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Abstract

The feasibility of using esophageal extrusa to monitor dietary
tannin levels was studied using 4 shrub species (Purshia tridentata,
Quercus gambelii, Cercocarpus montanus and Acer grandidenta-
tum). Browse samples were hand-harvested in late summer. Half of
the sample for each species was fed to esophageally fistulated
cattle, while the other half served as an unmasticated control.
Extrusa and control samples were analyzed for total phenolics
(Folin-Denis), tannin using 3 methods (vanillin-HC], proantho-
cyanidins, and astringency), crude protein, and in vitro organic
matter digestibility 1VOMD). Tannin levels were reduced 10% to
60% in extrusa, depending on plant species and method of tannin
analysis. Changes in the nutritional constituents of extrusa were
limited but oak extrusa was higher in IVOMD than oak control
samples. Tannins may have bound to plant or salivary proteins or
to mucous membranes in the mouth during mastication and insali-
vation. Our results indicate that esophageal extrusa is not suitable
for monitoring dietary tannin levels.
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Tannins are high molecular weight polyphenols that bind to
proteins and carbohydrates. Tannins have been divided into 2
categories: hydrolyzable and condensed. Hydrolyzable tannins are
esters of glucose and phenolic acid, whereas condensed tannins are
polymers of condensed flavan-3-ol units (Hahn et al. 1984). They
have been reported to adversely affect digestibility (Waterman et
al. 1980, Buckley et al. 1983, Burns and Cope 1974), decrease
palatability (Provenza and Malechek 1984, Cooper and Owen-
Smith 1985), and inhibit enzymatic (Goldstein and Swain 1965)
and microbial (Henis et al. 1964) activity. Conversely, tannins may
benefit ruminants by protecting protein from bacterial deamina-
tion (Driedger and Hatfield 1972) and preventing bloat (Jones and
Lyttleton 1970). Tannins exist in a wide variety of plant species. In
a survey by Bate-Smith and Metcalf (1957), approximately 80% of
woody perennial dicots and 15% of annual and herbaceous peren-
nial dicots contained tannins. Considering this information,
further studies concerning tannins and their effect on grazing
ungulates are necessary.

The nutritive value of diets selected by free-ranging livestock are
frequently evaluated using forage material collected via esopha-
geally fistulated animals (i.e., extrusa). While analyses of extrusa
are reliable for determining dietary levels of crude protein, fiber,
and digestibility (Cohen 1979, Smith et al. 1967), they are not
adequate for assessing other dietary constituents, such as minerals
(Scales et al. 1974) or monoterpenoids (White et al. 1982).
Recently, Krysl et al. (1985) correlated total phenolics (Folin-
Denis) and tannin levels (vanillin-HCI) in extrusa from cattle with
digestibility and intake variables. However, a preliminary study
conducted by Provenza and Malechek (1984) indicated a 50%
reduction in blackbrush (Coleogyne ramosissima) tannin levels
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due to mastication and passage through esophageal fistulae of
goats. In addition, Mehansho et al. (1983) reported that rats on
high-tannin diets produce proline-rich salivary proteins that have a
high affinity for tannins. Therefore, the objective of this study was
to determine the feasibility of using esophageal extrusa from cattle
to monitor dietary levels of tannins, total phenolics, crude protein
and IVOMD.

Materials and Methods

Four species of browse, mountain mahogany (Cercocarpus
montanus), bitterbrush (Purshia tridentata), Gambel oak (Quer-
cus gambeli), and bigtooth maple (Acer grandidentatum) were
hand-harvested in mid-September, when tissues were no longer
actively growing but prior to the first frost. Current season’s twigs
and leaves were collected from oak, bitterbrush, and mountain
mahogany, while only leaves were collected from maple. Samples
were divided into thirds and half of each subsample (500 g) was fed
to 1 of 3 esophageally fistulated heifers, while the other half of each
subsample served as an unmasticated control. Heifers were main-
tained on alfalfa hay. Upon collection, extrusa and control samples
were frozen, freeze-dried, and ground. Samples were analyzed for
crude protein (N X 6.25) using the Kjeldahl nitrogen technique
(Harris 1970) and in vitro organic matter digestibility (IVOMD)
(Tilley and Terry 1963). Total phenolics were measured using the
Folin-Denis assay (Martin and Martin 1982). Tannin concentra-
tions were determined using 3 methods: vanillin-HC1 (Price et al.
1978), proanthocyanidin (Bullard et al. 1981), and protein-precipita-
ting phenolics (astringency) (Hagerman and Butler 1978).

Three separate tannin assays and a measure of total phenolics
were utilized because there is no definitive method for measuring
tannin concentrations (Bullard et al. 1981, Martin and Martin
1982). All 4 methods are frequently used and each measures a
different chemical characteristic associated with tannins. The
Folin-Denis assay (Martin and Martin 1982) measures phenolic
acids, flavanoids, and tannins and is based on the reducing power
of the phenolic hydroxyl groups (Hahn et al. 1984). It is neither a
direct or indirect measure of tannin although results from this
assay are often expressed in terms of tannic acid equivalents and
frequently interpreted in this light (Martin and Martin 1982). The
vanillin-HCl assay (Price et al. 1978) reacts with certain types of
flavanoids; many are precursors to condensed tannin and do not
precipitate proteins (Waterman et al. 1980). Results from this assay
are expressed in catechin equivalents. Catechin is a tannin precur-
sor that does not precipitate protein. The proanthocyanidin (Bul-
lard et al. 1981) method measures condensed tannin but also
measures nontannin monomeric flavanoids (Martin and Martin
1982). The standard used in this assay is a quebracho tannin, a
commercially prepared tannin (Pilar River Plate Corp., Newark,
New Jersey). Hagerman and Butler’s (1978) procedure measures
protein precipitating phenolics in term of tannic acid equivalents.
The assay depends on a phenol measurement, and therefore
depends not only on tannin content but also on tannin structure
(Martin and Martin 1982).

The analyses of variance for comparing extrusa with control
samples and for comparing ratios among plant species were factor-
ials with 2and 4 treatments, respectively. Animals (n = 3) were used
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Table 1. Tannin levels (mg of equivalents/g of organic matter) in control (C) and extruss (E) samples from cattle consuming 4 browse species as estimated

by 4 assays.
Vanillin Proanthocyanidins Astringency Folin-Denis
Plant species C E E:C C E E:C C E E:C E C E:C
mg CE!/g mg QTE%/g mg TAE3/g mg TAE/g
Oak 91.2% 394 43as 200.3* 133.1 .67a 30.0* 12.0 .40a 118.9* 95.4 .80a
Bitterbrush 110.8* 71.2 .64b 293.0* 240.8 .82b 23.9* 14.1 .59b 122.3* 103.2 .85a
Maple 21.8* 15.2 .70b 62.9* 514 .82b 31.4* 19.9 .63b 170.4* 1429 .84a
Mahogany 118.2* 91.7 .78b 268.0* 220.7 .82b 13.4 11.0 82 79.1 72.6 .92a

lcatechin equivalents

2quebracho tannin equivalents

3tannic acid equivalents

4*indicates tannin concentration of E and C are significantly different (£>0.05

)
SRatios within a column followed by the same letter are not significantly different (P>0.05).

as the error term in both cases. Significant differences between
means were detected at the 0.05 level using least significant
difference.

Results

Estimated tannin levels were lower in extrusa samples than in the
controls. This reduction was dependent on plant species as well as
analytical procedure. Tannin levels in extrusa were reduced signifi-
cantly for all tannin methods in oak, bitterbrush, and maple (Table
1). Reductions in mountain mahogany tannin concentrations were
significant for the vanillin-HCl and proanthocyanidin assays, but
not for the astringency and Folin-Denis assays. When using the
astringency assay, the decline in tannin levels of oak extrusa was
greater than the decline in either bitterbrush or maple tannin levels
and the decline in tannin levels of these 2 species differed signifi-
cantly from the decline in mountain mahogany tannin levels (Table
1). Similarly, the decline in tannin levels of oak extrusa was greater
than the decline in tannin levels for the other 3 species when using
the vanillin-HCl or proanthocyanidin assays. However, there were
no significant differences between species with Folin-Denis assay.

Estimates of tannin levels varied greatly between analytical
methods. Martin and Martin (1982) assayed 6 species of oak for
tannin concentrations and found no correlation between tannin
estimates using the Folin-Denis assay, the proanthocyanidin
method, and Hagerman and Butler’s astringency assay. In addi-
tion, Riecherdt et al. (1984) assayed various plant parts of mature
and juvenile paper birch (Betula resinifera) for tannins and total
phenolics using several different methods and found little agree-
ment between tannin estimates.

Animal-to-animal variation was high for some plant species. For
example, tannin levels in maple extrusa were reduced 22% for
heifer 1, 33% for heifer 2, and 55% for heifer 3 when the astringency
assay was used. Similarly, tannin levels in mountain mahogany
declined 149, 20%, and 32% for heifers 1, 2, and 3, respectively
when using the vanillin HCl method. However, very little animal-
to-animal variation was observed for oak and bitterbrush extrusa.

Generally, dietary levels of crude protein or IVOMD (Table 2)
were similar for control and extrusa samples but crude protein

Table 2. Crude protein concentrations (dry matter basis) and in vitro
organic matter digestibility (IVOMD) of control (C) and extrusa (E)
samples from cattle consuming 4 browse species.

IVOMD (%) Crude Protein (%)
Plant Species C E C E
Oak 35.5% 39.9 10.5 10.7
Bitterbrush 44.7 444 8.1 8.3
Maple 58.5 60.6 9.5* 10.2
Mahogany 404 41.6 1.7 8.0

t*Indicates crude protein and IVOMD of E and C are significantly different (7>0.05).
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content of maple extrusa was higher than that of control maple and
digestibility of oak browse was greater in masticated than in con-
trol forage.

Discussion

Tannins may have complexed with some compound(s) during
mastication, probably with plant proteins. Tannins have been
reported to have a high affinity for proteins near a protein’s iso-
electric point (Hagerman and Butler 1978). The isoelectric point of
a protein is the pH at which the charge on a protein is zero
(Lehninger 1975). There are hundreds of enzymes within plant
tissues with a range of isoelectric points, and many may have
bound with tannins during mastication. Tannin-protein binding
occurs immediately under certain conditions (Martin and Martin
1983) and could have occurred during mastication and insaliva-
tion. Tannins have also been reported to complex with plant
polysaccharides and bacteria and fungal cell walls (Swain 1979),
and therefore may have bound to plant polysaccharides in extrusa.

Whether or not tannins bind to mucoproteins in saliva is pro-
blematic. Rats (Mehansho et al. 1983) on high tannin diets produce
proline-rich salivary proteins that bind preferentially to tannins.
However, deer, sheep (Robbins et al. 1987), and hamsters (Mehan-
sho 1985) do not increase production of these proteins when con-
suming high tannin diets. The isoelectric point of bovine salivary
mucoprotein s 1.5 (Lyttleton 1964) while the pH of bovine saliva is
about 8 (Emery et al. 1960), suggesting tannins will not precipitate
bovine salivary proteins. Jones and Mangan (1977) reported that
mucoprotein isolated from bovine saliva does not complex with
tannin at 39° C and pH 6.4. Furthermore, Robbins et al. (1987)
reported that proteins in bovine saliva do not have a high affinity
for tannins. None of the studies above used saliva from cattle
maintained on high-tannin diets and are therefore comparable to
our results. If cattle on high-tannin diets did produce proline-rich
salivary proteins, then tannin levels of extrusa from cattle consum-
ing high tannin forages would be depressed to a greater extent than
was demonstrated in this study. Finally, salivary mucoproteins are
glycoproteins that contain numerous, potentially reactive carbo-
hydrate moieties. Research suggests that the carbohydrate side-
chains of glycoproteins may complex substantial amounts of tan-
nin without precipitation of the protein (Strumeyer and Malin
1970) and therefore may interfere with tannin quantification.
Some researchers (Strumeyer and Malin 1970, Goldstein and
Swain 1963) have suggested that tannins may bind to mucous
membranes in the mouth, but no specific research has been con-
ducted in this area.

While the increase in crude protein content of maple extrusa
compared with the control was statistically significant, we do not
consider it of practical importance and attribute it to salivary
contamination (Scales et al. 1974). The increase in IVOMD of oak
extrusa may have been caused by tannins forming an irreversible
complex with either salivary mucoproteins or with cells from the
epithelial lining of the mouth. If irreversible complexes formed,

JOURNAL OF RANGE MANAGEMENT 40(5), September 1987



less tannin would have been available to bind to plant constituents
and therefore inhibit in vitro digestion (Buckley et al. 1983, Burns
and Cope 1974). Regardless of what the tannin bound to during
mastication, this complex did not significantly enhance or hinder
in vitro digestion of the remaining plant species.

Using mathematical equations to correct tannin levels in extrusa
would be possible only if little animal-to-animal variation existed
and one was working with a single species of tannin-containing
forage plants. Our study focused on individual plant species and
does not indicate the effect mastication and insalivation would
have on tannin levels of a mixed diet of tannin and nontannin-
containing species. While tannin complexes might be solubilized
with a detergent solution (Hagerman and Butler 1978, Goldstein
and Swain 1965), the reversibility of many tannin complexes
decreases with time (Jones and Mangan 1977). However, botanical
analysis of extrusa could be performed to determine species com-
position (Samuel and Howard 1982), and hand-harvested samples
for each species could then be analyzed for tannins and dietary
tannin levels computed.

Conclusions

In general, tannin levels declined significantly in extrusa as
compared with controls. The extent of this decline was dependent
on plant species, tannin method and, in some cases, individual
animals. Direct chemical analyses of esophageal extrusa to moni-
tor dietary tannin levels would grossly underestimate dietary tan-
nin levels.
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