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A Study of Tannic Acid Degradation by Soil Bacteria
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Abstract: A tanmn-degrading strain of Bacillus sp. AB1 was 1solated from a garden soil by enrichment. This
organism was able to utilize 1% (w/v) tannic acid-a gallotanmn at 30°C and pH below 4.5 mn a defined mineral
medium where the acid was the sole source of carbon and energy under 96 h. Growth resulted in increase in OD
concomitant with gradual decrease in pH of the culture medium. Analysis of the culture fluid by paper
chromatography revealed glucose and gallic acid as major metabolites of tannic acid degradative pathway.
Mineralization of tanmec acid was informed when none of the metabolites was recovered after 96 h of incubation.
The degradation potential of this isolate could be exploited for the production of tannase, improvement of
livestock production and also detoxification of tannery effluents at extreme acidic conditions.
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INTRODUCTION

Biological degradation is adjudged as an important
mechamsm of orgamc chemical removal in natural
systems, owing to its environmental compatibility and
plasticity. Consequently, microbial metabolic potentials
are widely exploited for a number of ndustrial applications
mcluding decommissiomng of environmental pollutants.
Animportant group of contaminants from which efficient
treatment methods are needed are aromatic compounds.
Aromatic compounds such as polyphenols comprise the
second largest group of natural products, in addition to a
variety of xenobiotics that are man-made aromatic
pollutants.

Tannins are water-soluble polyphenolic secondary
metabolites of higher plants which are either galloyl esters
or their derivatives (Khanbabae and Ree, 2001). They are
the fourth most abundant plant constituents following
cellulose, hemicellulose and ligmins; and together with the
latter are the most abundant and widely distributed
phenolic polymers of higher plants (Brooker et al., 1999,
Mingshu et al, 2006). They widely occur in common
foodstuffs such as tea, strawberry, grape, mango, walnut,
cashew nut etc., (Clifford and Scalbert, 2000). On the basis
of their structural characteristics, tanmins are divided into
four major groups namely, gallotannins, ellagitannins,
complex tannins and condensed tannins (Mingshu et al.,
2006). The most farmmous source of gallotannins 1s tannic
acid, which 13 m the form of a yellowish-white or pale
brown powder usually obtamned from twig galls of
Rhus semialata.

In animals, especially ruminants, tannins have toxic
or nutritional effects, which can reduce feed intake and
lower nutrient digestibility and protein availability
(Lowry et al., 1996, Van Soest, 1994). The reasons being
that tanmns can form complexes with protein, starch and
digestive enzymes and reduce the nutritional qualities of
feeds (Chang et al., 1998). Tannins have long been
considered toxic to microorganisms and this activity is
mainly due to enzyme mlubiton and substrate
deprivation, action on membranes and metal ion
deprivation (Reed, 1995). Nevertheless, some fungi yeasts
and bacteria are quite resistant to tannins and can also
degrade them (Scalbert, 1991; Mingshu et al., 2006).
Amongst bacterial species with ability to degrade these
polyphenolics are Citrobacter, Streptococcus and
Corynebacterium (Mingshu et al., 2006).

Owing to encouraging results recorded from various
investigations, tarmin degradation by microorgamsms are
now exploited at industrial scale for the production of
tammase, detanification of foods, melioration of fodder,
upgrading of beverages and decontamination of tannery
effluents. Although, degradation of tannins is widely
reported in the literature, but reports describing isolation
and characterization of tannin degradation from African
tropical environments are very scarce in view of the fact
that tannery effluents emanating from industries are
indiscriminately discharged into the environment. The
purpose of the present study therefore was to 1solate
tannin degrading bactenal strain from soil and to ascertain
its growth characteristic on tammic acid (a major
constituent of tarmery effluent) when used as the sole
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source of carbon and energy. In addition to its
environmental importance, the orgamsm may also be
useful as a microbial cell for effective conversion of
wastes in tammery effluent to wealth.

MATERIALS AND METHODS

Enrichment, isolation and characterization of bacterial
cultures: Tnitial enrichment culture was established by a
soil sample collected from the Biological garden,
University of Lagos, Nigeria in a Mimimal Salts (MS3)
medium previously described by Mondal et al. (2001). An
antibiotic (amphoteric B) was added to inhibit fungal
growth and the pH was adjusted to 4.5. The medium was
dispensed into 500 mL Erlenmeyer flask and sterilized by
autoclaving. One gram of the soil was used to noculate
the medium and 1% (w/v) tannic acid was added as the
sole carbon source. Incubation was performed at room
temperature (30°C) for 96 h. Following intense turbidity of
the medium, the enrichment culture was transferred into a
fresh MS medium using 2% moculum and incubation
continued for another 96 h. The culture was serially
diluted up to 107 and aliquots of appropriate samples
were spread on MS agar already supplemented with 1%
(w/v) tannic acid. The plates were incubated at 30°C for
96 h. Developed colomnies were purified on nutrient agar
and classified on the basis of their cultural and
biochemical properties.

Growth of isolates on tannic acid: The biodegradation
experiments were performed m 250 mL flasks which
contained 50 mL of MS medium supplemented with 1%
(w/v) tannic acid. Tanmc acid was filter-sterilized before
1t was added to the autoclaved medium. Optical density
(wavelength 540 nm) and pH readings were determined
periodically as biodegradation indices. The data reported
are the average of the values obtained from triplicate
experiments.

Detection of degradation products: The degradation
products were detected by paper chromatography. The
ascending chromatography. The
solvent system was butanol/acetic acid/water at 4:1:1
(Mondal et al., 2001). The components on the paper plate
were visualized by heating after spraying with ferric
chleride in 30% methanol.

method used was

RESULTS AND DISCUSSION

The use of microorgamsms or their bioactive
compounds for the transformation of tannins 1s gaiung

worldwide attention. This has resulted in unprecedented
investigation into 1solation of competent microbial strains
and the end product distribution of tannin metabolic
pathways. In the present study, the method of batch
enrichment on tannic acid was used to isolate 2 bacterial
cultures namely, AB] and AB2. However, only the former
was use for further studies on the basis of rapid and
extensive growth on tamnic acid. Typical cultural
morphologies of AB1 on nutrient agar are fast spreading
creamy white large colony, on tannic acid agar, the colony
was tiny, round, irregular and dry-surfaced. Cellular
characteristics revealed Gram-positive, spore-forming,
motile long rods. Additionally, the 1solate was catalase,
oxidase, H,S and indole-positive. Gelatin and starch were
hydrolyzed and most sugars were fermented. The isolate
was subsequently classified as Bacillus sp. ABI
following the taxonomic scheme of Buchanan and
Gibbons (Holt et ai., 1994).

Figure 1 shows the potential of Bacillus sp. ABl 1n
degrading tannic acid under batch conditions. The
utilization of tlus acid as the sole carbon and energy
source resulted in increase in OD typified by intense
visual turbidity with a concomitant production of acidic
metabolites as indicated by further decrease in the pH of
the culture fluid. The ability of the organism to grow
effectively on 1% tanmnic acid was consistent with earlier
studies (Deschamps et al., 1980, Gandhi, 1990). These
authors reported that Bacillus pumilus, B. polymyxa,
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Fig. 1: Time course for degradation of tannic acid. (+),
OD; («), pH. In the controls without cells, no
appreciable increase in OD was observed. Data
represent the averages and standard deviations of
triplicate determinations. Large error bars were due
to differential response of cells to substrate in
replicate tubes
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Corynebacterium sp. and Klebsiella pnewmonia were
able to grow on 1% (w/v) gallotannins. Tn contrast,
growth of the more common ruminal Streptococcus such
as S. bovis, was inhibited by gallotannins at concentration
lower than 0.5%.

The ability of microorganisms to degrade tannins has
been attributed to production of tannase, an important
enzyme capable of catalyzing gallotarmins to gallic acid
and glucose. Interestingly, analysis of the culture fluid of
ABl1 revealed these two compounds as the only
metabolites of tannic acid degradation (Fig. 2). Recently,
Mondal and Pati (2000} using paper chromatography
1dentified gallic acid as the major metabolite m the culture
thud of Bacillus licheniformis KBR6 obtained from laterite
so1l. Detection of this metabolite in this study does not
only suggest tannase production by strain ABI1, but also
mndicates, to some extent, the existence of similar
metabolic pathway in our isolate and B. lickeniformis
KBRé6.

Since extensive growth was observed on tanmnic acid,
it i3 most unlikely that both glucose and gallic acid
metabolites accumulated in the culture medium. Analysis
of the growth medium at 24, 48 and 72 h, indicates the
presence of these metabolites. However, at 96 h, none of
the metabolites was detected. This trend suggests to us
further
mtermediates and therefore potential mineralization of
tannic acid by this organism.

metabolism of gallic acid and glucose

Fig. 2: Paper chromatogram of tarmic acid biodegradation
metabolites. Lane 1, gallic acid sample; lanes 2, 3,
4and 6, culture fluids at 24, 48, 72 and 96 h; lane
6, glucose sample. Gallic acid eluted earlier than
glucose as shown in the first layer. Note that no
metabolites were recovered from culture fluid after
96 h of incubation

CONCLUSIONS

Our findings together with the fact this strain 1s able
to grow on tanmic acid at 1% concentration at pH 4.5 or
below, confer to this bacterium a remarkable potential
for its application in bioremediation and waste water
treatment especially i the stabilization of tannery
effluents. It could also be very valuable in industry for the
production of tannase and also of the detoxification of the
barlk content of animals feed. Furthermore, tannase
may find application
pharmaceutical industries since tannase 1s used in the
manufacture of instant tea and in production of gallic acid,
a substance for chemical synthesis of propyl gallate and
trimethoprim. Other potential uses of tannase are

producers m food and

stabilization of malt polyphenols, clarification of beer and
fruit juices and reduction of antinutritional effects of
tannins in animal feeds.
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