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1. Introduction
1.1. Nature, Mechanism of Action, and Biological Effects
Tannins are polyphenolic compounds that are broadly categorized into two
major groups: (1) hydrolyzable tannins, consisting of a central core of carbohydrate to which phenolic carboxylic acids are bound by ester linkage (Fig. 1);
and (2) condensed tannins, or proanthocyanidins, consisting of oligomers
of two or more ﬂavan-3-ols, such as catechin, epicatechin, or the corresponding
gallocatechin (Fig. 2). Tannins have a very high afﬁnity for proteins and
form protein-tannin complexes. The ingestion of a plant containing condensed
tannins decreases nutrient utilization, protein being affected to a great extent,
and decreases feed intake. On the other hand, hydrolyzable tannins are
potentially toxic to animals. Consumption of feeds containing high levels of
hydrolyzable tannins cause liver and kidney toxicity and lead to death of
animals. Oak and yellow wood poisonings are attributed to hydrolyzable
tannins (1).
The tannin assays are generally categorized into two groups: chemical
methods and protein precipitation methods. Other methods that do not fall
under these categories are the gravimetric assays, a tannin bioassay, and
14
C-labeled polyethylene glycol binding assay (2).
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Fig. 1. Structure of hydrolyzable tannins.
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Fig. 2. Structure of hydrolyzable tannins.
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1.2. Chemical Assays
The most commonly used procedures in the category of chemical assays are
described in the following subsections.
1.2.1. Total Phenol and Total Tannin Assays
These assays are based on the oxidation-reduction principle and use the
Folin-Ciocalteu or Folin-Denis reagents. Another method using the ferric
chloride reagent is based on the metal-complexing property of phenolics (3).
The Folin-Ciocalteu method is used widely for total phenols because of its
high sensitivity and reproducibility. However, the presence of reducing agents
interferes in the assay. Nontannin phenolics cannot be distinguished from
tannins with both the oxidation-reduction and metal-complexing methods.
Tannins are distinguished from nontannins by using a solid matrix, polyvinylpolypyrrolidone (PVPP). A portion of the plant extract is treated with PVPP.
This method assumes that the phenolics that bind to proteins are the same
as those that bind to PVPP. Total phenols are measured in a plant extract using
the Folin-Ciocalteu method before and after treatment with PVPP. Polyvinylpolypyrrolidone has a high afﬁnity for tannins and its removal using centrifugation, following the PVPP treatment, removes tannins from the extract. The
difference between total phenol values before and after the PVPP treatment is
a measure of tannins (4).
1.2.2. Vanillin Assay and Butanol-HCl Methods for Condensed Tannins
Vanillin assay is based on the metal-complexing properties of tannins (5,6),
and the butanol-HCl assay with and without addition of iron on the oxidative
depolymerization of tannins (7). The vanillin assay has been widely used for
measuring condensed tannins in sorghum and other beans. This assay is not
very speciﬁc since it measures ﬂavan-3-ols and dihydrochalcones, which are
nontannin, in addition to condensed tannins. In addition, in this method monomeric ﬂavans give higher color yield as compared to condensed tannins, and
proanthocyanidins based on 5-deoxyﬂavanols, such as proﬁstinidin in quebracho tannin, do not react; the presence of acetone interferes in this assay, and
reproducibility of this method is not good (8). The acidic butanol method is
simple and more speciﬁc compared to the vanillin assay. This method yields
pink-colored anthocyanidins on oxidative cleavage of the interﬂavan bonds of
condensed tannins in the presence of mineral acids in alcoholic solutions at
about 95°C. This method was later modiﬁed by inclusion of iron in the butanolHCl reagent. The addition of iron was considered to enhance the sensitivity and
reproducibility of the assay (7).
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1.2.3. Hydrolyzable Tannin Assays
The approach used for the determination of hydrolyzable tannins is based on
their conversion to a common unit and the determination of the common units
by spectrophotometric or high-performance liquid chromatography (HPLC)
methods. These methods are useful for simple hydrolyzable tannins but may
provide limited information for complex oligomeric hydrolyzable tannins. The
rhodanine method (9) determines gallotannins as gallic acid equivalent. In this
method, gallotannins are hydrolyzed under anaerobic and acidic conditions to
gallic acid, which is reacted with rhodanine to give pink chromophore (measured at 520 nm). The speciﬁcity and sensitivity of the assays could be increased
by measuring gallic acid by the HPLC method (2). Recently, Hagerman’s group
(10) modiﬁed the potassium iodate method to include a ﬁrst step in which all
of the hydrolyzable tannins are converted to a single chemical species, methyl
gallate. The advantage of this method is that the effect due to the difference in
reactivity of the parent compounds is thus eliminated, and results from various
laboratories can be compared directly since they are measured in terms of
methyl gallate, which is commercially available.
1.3. Protein Precipitation Assays
The methods for quantiﬁcation of tannins based on their property of complexing with proteins (protein precipitation assays) are considered to provide
better information on the biological value of feeds and fodders containing tannins. In these methods, protein-tannin complexes are prepared. The protein in
these complexes is measured using the ninhydrin assay of amino acids released
by alkaline hydrolysis of the complex (11,12), which represents protein precipitation capacity; and when phenolics in the complex are determined by the ferric
chloride method (3) the protein precipitable phenolics are measured. The method
based on binding of 125I-labeled bovine serum albumin (13) for determination
of the protein precipitation capacity of tannins is accurate and sensitive. Recently,
this method has been simpliﬁed (14). However, it requires special equipment
and some degree of expertise.
In another method (15), the tannin-protein complexes are formed on a
chromatography paper and reacted with the protein bovine serum albumin
(BSA). Unbound BSA is washed off, and the protein in the tannin-protein
complex is stained with Ponceau S, a dye speciﬁc for proteins. Protein-bound
dye is eluted and the absorbance of the eluate is measured at 525 nm. The
absorbance is converted to protein by using a calibration curve. This method
is about 20 times more sensitive than the other methods (11,12). The protein
bound to tannins can also be measured using amido black dye, which can be
eluted and measured or can be measured using an image analyser (16). Another
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advantage of these methods (14–16) is that acetone containing plant extracts
can be used, whereas the presence of acetone interferes in other protein
precipitation assays (3,11–13). The preparation of plant extract in aqueous
acetone (generally 70%) is desirable because the solubility of tannins and
phenolics is higher in aqueous acetone solution, and acetone prevents oxidation
of phenols.
Another protein precipitation method that is insensitive to acetone is the
radial diffusion assay (17). The tannin-protein complex is formed in the gel
containing BSA, which appears as a ring. The diameter of the ring is a measure
of protein precipitation/binding capacity of tannins.
1.4. Gravimetric Methods
The spectrophotometric methods determine tannins relative to one or another
standard, namely tannic acid, gallic acid, catechin, quebracho tannins, leukoanthocyanins, etc. The gravimetric method (18) based on the precipitation of
phenolics by ytterbium acetate measures total phenolics and not tannins. This
method is not speciﬁc for phenolics. It precipitates other moieties in addition to
phenolics. In addition, the precipitation is not complete at low phenolic concentration, and some phenolics, for example, rutin, is not precipitated (19), leading
to underestimation of phenolics. Another gravimetric method (4) is based on
weighing the tannin extract before and after removal of the tannin by treatment
with PVPP to bind tannin and removal of the PVPP-tannin complexes by centrifugation. Gravimetric methods have generally lower sensitivities than colorimetric methods and are time-consuming. The gravimetric method (4) also
suffers from these disadvantages. So it should be used when the dry matter
digestibility of tannin-rich feeds needs to be corrected for the presence of tannins. For other routine applications the principle of the gravimetric method is
used in conjunction with a spectrophotometric method. Total phenols are determined spectrophotometrically using the Folin-Ciocalteu reagent in the extract
before and after the PVPP treatment. The difference in these phenolic values
is a measure of tannins. This difference (tannins) when expressed as tannic acid
equivalent is quite close to the tannin levels determined gravimetrically in
leaves from various trees and browses; each gram of tannins (by mass) had a
reducing power equivalent to 0.76 to 1.25 g tannic acid (4).
1.5. Tannin Bioassay
All available protein precipitation assays measure tannins under conditions
different from those of the rumen, and therefore the results obtained have
limited applicability for predicting the nutritive value of tannin-containing
feedstuffs. Polyethylene glycol and polyvinylpyrrolidone bind to tannins and
make them inert (20). This property has been exploited together with the in
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vitro gas method to quantify the effects of tannins on rumen fermentation.
Incubation of polyethylene glycol 6000 along with a tannin-containing feedstuff
in the in vitro system increases gas production. The percentage increase in gas
production, for example at 24 h of incubation, represents the effects of tannins.
The higher the percentage increase in gas production, the greater is the effect
(20).
1.6. 14C-Labeled Polyethylene Glycol Binding Assay
Polyethylene glycols (PEGs) of molecular weights 4000 or 6000 have a very
high afﬁnity for both hydrolyzable and condensed tannins over a wide range of
pH (20). In this method the feed samples are kept in contact with PEG spiked
with 14C-labeled PEG, and the radioactivity bound to feed sample is a measure
of tannins; the higher the activity, the higher the tannins. The method is reportedly useful since there is no need to extract tannins, and it is considered to be
a measure of both bound and extractable tannins (21,22). The formation of
soluble tannin-PEG complexes, which is not recovered in the feed sample, can
underestimate the tannin values. There is a need to study the extent of formation
of soluble versus precipitable PEG-tannin complexes under the conditions of
the assay (and to study the nutritional signiﬁcance of these soluble complexes);
to standardize the assay for parameters such as optimum particle size of the
sample, temperature, and treatment time; and to investigate the extent of nonspeciﬁc binding of 14C-PEG. Additionally, correlations should be established
between the PEG-binding assay and protein precipitation assays or the tannin
bioassay using the in vitro gas method or the increase in the nitrogen degradability of feeds on addition of PEG. Inclusion of in vivo parameters such as
intake, nitrogen balance, and degradability, production parameters (growth,
wool production, etc.) for these feeds in the correlation studies, would reveal
the usefulness of the in vitro methods in predicting nutritional and physiological
effects of feeding tannin-containing diets to ruminants.
An increase in nitrogen degradability of a feed when incubated in an in vitro
rumen fermentation system in the presence of PEG is also a measure of tannin
activity, and this increase in nitrogen degradability has also been found to predict the effects of tannins in ruminants (23,24).
1.7. Near-Infrared–Based Method
Tannins in legume forages were quantiﬁed using near-infrared reﬂectance
spectroscopy. The wavelength, 2.150 μm, was identiﬁed for prediction of condensed tannins (25). This method may be applicable to the determination of
tannins in large sample sets of homogeneous feeds such as forage legumes.
Among the above methods, only three methods are presented here:
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1. Total phenolic and tannin assays
2. Condensed tannin assay
3. Biological activity of tannins

For other methods, see A Laboratory Manual on Tannin Assays (Makkar,
2003).
2. Materials
2.1. Measurement of Total Phenolics and Tannins Using the
Folin-Ciocalteu Method, Based on Makkar et al. (4)
1. Folin-Ciocalteu reagent (1 N). Dilute commercially available Folin-Ciocalteu
reagent (2 N) with an equal volume of distilled water. Transfer it into a brown
bottle and store in a refrigerator (4°C). It must be golden-yellow. Do not use it if
it turns olive green or green.
2. Sodium carbonate (20%). Weigh 40 g sodium carbonate.10 H2O, dissolve it in about
150 mL distilled water, and make the volume up to 200 mL with distilled water.
3. Insoluble polyvinylpyrrolidone (polyvinylpolypyrrolidone, PVPP). This is
commercially available from Sigma, St. Louis, MO (P 6755).
4. Standard tannic acid solution (0.1 mg/mL). Dissolve 25 mg tannic acid obtained
from Merck in 25 mL distilled water and then dilute 1 : 10 in distilled water
(always use a freshly prepared solution).

2.2. Measurement of Condensed Tannins (Proanthocyanidins,
Based on Porter et al. (7)
1. Butanol-HCl reagent (butanol-HCl 95 : 5 v/v). Mix 950 mL n-butanol with 50 mL
concentrated HCl (37% w/v).
2. Ferric reagent (2% ferric ammonium sulfate in 2 N HCl). To prepare 2 N HCl,
take 16.6 mL of concentrated HCl and make the volume up to 100 mL with
distilled water. Dissolve 2.0 g ferric ammonium sulfate in 100 mL of 2 N HCl.
This reagent should be stored in a dark-brown bottle.

2.3. Determination of Biological Activity of Tannins, Based on
Makkar et al. (20)
1. Bicarbonate buffer solution: Dissolve 35 g sodium bicarbonate (NaHCO3) and
4 g ammonium carbonate (NH4HCO3) in approximately 500 mL distilled water
and then make the volume up to 1 L with distilled water.
2. Macromineral solution: Dissolve 6.2 g potassium dihydrogen phosphate (KH2PO4),
5.7 g disodium hydrogen phosphate (Na2HPO4), and 0.6 g magnesium sulfate
(MgSO4 ·7H2O) in approximately 500 mL distilled water and then make the
volume up to 1 L with distilled water.
3. Micromineral solution: Dissolve 10 g manganese chloride (MnCl2·4H2O), 13.2 g
calcium chloride (CaCl2·2H2O), 1 g cobalt chloride (CoCl2·6H2O), 8 g ferric
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chloride (FeCl3 ·6H2O) in approximately 50 mL distilled water and then make the
volume up to 100 mL with distilled water.
4. Resazurin: Dissolve 0.1 g resazurin in 100 mL distilled water.
5. Reducing solution: Dissolve 996 mg sodium sulﬁde (Na2S·9H2O) in 94 mL
distilled water and then add 6 mL of 1 N sodium hydroxide solution (dissolve
4 g sodium hydroxide in 100 mL distilled water for 1 N sodium hydroxide).

3. Methods
3.1. Measurement of Total Phenolics and Tannins Using
Folin-Ciocalteu Method, Based on Makkar et al. (4)
3.1.1. Extraction of Phenolics (Simple Phenolics and Tannins)
Dried and ﬁnely ground (ground preferably using a ball mill) plant sample
(leaves, seeds, root, stem, etc.) is placed in a glass beaker of approximately
25-mL capacity (see Note 1); 10 mL of aqueous acetone (70%) is added and
the beaker is suspended in an ultrasonic water bath and subjected to ultrasonic
treatment at 300 W for 20 min at room temperature (see Notes 2 and 3). The
content of the beaker is then transferred to centrifuge tubes and centrifuged for
10 min at approximately 3000 g at 4°C (if refrigerated centrifuge is not available,
cool the contents by keeping the centrifuge tube on ice and then centrifuge at
3000 g using an ordinary clinical centrifuge). Collect the supernatant and keep
it on ice (see Notes 4 and 5).
3.1.2. Preparation of Calibration Curve
Take 0.0, 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 μL of standard tannic
acid solution in 5-mL glass test tubes separately. Then add an adequate quantity
of distilled water for respective test tubes to bring the volume to 500 μL. To
this solution, add 250 μL of the Folin-Ciocalteu reagent (1 N) and 1.25 mL
of the sodium carbonate solution (ﬁnal volume will be 2.0 mL; tannic acid
concentration will be 0.0 to 10 μg). Vortex the contents and incubate at room
temperature under dark condition. After 40 min read absorbance at 725 nm
against the reagent blank.
3.1.3. Analysis of Total Phenols
Take suitable aliquots of the above sample extract in test tubes and make the
volume to 500 μL with distilled water. Add to it 250 μL of the Folin-Ciocalteu
reagent (1 N) and then 1.25 mL of the sodium carbonate solution. Vortex the
tubes and record absorbance at 725 nm after incubation for 40 min under dark
conditions. Calculate the amount of total phenols as tannic acid equivalent from
the above calibration curve. Express the results as total phenolics as grams per
100 g on a dry matter basis.
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3.1.4. Determination of Total Tannins
Weigh 100 mg PVPP in a 100 × 12 mm test tube. Add 1.0 mL distilled water
and then 1.0 mL of the sample extract (100 mg PVPP is sufﬁcient to bind 2 mg
of total phenols; if total phenolic content of feed is more than 10% on a dry
matter basis, dilute the extract). Vortex and keep the tube at 4°C for 15 min,
vortex it again, and centrifuge at 3000 g for 10 min. Collect the supernatant.
This supernatant has only simple phenolics other than tannins (the tannins get
bound to PVPP). Measure the phenolic content of the supernatant as mentioned
above and express the content of nontannin phenolics on a dry matter basis.
From the above results, the tannin content of the sample can be calculated as
follows:
Total phenolics (%) − Nontannin phenolics (%) = Tannin (%)

The results can be expressed as tannic acid equivalent on a dry matter basis.
3.2. Measurement of Condensed Tannins (Proanthocyanidins),
Based on Porter et al. (7)
3.2.1. Determination of Condensed Tannins
In a 100 mm × 12 mm glass test tube, take a suitable aliquot (0.1 to 0.5 mL)
of the sample extract (for preparation of the extract see Section 3.1.1; also see
Note 6) and dilute it with 70% aqueous acetone to 0.5 mL (the aliquot volume
depends on the amount of condensed tannins in the extract). To the tubes
add 3.0 mL of the butanol-HCl reagent and 0.1 mL of the ferric reagent. Vortex
the tubes and cover the mouth of each tube with a glass marble and transfer the
tubes in a heating block adjusted at 97° to 100°C or in a boiling water bath
for 60 min. After cooling the tubes, record absorbance at 550 nm. Subtract
absorbance of a suitable blank, which is usually the unheated mixture. If the
extract has ﬂavan-3,4-diols or ﬂavan 4-ol, a pink color develops without heating.
If this happens, use one heated blank for each sample, composed of 0.5 mL
extract, 3 mL n-butanol (no HCl), and 0.1 mL ferric reagent. Condensed tannins
(% in dry matter) as leukocyanidin equivalent is calculated by the following
formula:
(Absorbance at 550 nm × 78.26 × Dilution factor)/(% Dry matter)

This formula takes the effective E1%,1cm,550nm of leukocyanidin to be 460. The
dilution factor is equal to 1 if 0.5 mL of the sample extract is taken before
addition of 3 mL of the butanol-HCl reagent and the extract was made from
a 200-mg sample in 10 mL 70% aqueous acetone (the dilution factor would
be 5 if, for example, 0.1 mL of the sample extract is taken and to it is added
0.4 mL of 70% aqueous acetone before the addition of 3 mL of the butanol-HCl
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reagent; the amount of sample extract depends on the amount of condensed
tannins in the extract; if by taking 0.5 mL of the sample extract the absorbance
is greater than 0.6, take the lower amount of the sample extract and dilute to
0.5 mL with 70% aqueous acetone). See Note 7.
3.3. Determination of Biological Activity of Tannins,
Based on Makkar et al. (20)
3.3.1. Sample Preparation
Dried leaves should be passed through a 1-mm sieve.
3.3.2. Weighing of Samples and Preparation of Syringes
Tare a specially made scoop (approximately 4 cm in length and 1 cm in
depth/radius; a standard sodium hydroxide–containing plastic container can be
cut horizontally in half to form the scoop) on an analytical balance. Weigh a
500-mg feed sample (passed through a 1-mm sieve) in the scoop and then insert
a 5-mL-capacity pipette or a glass rod into the narrow end of the scoop and
transfer the sample from the scoop into 100-mL calibrated glass syringes.
Weigh 1 g tannin-complexing agent, polyethylene glycol, PEG (molecular weight
4000 or 6000) on the scoop and transfer it also into syringes similar to those
for the feed samples. The feedstuffs with and without the tannin-complexing
agent are incubated at least in triplicate.
3.3.3. Preparation of In Vitro Rumen Fermentation Buffer Solution
Collect the rumen ﬂuid and particulate matter before the morning feed from
two cattle fed on a roughage diet, homogenize, strain, and ﬁlter through four
layers of cheese cloth. Keep all glassware at approximately 39°C and ﬂush these
with carbon dioxide before use. Carbon dioxide is heavier than air and hence
it remains in the glassware for a reasonable period, provided the container is
not inverted upside down. The strained rumen ﬂuid is kept at 39°C under carbon
dioxide and should be prepared just before the start of the incubation. As the
amount of feed taken is 500 mg, the composition of the medium is based on
Tilley and Terry (26). Menke et al. (27) reduced the rumen buffer volume per
syringe by half as they used 200 mg of the substrate because of the limited
volume of the syringes and the inconvenience of emptying the syringes. Here,
besides recording the gas volume, the fermented material is taken for various
analyses and hence the amount of substrate taken is 500 mg. There is an inherent error associated with gravimetric determination of the fermented residue,
which is large if 200 mg feed is taken in place of 500 mg.
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Medium composition and incubation procedure
(following volume in milliliters)
Rumen buffer solution
Macromineral solution
Micromineral solution
Resazurin
Distilled water
Freshly prepared reducing solution
The rumen ﬂuid
(see above for collection and preparation)

630.00
315.00
0.16
1.60
975.00
60.00
660.00

The above volume is sufﬁcient for 60 syringes (40 mL/syringe) plus 10%
extra.
Except for the rumen ﬂuid and the reducing solution, mix all the abovementioned solutions in the order listed above in a 3- or 5-L capacity glass
container.
3.3.4. Incubation and Determination of Gas Released
The container holding the above solutions is kept in a water bath adjusted at
39°C. This water bath is a plastic rectangular container (400 cm × 300 cm ×
200 cm) ﬁlled with water, the temperature of which is adjusted at 39°C using a
portable thermostat suspended from the top of the plastic container in water.
This plastic water bath is kept on a magnetic stirrer. The contents are ﬂushed
with carbon dioxide and kept stirred using a magnetic stirrer. After about 5 min,
add the reducing solution and keep the mixture stirring and ﬂushing with carbon
dioxide at 39°C. When the mixture has been reduced (blue color of the dye
changes to pink and then to colorless; it takes about 15 to 20 min for the reduction process to complete, and during this time we generally homogenized and
strained the rumen liquor and the particulate material collected from cattle),
add 660 mL of the rumen ﬂuid. Keep this mixture stirring and ﬂushing with
carbon dioxide for another 10 min. Transfer a portion (40 mL) of the rumen-ﬂuid
medium into each syringe using a dispenser, and incubate in a water bath at
39°C. Filling 60 syringes, after some practice, should take 30 to 35 min. After
completion of the ﬁlling-up process, shake the syringes well and then transfer
them to the water bath. Shake all the syringes every hour for the ﬁrst 4 hours
and then every 2 hours. Generally, the incubation is started at about 7.30 a.m.
and after 12 h of the incubation, the syringes are not shaken until the termination of the incubation (16 h and/or 24 h). The gas volume is recorded after 2, 4,
6, 8, 10, 12, and 16 or 24 h. The net gas production is calculated by subtracting
values for the blank. The blanks (at least three in number) contain only the
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rumen-ﬂuid medium and no feed material. The addition of PEG to blanks does
not affect the gas production from blanks, suggesting that it is inert.
3.3.5. Determination of Biological Activity of Tannins
The difference between the net volume of gas produced from syringes with
and without PEG, generally at 16 h and 24 h, is measured, which is a measure
of tannin effect. The PEG binds tannins and inactivates them. The higher the
percent increase in gas (without PEG being 100%) on addition of PEG, the
higher the biological activity of tannins with regard to rumen microbes (20).
4. Notes
1. Pigments and fat can be removed from the dried leaf sample by extracting with
diethyl ether containing 1% acetic acid before extracting phenolics.
2. A ﬁrst extraction with 50% aqueous methanol followed by a second extraction
with 70% aqueous acetone can also be used for extraction of phenolics.
3. A very long period of phenolic extraction and extraction at high temperature may
lead to inactivation of phenolics.
4. Freshly prepared extract should be used for phenolic and tannin analysis.
5. Tubes/containers containing the extract should be kept under cold conditions
until the analysis is complete.
6. The presence of pigments may interfere with this method. The pigments can
be removed by extracting the dried leaves with petroleum ether containing 1%
acetic acid. Ascorbic acid (generally added to prevent oxidation of phenolics)
does not interfere in the condensed tannin assay and can be added while preparation of the plant extract (ascorbic acid interferes in the phenolic assay by FolinCiocalteu method).
7. Vanillin-HCl (5,6) is also used for determination of condensed tannins but this
method is not speciﬁc (8,28). It measures condensed tannins as well as simple
ﬂavonoids. This method also has several other disadvantages.
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