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Abstract: Certain phenotypic traits of plants vary with latitude of origin. To understand if tannin concentration varies
among populations of tamarisk (Tamarix spp.) according to a latitudinal gradient, an analytical method was adapted from
an enological tannin assay. The tannin content (wet basis) of tamarisk foliage collected from 160 plants grown in a
common garden ranged from 8.26 to 62.36 mg/g and was not correlated with the latitude of the original North American
plant collection site. Tannins do not contribute to observed differences in herbivory observed among these tamarisk
populations.
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INTRODUCTION
Tannins, both hydrolysable and condensed, and
monoterpenes represent the two most common types of the
so-called “quantitative” plant defense compounds [1]. These
antifeedant compounds are produced in relatively large
concentrations and are considered to be energetically costly
to produce [2]. Tannins reduce the nutritional quality of forage by binding soluble proteins in the gut [3]. Some
mammals are capable of counteracting this effect by deploying proline-rich salivary proteins to bind tannins and render
them inactive [3]. Occurrence of these proteins is specific
only in cases when a certain type of tannin is
consumed (obligate herbivores), and more generalized in the
case of indiscriminate tannin consumers (generalist
herbivores). However, the lack of such proteins does not
always preclude utilization of tannin-rich foods in herbivore
diets. For instance, beavers (Castor canadensis) are able to
bind and digest linear condensed tannins via specific salivary
proteins, but do not possess salivary proteins that bind
quebracho tannin [3]. Yet, beavers were shown to consume
artificial diets containing quebracho tannin as well as
tamarisk (Tamarix spp.), a tannin-containing plant not
normally considered part of the beaver diet [4].
Tamarisk, or salt cedar, was introduced to North America
from Eurasia in the 1800’s for ornamental and erosion
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prevention purposes [5]. Tamarisk is considered high
in polyphenolic compounds, and low in most nutritional
compounds [6]. Tamarisk has invaded extensively and is
now the second most abundant riparian plant in the western
United States [7]. Tamarisk is an adequate nutritional source
for some insects. Moline and Poff examined crane fly
(Tipula sinotipula) growth when fed a diet consisting of
tamarisk leaf litter and concluded that tamarisk is a viable
food source as the larvae grew rapidly on the tamarisk diet
[8]. Similarly, caddis flies (Lepidostoma unicolor) grew significantly when fed a diet of tamarisk leaf litter, indicating
that tamarisk may be a feasible short term nutritional source
[6].
In the present study, we adapted a methyl cellulose precipitation method (see [9] and [10] ) to quantify tannins in
tamarisk foliage collected from a common garden experiment representing multiple North American latitudes. Other
traits, such as cold hardiness, have been found to vary with
latitude of origin [11]. Thus, we evaluated tannin concentrations across this same gradient.
MATERIALS AND METHODS
Reagents
All chemicals were ACS certified or HPLC grade. Aqueous solutions were prepared with HPLC grade water (Fisher
Scientific, Fair Lawn, NJ, USA). Ascorbic acid, dimethylformamide (DMF), ethanol, and dimethyl sulfoxide (DMSO)
were also purchased from Fisher Scientific. Tannic acid
(A.C.S. reagent), ethanol, ammonium sulfate, and methyl
cellulose-1500 cP were purchased from Sigma Aldrich (St.
Louis, MO, USA).
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Materials and Equipment
Disposable, low-UV cuvettes were employed for spectroscopic analysis (Plastibrand; Fisher Scientific) with a
Thermo Scientific Genesys 6 spectrophotometer (Madison,
WI, USA). Samples were ground using a KitchenAid® coffee
grinder (St. Joseph, MI, USA). Extracts were agitated with a
Fisher Scientific Multitube Vortexer and solutions were filtered through 25 mm syringe filters, PTFE 0.45 m (Fisher
Scientific). A FoodSaver® vacuum sealer system and gallonsize freezer bags (Jarden Consumer Solutions, Boca Raton,
FL, USA) were used for plant sample storage.
Solutions
A 0.04% methyl cellulose solution was prepared weekly.
The solution was stored at 4° C and remade as needed.
Methyl cellulose solution was best when used 3 – 11 days
following preparation. The extraction solvent (1:1 DMF:1
mM ascorbic acid) was prepared every other day and stored
at 4° C. A saturated ammonium sulfate solution was prepared as needed.
Plant Material
Tamarisk foliage was collected from a common garden
planted in a clay-loam field on 16 August 2005 in Fort
Collins, Colorado from rooted cuttings [11]. Tamarisks in
the garden were Tamarix ramosissima Ledeb., T. chinensis
Lour., and hybrids of the two. This garden included tamarisk
plants collected along a latitudinal gradient from southern
Texas to northern Montana (32.0 to 47.6° N). Microsatellite
markers showed gradual latitudinal genetic variation. Collections from southern locations were more similar to T.
chinensis while collections from northern locations were
more similar to T. ramosissima [11]. Sample foliage (leaf
and stem) was collected on 12 June 2007 from 161 genetically distinct individuals. Samples were placed in freezer
bags, immediately vacuum-sealed and maintained frozen
until homogenized. A subset of the samples (n = 60) were
submitted to a commercial lab for forage analyses by standard wet methods. Moisture data indicated that water content
(%) varied little among the samples (mean = 74.1%; RSD =
3.5%).
Foliage was processed by adding dry ice to the stainless
steel coffee grinder and grinding to a uniform consistency
(similar to snow). Green foliage was added to the dry ice
mixture and ground for approximately 45 seconds until the
dry ice and foliage mixture became a course powder. The
mixture was stored in an unsealed vacuum bag at - 6º C until
the carbon dioxide was removed by sublimation. The bags
were vacuum sealed and the sample remained frozen until
subjected to the analysis.
Extraction of Plant Samples
Approximately two grams of ground plant material (wet)
were placed in a 25 ml culture tube and the mass was accurately determined. Exactly 15.0 ml of extraction solvent was
added and the tube was placed on the vortex mixer for one
hour, allowed to sit for one hour, and mixed for an additional
hour. The extract was decanted into a second culture tube
and the sample was extracted a second time with 10.0 ml of
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the extraction solvent by mixing for one hour on the vortex
mixer. The extracts were combined and the final volume was
assumed to be 25.0 ml.
Tannin Precipitation Treatments
Adapting the method of Sarneckis et al. [10], plant extracts were diluted in 50% ethanol (500 μl of extract to 10 ml
of 50% ethanol) and two 750 μl aliquots of the dilution were
transferred to separate 10-ml culture tubes containing 500 μl
of saturated (NH4)2SO4. One ml of 0.04 % methyl cellulose
was added to one tube and 1.0 ml of water (control) was
added to the other. Samples were then mixed thoroughly by
vortex and allowed to stand for 30 minutes. For UV/Vis determination, methyl cellulose precipitate solutions were filtered using syringe PTFE filters (controls were not filtered).
Ultraviolet Spectroscopy
Working standards were prepared for each analysis from
a 10 mg/mL tannic acid concentrated standard solution
at three concentrations (~ .001, 0.12, 0.25 mg/ml) in 1:1
ethanol:water. Standard solutions were subjected to the precipitation procedures as described previously for sample
extracts to produce methyl cellulose and control treatments.
Absorbance at 280 nm was determined for working standard solutions and prepared extracts by placing approximately 1.5 ml of the appropriate solution in a 1-cm disposable cuvette. The precipitation absorbance (Absppt) was determined from the absorbance of the methyl cellulose treatment (Abscell) and the control treatment (Absraw) according to
the equation: (Absppt) = (Absraw) - (Abscell).
Unique calibration curves (Absppt versus tannin concentration) were produced from working standards for each
analysis day. Daily linear regression analyses of Absppt responses were evaluated using Microsoft Excel®. If the coefficient of determination (R2) was less than 0.990, the process
was repeated. The tannin content of plant extracts was determined from the slope and intercept values generated from
the calibration curve and converted to a mass basis according
to the mass of sample extracted.
Method Evaluation
Important aspects of the methodology were investigated
to validate its use for analysis of plant tissues. Replicate
samples of tamarisk foliage (1 g) were extracted with solvents prepared with DMF, dimethyl sulfoxide (DMSO), or
ethanol (1:1 with water) and subjected to analysis as described above. Volumes of extract (2, 3, and 4 mL) and
0.04% methyl cellulose solution (2, 3, and 4 mL) were also
evaluated in multiple combinations to determine the volume
of 0.04% methyl cellulose needed to yield complete precipitation and reproducible results. The need for filtration of
precipitate solutions was also evaluated.
Tannin Variation in Tamarisk
Three tamarisk samples were analyzed repeatedly to
demonstrate method reproducibility. The tannin concentrations were determined each day and the grand mean and relative standard deviation (RSD) were calculated for each sample. Each of the remaining tamarisk foliage samples was
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Fig. (1). Foliar tannin concentration (tannic acid equivalents) of tamarisk plants plotted with latitude of original plant collection location (r =
0.07; p = 0.38).

subjected to a single analysis. Tannic acid equivalents (t.e.q.)
values were regressed against the latitude of plant origin
(ranging from 32° to 48° North). Pearson correlation coefficients (r) were determined using the CORR procedure in
SAS.
RESULTS AND DISCUSSION
The current method represents a simple tool for determining tannin concentrations in plant foliage samples with
minimal sample preparation. DMF was selected for use in
the extraction solvent after several organic modifiers were
evaluated. Repeated extractions demonstrated that DMF
produced greater extraction yield (>20%) as compared to
ethanol and better reproducibility (RSD = 1.6%) as compared to DMSO (5.9%). Ascorbic acid, used in the extraction
solvent to minimize tannin oxidation, was chosen for its
minimal absorbance at 280 nm. Evaluation of the methyl
cellulose precipitation parameters indicated that using 3.0
mL of extract and 4 mL of 0.04% methyl cellulose solution
resulted in complete precipitation. However, greater precision was noted with smaller volumes. Thus the optimal ratio
of extract:methyl cellulose was preserved by using 0.75 mL
extract and 1.0 mL 0.04% methyl cellulose solution. Filtration of treatment solutions following precipitation significantly reduced light scattering during spectroscopic analysis
and resulted in a rugged and repeatable method.
Method reproducibility was good for repeated analysis of
tamarisk samples, even when the analyses were repeatedly
conducted on multiple days. The RSD obtained from analysis of three unique samples over several analysis days ranged
from 3.9 to 7.9% and demonstrated the excellent repeatability of this method. Adaptation of the enological method represents a simple tool for determining tannin concentrations in
plant foliage samples. We found sample size to have a sig-

nificant impact on reproducibility – likely a result of our
desire to analyze wet plant material. Improved precision
among replicate analyses was obtained when at least two
grams of homogenized plant material was extracted.
Tannin concentrations of tamarisk ranged from 8.26 to
62.36 mg/g t.e.q. (mean 24.86 mg/g; RSD = 31%). No correlation with latitude of tamarisk origination was observed for
tannin (r = 0.07; p = 0.38; Fig. 1). Inherited variation in
tamarisk cold hardiness was evident in the common garden
and some of this variation was correlated with latitude [11].
Plants from the north survive colder temperatures than plants
from the south, and plants from the same latitude often differ
in cold hardiness. In the present study we found no latitudinal phenotypic variation in tannin production in tamarisk.
Thus, there is no evidence of a gradient in natural selection
favoring higher tannin concentrations at one latitude versus
another. Experiments on the beetle introduced to control
tamarisk in North America (Diorhabda elongata) have demonstrated considerable variation among individual tamarisks
in their quality as a food source for the beetles [12]. While
these data suggest that tannin concentration may contribute
to individual variation, tannins are likely not responsible for
observed latitudinal effects.
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