch (conifer, heatherland, eucalyptus)
Erica arborea L. (oakwood , shrubland)
Erica australis L. (shrubland )
Erica vagans L. (shrubland )
Erica umbellata L. (conifer, eucalyptus, shrubland )
Frangula alnus Miller (oakwood )
Genista florida L. (oakwood, shrubland)
Halimium lasianthum (Lam.) Spach (conifer, shrubland)
Hedera helix L. (oakwood )
Lonicera periclymenum L. (oakwood )
Pterospartum tridentatum (L.) Willk. (conifer, eucalyptus, shrubland)
Rubus sp. (oakwood , conifer, shrubland)
Ulex europaeus L. (conifer, shrubland)
Vaccinium myrtillus L. (oakwood)
Ferns
Pteridium aquilinum (L.) Kuhn (conifer, oakwood)
Forbs
Asphodelus albus Miller (conifer, eucalyptus)
Potentilla erecta (L.) Raiischel (conifer, eucalyptus, shrublands)
Grasses

Agrostis curtisii Kerguélen

Pseudarrhenatherum longifolium (Thore) Rouy

(conifer, oakwood)
(conifer, oakwood )

ml of acetone for 15 minutes. The mixture
was then centrifuged for 5 minutes in a
clinical centrifuge (5000 g). The super-
natant was saved and the sample extracted
for 15 minutes again with fresh solvent.
The process was repeated a total of 4
times. Acetone was evaporated from the
supernatant with a rotary evaporator in a
30° C water bath. The remaining aqueous
solution was rinsed twice with an equal
quantity of ethyl ether to remove low mol-
ecular weight tannins (Broadhurst and
Jones 1978). Remaining ethyl ether was
evaporated with a rotary evaporator and
distilled water was added to result in a
total volume of 25 ml. Extracts were
placed in sealed polypropylene test tubes
and stored in a freezer at —10° C.

An index of protein precipitating capaci-
ty is commonly determined by the capaci-
ty of known amounts of plant extracts or
tannins to precipitate bovine serum albu-
min (BSA). In this paper, astringency, or
the capacity of tannins to precipitate pro-
teins, was determined using the radial dif-
fusion technique of Hagerman (1987),
based on bovine serum albumin precipita-
tion on agar plates. Selective determina-
tion of hydrolyzable and condensed tan-

nins was made using the modified radial
diffusion technique (Hagerman 1995)
founded on the susceptibility of hydrolyz-
able tannins to degradation by hydroxy-
lamine. With this method, samples con-
taining only hydrolyzable tannins do not
precipitate when radial diffusion is per-
formed after addition of hydroxylamine
since the tannin is decomposed. The esti-
mation of condensed and hydrolyzable
tannins was based on the difference
between the area of the ring obtained
before and after the reaction with hydrox-
ylamine. Condensed tannins do not react
to hydroxylamine and therefore the radial
diffusion measurement is the same before
and after hydroxylaminolysis. We used
tannic acid as standard. All samples were
analyzed in duplicate.

Results and Discussion

Tannins were present in many of the
plants analyzed (Table 2), such as heathers
(Ericaceae) and plants of the Rosaceae
family. We found the highest tannin con-
tent in Rubus sp., Potentilla erecta, Alnus
glutinosa and Quercus robur. Condensed
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tannins were predominant in most of these
species. Concentrations of 75-100 g of
condensed tannins/kg dry matter have
depressed voluntary feed intake and rumen
carbohydrate digestion as well as rates of
body and wool growth in grazing sheep,
while values of 3040 g of condensed tan-
nins/kg provided nutritional benefits
(Barry and McNabb 1999). Based on these
values, Rubus sp. could limit feed intake
for some herbivores. In Galicia, only
young sprouts of Rubus sp. are ocasionally
browsed by horses and goats, and they
have not been found to be part of cattle
diets (Rigueiro et al. 1998). However, this
species is very palatable for roe deer,
mainly during fall and winter (Jackson
1980, Hosey 1981, Maizeret and Tran
Manh Sung 1984, Costa Pérez 1992,
Putnam 1996); these seasons correspond
to the lowest levels of tannins we found in
our study.

As opposed to the highest proportion of
condensed tannins we found in Rubus sp.,
Starkey et al. (1999) have shown Rubus
spectabilis in the Pacific Northwest have
higher concentrations of hydrolyzable tan-
nins than condensed. In our study, some
plants such as Betula alba, Calluna vulgaris,
Vaccinium myrtillus and Pteridium aquil-
inum, contained 100% hydrolyzable tannins.

There are apparently conflicting claims
of beneficial and toxic effects caused by
hydrolyzable tannins in various animal
species (Jean-Blain 1998, Aerts et al.
1999, Clifford and Scalbert 2000) and the
biological significance of different types
of tannins, including their role in nutrition-
al ecology. Some studies have reported the
preference of deer for medium level
hydrolyzable tannin pellets (3.8%) instead
of control pellets without tannins, and
have showed that daily consumption of
pellets containing high level of tannins

(9.1%) was lower than consumption of the
control (Verheyden-Tixier and Duncan
2000). Studies of roe deer diets have
found Calluna vulgaris and Vaccinium
myrtillus appear in higher rates compared
to other species of Erica in the same study
area (Putnam 1996). We found most of
plants in the Ericaceae family have pre-
dominantly condensed tannins except
Calluna vulgaris and Vaccinium myrtillus
with 100% hydrolyzable (Table 2).
Tannin content of the species changed
seasonally. For those plants with tannins,
the seasonal variation is showed in Figure
1. We obtained the highest values during
the growing season, corresponding to late
winter or early spring, depending on the
species. There is a tendency of hydrolyz-
able tannins to be highest in the winter.
Halimium lasianthum had 100% con-
densed tannins in the spring, but hydrolyz-
able tannins increased to 14% in winter

Table 2. Total, and percentages of hydrolyzable and condensed tannins in plants known as components of livestock and deer diets. Values correspond
to spring. Total tannins are expressed in mg tannic acid eq/g dry weight. Percentages of crude protein (CP) are shown for some of the species
(Gonzilez-Hernindez 1994). Species with absence of tannins are presented at the bottom of the table (-).

Life form Species Common Family Total Hyd Cond Cp
name tannins
Trees (mg TAE/g) (%) (%) (%)
Alnus glutinosa alder Betulaceae 57.11 30.1 69.9
Betula alba galician birch Betulaceae 12.85 100 0
Fagus sylvatica beech Fagaceae 24.36 27.0 73.0 7.8
Quercus robur oak Fagaceae 43.87 10.2 89.8 9.0
Salix atrocinerea black willow Salicaceae 40.43 28.1 719
Shrubs
Halimium lasianthum cistus Cistaceae 32.70 0 100 73
Erica vagans heather Ericaceae 22.36 249 75.1
Calluna vulgaris heather Ericaceae 25.37 100 0 6.1
Erica australis heather Ericaceae 29.51 52 94.8 6.6
Erica umbellata heather Ericaceae 31.63 249 75.1 6.7
Vaccinium myrtillus bilberry Ericaceae 14.68 100 0 74
Erica arborea tree heather Ericaceae 35.96 322 67.8 7.8
Daboecia cantabrica heather Ericaceae 33.78 10.3 89.7 8.5
Rubus sp. bramble Rosaceae 181.60 25.5 74.5 10.4
Forbs
Potentilla erecta tormentila Rosaceae 46.20 2.6 97.4 9.8
Ferns
Pteridium aquilinum bracken fern Hypolepidaceae 4.16 100 0 13.0
Trees
Ilex aquifolium holly Aguifoliaceae - 8.3
Shrubs
Hedera helix ivy Araliaceae - 9.3
Lonicera periclymenum honeysuckle Caprifoliaceae - 9.7
Pterospartum tridentatum carqueixa Fabaceae - 7.3
Ulex gallii gorse Fabaceae - 9.3
Cytisus multiflorus broom Fabaceae - 12.3
Ulex europaeus gorse Fabaceae - 8.7
Cytisus striatus broom Fabaceae - 15.3
Genista florida broom Fabaceae - 18.0
Frangula alnus black dogwood Rhamnaceae - 11.7
Forbs
Asphodelus albus white asphodel Liliaceae - 17.4
Grasses
Agrostis curtisii bent-grass Poaceae - 9.3
Pseudarrhenatherum longifolium  grass Poaceae - 8.6
Dactylis glomerata orchardgrass Poaceae - 17.4
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Fig. 1. Winter, spring and summer concentrations of hydrolyzable and condensed tannins

(mg tannic acid eq/g dry weight).

(Fig. 1). Erica arborea tannin concentra-
tions increased in spring, and the ratio of
tannins changed from 67.8% condensed in
spring to 100% hydrolyzable during the
summer and winter.

We reported in previous studies the low
digestibility of plants of Galician wood-
lands as an important limiting factor in
livestock production (Gonzalez-Hernandez
and Silva-Pando 1999). Digestible protein
can be a significant limiting factor for
some deer and elk populations because the
tannin content in the plants limit its avail-
ability (Starkey et al. 1999). Available pro-
tein, rather than total protein content, has
been reported as the physiologically
important parameter relative to animal
requirements and metabolic capabilities
(Robbins et al. 1987)

Other plants analyzed in our study such
as leguminose shrubs and grasses did not
contain tannins (Table 1). Neither did other
plants such as holly (Zlex aquifolium), ivy
(Hedera helix), honeysuckle (Lonicera
periclymenum) and black dogwood
(Frangula alnus); all of them are consid-
ered of high preference in herbivore diets
and with good nutritional attributes (Costa
1992, Fandos et al. 1987, Clutton-Brock
and Albon 1989, Putnam 1996, Gonzilez-
Hernandez and Silva-Pando 1999).

Hervibores may ameliorate the effects
of certain tannins in natural forages on
protein digestibility through physiological
and behavioural adaptations, and some
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animals are able to deal with them better
than others. As plants have developed the
enzymatic means to synthesize defensive
chemicals, animals have evolved detoxifi-
cation mechanisms to overcome the plant
defenses. Browsing animals are better able
than grazers to resist adverse effects of
dietary tannins and phenolic compounds,
which are common constituents of shrubs
and trees. Browsers like deer have salivary
tannin-binding proteins that counteract the
astringent effects of tannins but these sali-
vary proteins are absent in sheep and cattle
(Austin et al. 1989).

Conclusions

In Galician forests, many forage species
contain significant levels of astringent tan-
nins with the potential to greatly reduce
the availability of protein for livestock and
deer. Digestible protein is likely to be a
significant limiting factor in forest com-
munities containing predominantely plants
of the Ericaceae family, especially if
grasses or forbs are not available.
Understory of conifer and eucalyptus
stands, as well as some shrublands, consist
mainly of heathers, and could be more
limited in the digestible protein available
for deer and livestock than oakwoods and
other shrublands containing predominante-
ly gorse or broom.
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