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The tannins from quebracho and leaves of Acioa barteri after purification, and commercially available
tannic acid, were stored in buffers of different pH values (6-11) at 0, 20, and 37 °C. The recovery
of tannins was monitored at different time intervals (up to 18 h) using Folin-Ciocalteu and butanol-
HCl-Fe3+ reagents. The recovery of tannins decreased with increase in time of storage, increase
in pH, and increase in temperature. The decrease in the recovery of tannins was accompanied by
a decrease in their protein precipitation capacity, and also there was no defined peak for the assay
medium following the butanol-HCl-Fe3+ method for the purified quebracho and A. barteri tannins
when stored at pH 11. These observations suggested that the decrease in recovery of tannins was
due to inactivation of tannins. A. barteri tannins were found to be most susceptible to pH-mediated
inactivation. The stirring of quebracho tannins increased the rate of inactivation at pH 11. The
results suggested that alkaline pH inactivates the tannins. The rate of inactivation is higher at
higher temperatures, and it can be further increased by oxygen present in the air or possibly by
any other oxidizing agent. These observations were exploited to detannify tannins in some
agroindustrial byproducts by using hydrogen peroxide (a strong oxidizing agent) in the presence of
sodium hydroxide. This treatment was found to be very effective; the decrease in tannins reached
as high as 99% in some cases. The results of the present study also highlighted a problem related
to quantification of tannins in samples treated with alkalis. During extraction of tannins from
such materials, tannins were inactivated due to alkalinity in the extraction medium, thereby giving
an underestimate of the actual tannin levels. The alkalinity in the extraction medium results from
the residual alkali present in the treated materials. This problem was overcome by addition of
hydrochloric acid in the extraction medium so that the pH during extraction did not rise above 7.
The results of the present study also suggest that for studying the nutritional, physiological, and
biological effects of tannins (i) the pH of the tannin-containing solution should never at any stage
be alkaline, (ii) the solution should be kept at low temperature, and (iii) the exposure to oxygen or
to any other oxidizing agent should be avoided.
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INTRODUCTION

Tannins are chemically diverse polyphenolic com-
pounds. Phenolic compounds are highly prone to
oxidationsunder the influence of enzymes or metal ions
or autocatalytically in basic media (Appel, 1993; Haslam,
1993). For this reason, various workers (Hagerman and
Klucher, 1986; Peng and Jay-Allemand, 1991; Scalbert
et al., 1990; Makkar and Becker, 1994) have used
antioxidants while extracting tannins from plant sources.
Furthermore, alkali treatments have been used, par-
ticularly in sorghum, to decrease the contents of assay-
able tannins and to increase their nutritive value [for
example, Price et al. (1979), Mukuru et al. (1992), and
Waichungo and Holt (1995)]. This work originated from
our earlier observations on detection of a gallic acid peak
in the tannin hydrolysate according to the method of
Charrier et al. (1992) for which the pH of the hydroly-
sate needed to be adjusted to between 5 and 6 before
injection into the HPLC column (Makkar and Becker,
1994). An accidental increase in pH beyond 7 and the
subsequent adjustment of the pH to between 5 and 6
did not reveal the gallic acid peak. This was later

confirmed by giving a high pH shock to authentic gallic
acid followed by injection after the pH was adjusted to
between 5 and 6; the gallic acid peak was not observed
(unpublished observations). Similarly, in another study
(Makkar et al., 1995), the condensed tannins added to
the buffer used in the in vitro gas method of Menke et
al. (1979) were not recovered after 15 min. The pH of
this medium was observed to be 8.4. The pH of the in
vitro buffer used in the method of Menke et al. (1979)
is between 6.6 and 6.9 under CO2 or when kept in a
closed vessel such as in vitro flasks or syringes once it
is saturated with CO2. The pH rises slowly to about
8.4 when taken out of the in vitro flasks/syringes and
the contents are kept open. As little information is
available on the stability of tannin preparations under
different storage and working conditions, we studied the
recovery of tannins at different time intervals when
stored in buffers of different pH values and at different
temperatures. A corollary of this could be that the
lesser the recovery of tannins, the higher is the inacti-
vation of tannins. The implications of the results are
discussed.

MATERIALS AND METHODS

Materials. Tannic acid was obtained fromMerck Chemical
Co. (Darmstadt, Germany), and spray-dried quebracho extract
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was a kind gift from Trask Chem Corp., Marietta, GA. The
leaves ofQuercus incana and seeds of Acacia nilotica, Mangifera
indica, and Tamarindus indica were sun-dried before use.
Methods. Tannins from quebracho and leaves of Acioa

barteriwere purified by adsorption on Sepadex LH-20 (Makkar
and Becker, 1994).
Effect of pH. The stock solutions of tannins were prepared

in distilled water. A small aliquot from the stock solution was
transferred into buffers (0.05 M) of different pH (6, 7, 8, 9, 10,
and 11) values. The phosphate buffers were used for pH 6
and 7, and for pH 8, 9, and 10 the Tris-HCl buffer was used.
For pH 11, the Tris solution was adjusted to pH 11 with
sodium hydroxide. The final concentrations of tannins in the
buffer solutions were 0.1 mg/mL for tannic acid, 0.4 mg/mL
for quebracho tannins, and 0.2 mg/mL for A. barteri tannins.
These tannin solutions were kept on ice, at room temperature
(20 °C) and at 37 °C. Suitable aliquots were taken from these
solutions at different time intervals for analysis of tannins.
Analysis of Tannins. The condensed tannins were deter-

mined in aliquots (0.25 mL) from the solutions of quebracho
and A. barteri tannins according to the butanol-HCl-Fe3+

method of Porter et al. (1986) as described in Makkar and
Becker (1994). Tannic acid is a hydrolyzable tannin and
cannot be determined by using this method. Total phenolic
content was determined by Folin-Ciocalteu reagent (Julkunen-
Tiittoo, 1985) in suitable aliquots (100 and 30 µL, respectively)
from the solutions of tannic acid and quebracho tannins. In
brief, distilled water was added to the aliquot to make 0.1 mL,
and then 0.25 mL of 1 N Folin-Ciocalteu reagent and 1.25
mL sodium carbonate reagent (20%) were added. The absorb-
ance was recorded after 30 min at 725 nm using cuvettes of
1-cm light path. The qualitative assessment of precipitation
of protein for quebracho and A. barteri tannins and the
quantitative assessment for the tannic acid were carried out
using the blue BSA method of Asquith and Butler (1985). The
protein precipitation capacity for quebracho and A. barteri
tannins could not be determined due to insufficient availability
of purified quebracho and A. barteri tannins. For quebracho
and A. barteri tannins, the solutions (0.75 mg/mL) in buffer
of pH 11 maintained for 18 and 3 h, respectively, were brought
to pH 5 (the pH of the assay; Asquith and Butler, 1985) using
a minimum amount of concentrated HCl. One milliliter of this
aliquot was added to 2 mL of the dye solution (Asquith and
Butler, 1985). Similarly, aliquots (1 mL each) of these tannin
solutions in buffer of pH 6 were brought to pH 5 as above and
then added to 2 mL of the dye reagent. These were kept at
approximately 4 °C for about 15 h and then centrifuged to
observe the formation of blue pellet. For tannic acid solution
(0.75 mg/mL) in buffer of pH 11 after 18 h of storage at room
temperature and at 37 °C, the pH was adjusted to 5 and the
protein precipitation capacity was determined using the dye
reagent as described in Makkar and Becker (1993).
In another experiment to study the effect of stirring on the

inactivation of tannins, two similar sets of quebracho tannins
in pH 11 buffer were prepared. Both were kept at room
temperature. One was stirred using a magnetic stirrer, and
the other was kept without stirring. Aliquots were taken at
different time intervals for determination of proantho-
cyanidins.
Detannification of Tannin-Rich Feedstuffs. Oak Leaves.

One hundred milliliters of distilled water containing 4.7 g of
sodium hydroxide was mixed thoroughly with 100 g of the
leaves (95% dry matter). After 30 min, 9.1 mL of 30%
hydrogen peroxide added to 50 mL of distilled water was mixed
with the leaves containing the alkali. The contents were
transferred to polyethylene bags. The openings of the bags
were closed with a rubber band and kept at room temperature.
After 24 h, the bag was opened and the contents were well
aerated. The samples were dried using a lyophilizer.
Seeds of A. nilotica, M. indica, and T. indica. The procedure

was similar to that for oak leaves except that the quantity of
water used was half that used for oak leaves.
Tannin Quantification in Treated and Untreated

Feedstuffs. Samples were finely ground to pass through a
sieve of 80 mesh. Tannins were extracted from 200 mg of the
ground samples using 10 mL of the two extraction media: (i)

usual extraction medium (70% aqueous acetone) and (ii)
modified extraction media [0.075 mL of concentrated HCl
(37%) in 10 mL of 70% aqueous acetone]. The procedures for
extraction of tannins and quantification of total phenols,
tannins and condensed tannins were those described in
Makkar et al. (1993). For untreated samples, the extraction
medium without HCl (i, above) was used and for treated
samples both extraction media, with and without HCl (i and
ii; above), were used.
Statistical Analysis. The significance of difference be-

tween the two means was compared using Student’s t-test.

RESULTS AND DISCUSSION

Tannic Acid. At room temperature, the recovery of
tannic acid as total phenols did not decrease up to 18 h
of storage in buffers of pH 6, 7, and 8 (results not
shown). At pH 9, 10, and 11 the recovery did not
decrease up to 5 h, and at 18 h the recovery was found
to be lower (Figure 1a). The decrease in recovery was
higher at higher pH. After 18 h of storage at pH 11,
the recovery of tannic acid as total phenols was ap-
proximately 20% lower. Although the recovery did not
decrease up to 5 h of storage from pH 8 to 11 when
measured as total phenols, there was a change in the
color of the tannic acid solutions at these pH values,
which were yellowish brown in color. The intensity of
this color increased as the pH increased, suggesting that
some changes take place in the tannic acid solutions at
alkaline pH without a change in their total phenolic
content. A better insight can be obtained by running
these tannic acid solutions in HPLC (Hagerman et al.,
1992). Under alkaline conditions, conversion of tannic
acid to gallic acid and then disappearance of gallic acid
has been observed (Osawa and Walsh, 1993).
At 0 °C, recovery of tannic acid did not decrease up

to 18 h at all pH values studied, although the tannic
acid solutions of pH 10 and 11 were slightly yellowish
in color (results not shown). At 37 °C, recovery was the
same up to 18 h at pH 6 and up to 5 h at pH 7 and 8.
After 18 h of storage at pH 7 and 8, recovery was lower
by 4% and 20%, respectively. At higher pH values (9-
11), the recovery started decreasing at 5 h (Figure 1b).

Figure 1. Effect of storage of tannic acid solutions of different
pH values at room temperature (20 °C; a) and at 37 °C (b) for
different lengths of time on assayable tannins using Folin-
Ciocalteu assay.
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After storage of tannic acid at 37 °C for 1 h in buffers
of alkaline pH, the solutions were yellowish brown in
color (as observed at 0 °C and at room temperature),
suggesting again some changes in tannic acid that were
not reflected in absorbance measurements.
Quebracho Tannin. Using the Folin-Ciocalteu

assay for total phenols, the recovery of quebracho
tannins in buffers of all pH values studied did not
decrease up to 3 h of storage at room temperature. At
5 and 18 h of storage, recoveries were lower at pH 9,
10, and 11 (Figure 2a). On the other hand, using
butanol-HCl-Fe3+ reagent, the recoveries of quebracho
tannins started decreasing at 30 min of storage at pH
8, 9, 10, and 11 at room tempature (Figure 2b). There
was no change in recovery at pH 6 and 7 even up to 18
h of storage (results not shown). These results suggest
that the butanol-HCl-Fe3+ method for proantho-
cyanidins is better than the Folin-Ciocalteu method for
studying the transformation of condensed tannins.
Therefore, in further studies only the butanol-HCl-
Fe3+ method was used. At 37 °C, the results for
quebracho tannins using the butanol-HCl-Fe3+ re-
agent were similar to those obtained at room temper-
ature. The curves overlapped and therefore have not
been presented. When quebracho tannin was stored on
ice (0 °C), the recovery did not decrease up to 3 h at all
pH values studied (results not shown).
A. barteri Tannin. At room temperature, tannins

of A. barteri at pH 6 and 7 were stable up to 3 h,
whereas at alkaline pH tannin recovery decreased even
at 30 min (Figure 3a). At 37 °C, recovery of A. barteri
tannins was the same up to 3 h at pH 6, whereas the
recovery started decreasing at 30 min when the tannin
was stored at pH 7 or above. The decrease in recovery
of A. barteri tannins was higher at 37 °C (Figure 3b).
When this tannin was kept on ice, there was no
inactivation at pH 6 and 7 up to 3 h, and at alkaline
pH the inactivation started even at 30 min, although
the rate of inactivation was lower than at room tem-
perature or at 37 °C (results not shown). Among the
three tannins studied, the tannin of A. barteriwas found
to be the most susceptible to inactivation by pH.

Absorption Spectra. The absorption peak of the
assay medium following the butanol-HCl-Fe3+ method
was compared for quebracho tannin at 0 and 18 h.
Similarly, the absorption peak for A. barteri tannin was
compared at 0 and 3 h. Both of these tannins were
maintained in a buffer of pH 11 at 37 °C before analysis
with the butanol-HCl-Fe3+ reagent. For quebracho
and A. barteri tannins, the absorption peaks were 529.5
and 558 nm, respectively, at 0 h, whereas no definite
peak was observed between 400 and 600 nm for que-
bracho and A. barteri tannins stored for 18 and 3 h,
respectively. These results suggested a transformation
in tannins, a probable reduction in the phloroglucinol
ring, and the appearance of carbonyl groups when stored
at alkaline pH (Ohara, 1994).
Protein Precipitation Capacity. The blue pellet

resulting from precipitation of the bovine serum albu-
min-blue dye was not formed for quebracho and A.
barteri tannins stored under alkaline conditions, whereas
the pellet was observed for these tannins stored at pH
6. Similarly for tannic acid, the protein precipitation
capacity for samples stored at pH 11 for 18 h both at
room temperature and at 37 °C, followed by adjustment
of pH to 5, could not be detected. The protein precipita-
tion capacity of tannic acid that had been stored at pH
6 for 18 h and then adjusted to pH 5 was 8.67 mg of
bovine serum albumin/mg of tannic acid. Tannins
stored under alkaline conditions lose their capability to
bind proteins. These results suggested that the trans-

Figure 2. Effect of storage of quebracho tannin solution of
different pH values at room temperature (a; using Folin-
Ciocalteu assay, b; using butanol-HCl-iron reagent).

Figure 3. Effect of storage of A. barteri tannin solutions of
different pH values at room temperature (20 °C; a) and at 37
°C (b) for different lengths of time on assayable tannins using
butanol-HCl-iron reagent.

Table 1. Effect of Stirring Quebracho Tannin Solution in
Buffer of pH 11 Maintained at Room Temperature (20 °C)

absorbance at 550 nma

time (min) unstirred stirred

0.00 0.263 ( 0.008 0.263 ( 0.009
30.00 0.221 ( 0.005 0.218 ( 0.006
60.00 0.209 ( 0.008 0.185 ( 0.002*
180.00 0.189 ( 0.007 0.163 ( 0.004*

a Data are mean ( SD (n ) 3). *Values in the same row are
significantly different at P < 0.01.
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formation of tannins under alkaline conditions leads to
inactivation of tannins.
Effect of Stirring. The results of the effect of

stirring quebracho tannins at pH 11 are presented in
Table 1. Stirring resulted in a higher inactivation of
the tannin, which could be attributed to a higher
exposure of the tannin solution to oxygen as a result of
stirring.
Implications. The above-mentioned results suggest

that tannins can be inactivated by exposing tannin-
containing solutions to oxidizing agents under alkaline
conditions. An increase in treatment temperature can
further increase the rate of inactivation. Tannins
present in various byproducts and tree leaves limit their
utilization as livestock feed. The removal or inactiva-
tion of these tannins can pave the way for better
utilization of these feed resources. The implications of
the present findings in detannification studies could be
twofold: (i) inactivation of tannins in some agroindus-
trial byproducts using an oxidizing agent under alkaline
conditions and (ii) measurements of remaining tannins
in the treated material. The treatment for the inactiva-
tion of tannins can be carried out as mentioned under
Materials and Methods or can be optimized using
different concentrations of oxidizing agent (H2O2) and
the alkali. However, the availability of a proper method
is imperative for monitoring the efficiency of these
treatments. The use of the conventional extraction
medium (70% acetone or 50%methanol) is not sufficient
to measure the remaining true tannins, as the sodium
hydroxide present in the feedstuff after treatment would
be present with the tannins in the extraction medium,
leading to a higher pH during extraction (in the present
study the pH was between 8 and 9), which will lead to
reduction of the recovery of tannins. This is evident
from the negligible levels of total phenols and tannins
observed using the usual extraction medium (Table 2).
This problem was overcome by adding concentrated HCl
to the extraction medium (70% acetone), which neutral-
izes the alkali present. Therefore, in such studies,
extraction of tannins from alkali-treated feeds/foods
needs to be done in aqueous acetone or aqueous metha-
nol containing enough HCl so that at no stage during
extraction does the pH rise above 7 and the pH of the
medium after extraction is almost similar to that
obtained for the untreated sample. To achieve this,
preliminary experiments need to be done by taking
different quantities of HCl in the extraction medium.
In the present study, the pH of the extraction medium
after extraction for the untreated samples varied from

5.9 to 6.0. This pH for the treated samples was achieved
by adding 0.075 mL of the concentrated HCl (37%) in
10 mL of 70% aqueous acetone under the extraction
conditions mentioned under Materials and Methods.
Using these conditions for extraction of tannins from
the treated samples, the tannin levels were higher
(Table 2). This represents the true tannins present in
the treated materials. The use of hydrogen peroxide
under alkaline conditions was found to be very effective
in removal of tannins from some tannin-rich agroin-
dustrial byproducts. This treatment can be optimized
to reduce the cost of treatment. Furthermore, at high
alkaline pH, H2O2 splits to give the hydroxyl free
radical, which reacts with various resistant bonds
present in the lignin molecule, thereby significantly
increasing in vitro dry matter digestibility (Chaudhry
and Miller, 1994).
Conclusions. The present study has shown that

alkaline conditions and the presence of oxidizing agent
lead to inactivation of tannins. This has been (see Table
2) and can be further exploited to detannify tannin-rich
feedstuffs or to make effluents from the tanneries safer.
However, the presence of alkali poses a problem in the
determination of tannins, which can be overcome by
adding a suitable quantity of HCl in the extraction
medium. In the past, various studies were carried out
on removal of tannins from tannin-rich feedstuffs using
alkalis. Although there is ample evidence in the
literature which suggests higher nutritional value of
alkali-treated tannin-rich feeds, in particular sorghum
grains [see reviews: Hahn et al. (1984), Kumar and
Singh (1984), Butler et al. (1986), and Griffiths (1989)],
the actual tannins present in the treated material might
be higher than the levels assayed. This artifact is
expected to be higher for nonvolatile alkalis such as
NaOH, CaO, and K2CO3, as compared to NH4OH which
is volatile. In addition, this offers a possible explanation
to the observation that available protein in the high-
tannin grain following alkali treatment increased, but
not to levels found in low-tannin grain, even though the
residual assayable tannins were negligible (Price et al.,
1979). Similarly, a reduction of 97% in assayable
tannins after faba beans were treated with 4% NaOH
but no significant increase in nutritive value [see
Griffiths (1989)] could also be due to the presence of
levels of tannins in the treated material higher than
the levels assayed. Lately attention has been focused
on the degradation of tannins by microbes (Bravo et al.,
1994; Terril et al., 1994; Nguz et al., 1994; Makkar et
al., 1995a). The pH and temperature mediated inacti-

Table 2. Effect of Hydrogen Peroxide Treatment under Alkaline Condition on the Levels of Total Phenols, Tannins, and
Condensed Tannins in Some Agroindustrial Byproductsa

tannin-rich feedstuff
total phenols

(% tannic acid equiv)
tannins

(% tannic acid equiv)
condensed tannins

(% leucocyanidin equiv)

A. nilotica seeds
untreated 15.30 13.40 3.10
treated 4.4 (71) [1.0] 3.6 (73) [0.2] 0.2 (94) [nd]b

M. indica seed kernels
untreated 13.80 12.40 0.24
treated 5.6 (59) [2.1] 4.9 (60) [1.2] 0.04 (83) [nd]

Q. incana leaves
untreated 11.50 9.70 5.90
treated 1 (91) [nd] 0.4 (96) [nd] 0.03 (99) [nd]

T. indica decorticated seeds
untreated 8.10 5.70 8.30
treated 1 (88) [nd] 0.7 (88) [nd] 0.4 (95) [nd]

a Values are on dry matter basis. Values in parentheses are the percent decrease calculated from the values obtained using the modified
extracting medium (containing HCl) for the treated samples. Values in brackets are those observed by the usual extraction procedure
(the extraction medium without HCl); the pH of the medium after extraction of tannins was >8. b nd, not detected.
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vation of tannins can lead to misleading results. This
problem can be serious with the buffer solution used in
various in vitro rumen studies (Makkar et al., 1995b).
For studying the nutritional, physiological, and biologi-
cal effects of tannins (i) the pH of the tannin-containing
solution should never at any stage be alkaline, (ii) the
solution should be stored at low temperatures, and (iii)
the exposure to oxygen or to any other oxidizing agent
should be avoided; use of antioxidants such as ascorbic
acid, bisulfite, and cysteine may be considered.
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