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Microbial production of gallic acid by modified solid state
fermentation
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Bioconversion of tannin to gallic acid from powder of teri pod ( Caesalpinia digyna ) cover was achieved by the locally
isolated fungus, Rhizopus oryzae , in a bioreactor with a perforated float for carrying solid substrate and induced
inoculum. Modified Czapek-Dox medium, put beneath the perforated float, with 2% tannic acid at pH 4.5, temperature
32°C, 93% relative humidity, incubated for 3 days with 3-day-old inoculum was optimum for the synthesis of tannase
vis-a-vis gallic acid production. Conversion of tannin to gallic acid was 90.9%. Diethyl ether was used as the solvent

for extraction of gallic acid from the fermented biomass.
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Introduction Chemicals

. . All chemicals were of analytical grade. Tannic acid was
Tannase (tannin acyl hydrolase) is an extracellularfrom Merck (Darmstadt, Germany).

inducible enzyme which cleaves the ester linkages in
hydrolysable tannins and gallic acid esters. It is an
important enzyme used in the pharmaceutical industry an(;i?é2W material

also for analytical and developmental purposes [9]. Teri pod cover powder is readily available in the eastern

Gallic acid (3,4,5-trihydroxy benzoic acid) is a phenolic X : .
: A : 4 art of India. The pod cover was obtained during pro-
compound and finds application in various fields. The mOS[cJessing of the podpfor recovery of oil. The teri pod %opver

important use is for manufacturing trimethoprim (TMP), an N .
antibacterial agent used in combination with sulfonamide > powdered to 74-423m and varying amounts were

[5]. Itis also used in the leather industry, in manufacturingsélég'\?gr motchealﬁ:(grggicdtor (Growtek, Calcutta, India) for the
gallic acid esters, eg, propyl gallate which is used as ah yorg '
antioxidant, in the manufacture of pyrogallol. Pyrogallol is
used in staining fur, leather and hair, and also as a photo; .
. ' . L . Inoculum preparation

graphic developer [6]. Gallic acid production has beeng " ; . .
reported from myrabolan, tara [12], sumac [13] and Chi_Preér'lduceqlhgg/culum. wasdpreparled uimg Czapek3 Dox
nese tannins. medium witl % tannic acid as sole carbon source [3].

In this study, teri podCaesalpinia digynpcover powder
containing tannin was selected as the substrate fo[:_

. . ) . ! - xperimental set-up
microbial conversion to gallic acid. Moreover, modified Ehe bioreactor is a cylindrical vessel (Figure 1), having a

solid state fermentation (MSSF) has been introduced. The . .
. . . Height of 16.0 cm and diameter 11.3 cm. Near the base on
purpose of using such a system was to improve the yiel he wall is a spout, inclined 250 the vertical axis, having

gra%aélllﬁoizdfuisgttjge microorganisriRhizopus oryzaes a a diameter of 2.6 cm and length 8.5 cm. The body of the

' vessel and the spout are made of polycarbonate whereas

the lids (body and spout) are made of polypropylene.

Materials and methods Through the spout, medium can be removed without dis-
turbing the fermentation. A float is provided inside the ves-
sel, which consists of a base of glass wool cloth having an
area of 72 crhand a periphery made of polypropylene hav-
ing a hollow structure. Fermentation of the solid substrate
is carried out on the float by the induced inoculum. One
advantage of this kind of float is, MSSF can be carried out,
in which the solid substrate placed on the float comes in
contact with the liquid medium in the vessel. The micro-
Correspondence: R Banerjee, Department of Agricultural and Food Engi Qrgamsm added to the -SUbStrate co_nverts th-e S-UbStrat-e Into
eering, Indian Institute of lI'echnology, Kharagpur- 721 302, Wes?the desm_—:-d product, WhICh.Iea.‘Ches into the liquid m‘?d'“m'
Bengal, India The maximum volume of liquid that can be placed in the
Received 14 December 1998; accepted 17 June 1999 vessel is 400 ml.

Microorganism

Rhizopus oryzaéRO, IIT RB-13, NRRL 21498) was iso-
lated from soil on the [IT campus and was maintained in
2% malt extract agar slants.
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activity calculation. One unit of enzyme activity is defined
as the amount of enzyme required to hydrolyzemol of
ester in 1 min. Enzyme activity is expressed as unit'ml
min (1U).

Gallic acid extraction and measurement

The enzyme broth was boiled for 5 min. After it had cooled,
the broth was centrifuged to separate the mycelial mass.
Diethyl ether was added to the supernatant. Gallic acid,
being soluble in the organic solvent, extracted into the
organic layer which was then separated using a rotary evap-
orator. The characterization of gallic acid was further car-
ried out by thin layer chromatography (TLC) and melting
point analysis. Purity of the product was determined by
NMR studies.

Results

Gallic acid production depends on the synthesis of tannase.
Therefore, for maximum tannase production the following
physicochemical parameters were optimized.

Incubation period

Figure 1 Bioreactor (Growtek) for modified solid state fermentation. (1) ThiS is t_he most important parameter for maximum tannase
Transparent polycarbonate body of the bioreactor; (2a) float; (2b) perforproduction. Initially a 120-h-old inoculum was used and

ated base of the float carrying solid substrate and inoculum; (3) side tubfa period of incubation was varied from 24-96 h. Up to

to the vessel to facilitate medium changes or sample collection; (4)72 h there was a rise in tannase activity, after which it

threaded lid for sterile aeration; (5) threaded lid to side tube; (6) float .
holder. © ©) o2 yecreased (Figure 2).

Tannin estimation Substrate variation

The tannin content of the crude extract was determined by "€ amount of substrate was varied from 5-40 g, while
adding the sample to a standard solution of BSA, isolatind‘®€Ping the liquid volume constant (50 ml). After incu-
the tannin protein complex, dissolving it in alkaline solution Pation for 72 h, it was found that 20 g gave optimum tan-

and measuring the absorbance at 510 nm after adding ferr}@S€ activity. There was an initial rise in the activity up to
chloride [7]. 20 g after which it decreased (Figure 3).

Tannase production

Varying quantities of powdered teri pod cover were placed
in bioreactors to which Czapek-Dox medium (NaNO
0.25%, KH,PO, 0.1%, MgSQ 0.05%, KCI 0.05%, teri pod
cover powder 2.0%) was added. It was then autoclaved at '}
121°C for 15 min and after it had cooled, it was inoculated
with a preinduced culture d®hizopus oryzaand incubated 10f
for enzyme production under different conditions. After fer- £
mentation, the culture broth was centrifuged to separate the
mycelial mass, and supernatant containing the enzyme was
processed for assay. <

14

frmt)

o
T

Tannase At

Tannase assay
Tannase activity was determined spectrophotometrically [8].
Enzyme solution (ie, broth) 0.5 ml was added to 2.0 ml
of 0.35% (w/v) tannic acid solution in 0.2 M acetate buffer 2
(pH 5.0) placed in a test tube. The reaction mixture (20
was taken out and 2.0 ml of 95% ethanol was added ¢ ‘

to itto stop the enzyme reaction. The absorbance at R O compt S
310 n-m was noted immediatelyt,) oThe test mbe was Figure 2 Effect of incubation period on tannase production at constant
then incubated in a water bath at °€7 for Smin (), H (4.5), temperature (3€), relative humidity (93%), particle size
after which ethanol was added to the reaction mixture tQ74 um), inoculum age (120 h), substrate content (20 g) and solid to liquid
stop the enzyme reaction. The absorbance was noted faetio (0.4:1).
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Figure 3 Effect of substrate content on tannase production at constantigure 5 Effect of inoculum age on tannase production at constant pH
pH (4.5), temperature (32), relative humidity (93%), particle size (4.5), temperature (3€), relative humidity (93%), particle size (74m),

(74 wm), inoculum age (120 h), solid to liquid ratio (0.4:1) and incubation inoculum period (72 h), substrate content (20 g) and solid to liquid ratio
period (72 h). (0.4:1).

pH

To observe the effect of initial pH on tannase production,
the liquid medium under the float was adjusted to different
BH levels ranging from 3.0—6.5. Maximum synthesis of tan-
nase was observed at initial pH 4.5 (Figure 6).

Variation of volume of medium

Keeping the substrate content constant (20 g), the solid t
liquid ratio was varied from 0.067-0.8. It was found that
0.4:1 (solid-liquid ratio) gave optimum enzyme activity

(Figure 4). Temperature

The optimum temperature for maximum tannase production

Inoculum age . . was 32C when the temperature was varied from 20220
Tannase is an inducible enzyme, therefore inoculum WagEigure 7).

cultured in the presence of 2% tannic acid, varying the
incubation period from 24-96 h (Figure 5). A 72-h-old Relative humidity

i”ocg'“.m gave maximum tannase production with 72 h ofgy yeening the above parameters optimum, the culture was
Incubation. subjected to humidity variation of 67-94% in a humidifier
(Biotron LPH 200, Nippon Medical and Chemical Instru-

14

=
o
T

Tannase Activity  (U/mf)
s

Tannase Activity (U/mi)
]
T

D
T

2 L L

1 1 1 2
0 0.1 0.2 03 04 05 06 07 08 09 25 3 35 4 45 5 55 6 65 7
Solid to liquid ratio (g/ml) pH

Figure 4 Effect of solid-liquid ratio on tannase production at constant Figure 6 Effect of pH on tannase production at constant temperature
pH (4.5), temperature (32), relative humidity (93%), particle size (32°C), relative humidity (93%), particle size (#4m), incubation period
(74 pm), inoculum age (120 h), incubation period (72 h) and substrate(72 h), substrate content (20 g), solid to liquid ratio (0.4:1) and inoculum
content (20 g). age (72 h).
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Figure 7 Effect of temperature on tannase production at constant pHFigure 9 Effect of particle size on tannase production at constant pH
(4.5), relative humidity (93%), particle size (74n), incubation period  (4.5), temperature (3€), substrate content (20 g), solid to liquid ratio
(72 h), substrate content (20 g), solid to liquid ratio (0.4:1) and inoculum(0.4:1), incubation period (72 h) and inoculum age (72 h) and relative
age (72 h). humidity (93%).

ments Co Ltd, Osaka, Japan) with controlled humidity and®'S€USSion

temperature. Maximum production of tannase was at 93%nzyme activity (U mi?) was high when 20 g of substrate,

relative humidity (Figure 8). and a 72-h-old inoculum (on float), was kept in contact with
50 ml of Czapek—-Dox medium (in vessel) having a solid-
Particle size liquid contact area of 72 cfnin the bioreactor for an incu-

Particle size plays an important role in solid state fermenbation period of up to 96 h. After 72 h of incubation, the
tation. Under the experimental conditions, finer particlesyield of gallic acid was maximum. The enzyme, tannase,
gave higher tannase production (Figure 9) when the studitydrolyzes the ester bonds of tannin in the substrate to pro-
was carried out with particle size varying from 74— duce gallic acid and glucose [4]. The initial increase in

422 pm. enzyme activity up to 72 h and its subsequent decrease may
be due to catabolite repression [2]. Another reason for the
Yield of gallic acid initial rise followed by a decrease in tannase is possibly

Fermentation was carried out using the above optimunmdue to the secretion of toxic substances, like catechuic acid,
conditions, and gallic acid was recovered using diethyl2,6-dihydroxy benzoic acid and pyrogallol which can cause
ether as mentioned in Materials and methods. Under theseell lysis. A third possibility is metabolite regulation which
conditions the percentage yield of gallic acid based on tanis related to the release of gallic acid. In MSSF conditions,
nin content of raw material was 90.9%. the optimum incubation period was 72 h, whereas in both
SSF (solid state fermentation) and SmF (submerged
16 fermentation) conditions the optimum incubation period
was 120 h.

Substrate quantity is an important parameter for gallic
acid production. It was found that 20 g of powdered teri
pod cover kept on the float of area 72%<gave optimum
2 enzyme activity. The reason for the observed decline in
tannase activity and also gallic acid production with
increasing substrate quantity can be attributed to the forma-
tion of intermediate hydrolysates binding competitively or
non-competitively with the active sites of the enzyme. Gal-
lic acid itself can also act as a competitive inhibitor [8].
Further, as gallic acid contains hydroxyl groups, these
could form hydrogen bonds with the amino acids present
in the active sites of the enzyme leading to conformational

Relative Humidity (%) changes. Another reason for the decrease in gallic acid pro-
duction with the increase in substrate quantity on the float
Figure 8 Effect of relative humidity on tannase production at constant may be due to an increase in bed height causing insufficient

pH (4.5), temperature (3€), substrate content (20 g), solid to liquid ratio . : [ . . .
(0.4:1), particle size (74m), incubation period (72 h), and inoculum age diffusion of liquid through the entire bed, resulting in

(72h). (1) 24 h of incubation; (2) 48 h of incubation; (3) 72 h of incu- INCOMplete hydrolysis of substrate to gallic acid.
bation. Solid-liquid ratio also influences enzyme activity. When
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the solid-liquid ratio was varied from 0.067-0.8, keepingstrate on the float, heat accumulation in the bed is
the solid content constant (20 g), there was an increase iminimized. Again, in the MSSF conditions, due to the con-
activity of tannase up to 0.4:1 followed by a decrease wherttact of liquid with the substrate, the product leaches into
incubated for 72 h. Tannase is an extracellular enzymé¢he liquid medium bringing about reduction in product
which gets diluted with the increase in liquid volume, lead-accumulation in the substrate and thereby protecting the
ing to a decrease in activity. Further, with higher solid con-organism from feed-back inhibition [14].
tent, the volume of liquid medium is insufficient for com-
plete leaching of the product from the fermented biomassR
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