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ABSTRACT
Gallic acid is used in many fields including dye-making, leather and chemical
industries. Seven agricultural wastes were chosen for their high gallotannin content.
They were apple bagasse, green tea waste, mango seed kernel, olive mill, palm kernel
cake, peat moss and tamarind. Each waste was used as a carbon source instead of tannic
acid in the fermentation medium. Some agricultural wastes under investigation were
already contain free gallic acid especially mango seed kernel followed by green tea waste,
while olive mill, peat moss and tamarind were found to be free from gallic acid. The
highest concentration of liberated gallic acid from wastes fermented by A. niger AUMC
4301 was occurred at the third day of fermentation. After 72h, a sharp decrease in gallic
acid accumulation was noticed. To overcome this sharp decrease, agricultural wastes
were treated with extracellular crude A. niger tannase directly in stead of tannase
producer. The concentration of gallic acid increased gradually and reached its maximum
at 18 h incubation in case of apple bagasse, green tea waste and palm kernel cake. On the
other hand, gallic acid production was delayed for a lag period (12-18) h depends on the
complexity of used agriculture waste.
To increase the tannase productivity by A. niger AUMC 4301, the producer fungus was
irradiated by different doses of γ rays, D10 value was 0.81 kGy. Radiation dose 0.5 kGy
shows a positive effect on tannase productivity. An experiment examined the change in
amino acid profile between irradiated and unirradiated A. niger AUMC 4301 was also
conducted.
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INTRODUCTION
Gallic acid (3, 4, 5-trihydroxy benzoic acid) is a phenolic compound. The chemical formula is
C6H2(OH)3COOH, mainly used in the pharmaceutical industry for the synthesis of antibacterial drugs
trimethoprim (Kar and Banerjee, 2000). Gallic acid is also used in food industry as substrate for the
chemical synthesis of food preservatives such as pyrogallol and gallates (Gathon et al., 1989). It can
be produced by hydrolysis of tannic acid with acid or alkali or microbial tannase. Gallic acid seems to
have antifungal and antiviral properties. It acts as an antioxidant and helps to protect our cells against
oxidative damage. It was found to show cytotoxicity against cancer cells, without harming healthy
cells. Gallic acid is used as a remote astringent in cases of internal haemorrhage. It is also used to treat
albuminuria and diabetes. Some ointment to treat psoriasis and external haemorrhoids contains gallic
acid have been recently described by physicians. Gallic acid finds applications in many fields
including dye-making, leather and chemical industries. It can be used in the manufacture of ordinary
writing inks and dyes, as photographic developer (Mukherjee and Banerjee, 2003 a, b). Tannase or
tannin-acyl-hydrolase (EC 3.1.1.20), is an extracellular and inducible enzyme, which catalyses the
hydrolysis of gallotannins releasing glucose and gallic acid (Barthomeuf et al., 1994).
Microorganisms are the main source for industrial enzymes due to their biochemical diversities,
technical and financial advances, Tannase is usually obtained from bacteria, some yeasts and
filamentous fungi, mainly from the following species: Aspergillus, Penicillium, Fusarium and
Thichoderma (Aguilar et al., 2007)
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The exposure of cells to ionizing radiation sets off a chain of reactions giving rise to
chemical and then to metabolic or physiological changes. So, irradiation presents an
additional stress to the cell, which tends to disturb their organization. Irradiation effects have
been shown to be occurring with proteins, enzymes, nucleic acids, lipids and carbohydrate,
all of which may have marked effect on the cell. The dose response curve presents the relation
between the radiation dose (kGy) and the number of microorganisms surviving. The radiosensitivity of
microorganisms is expressed in terms of D10 values. The D10 value is the doses required to
reduce the initial population to 90%. These values are useful in calculating sublethal doses and to
know the relative sensitivity of a microorganism to gamma radiation. Ionizing radiation has a
mutagenic action on microorganisms. Low-dose irradiation of microorganisms may produce mutations
which may conceivably be describe in producing products of ultimate importance such as antibiotics,
organic acids, amino acids, vitamins , alcohols and pigments. Previous studies showed the positive
effect of gamma rays on the microbial productivity of β-glucosidase (Macris, 1984), -galactosidase
(El-Fouly et al., 2001), phosphatase (Omar and El-Bialy, 2010) and volatiles compounds (El-Fouly
et al., 2010).
Gallic acid production by A. niger tannase using cheap agricultural wastes with high gallotannin
content is the main aim of this study. As well as, employing gamma rays to increase the tannase
productivity by A. niger AUIMC 4301.
MATERIALS AND METHODS
Microorganism
Aspergillus niger AUMC 4301 is locally isolated from soil and identified at Mycological Center
(AUMC). Assuit University, Egypt.
Gallic acid production by solid state fermentation
A. niger AUMC 4301 was cultivated in 250 ml Erlenmeyer flask containing 10g of wheat bran as
support material for solid state fermentation, 3g of tannic acid as sole carbon source and 10 ml of
mineral salt solution as control medium. The composition of the salt solution (g/l) was: NH4NO3, 2;
KH2PO4, 1; MgSO4.7H2O, 2; CaCl2.2H2O, 0.002. The pH of the medium was adjusted at 5.7. Seven
agricultural wastes named apple bagasse, green tea waste; mango seed kernel, olive mill, palm kernel
cake, peat moss and tamarind were collected from local market. The productivity of gallic acid by A.
niger AUMC 4301 (Producer fungus) was investigated using previous mentioned agricultural wastes
as carbon sources instead of tannic acid in the control medium. Gallic acid was assayed during the
fermentation process at 0, 3, 5, 7, 10, 12 and 14 days. In individual experiment, gallic acid
productivity by crude extracellular tannase (Without producer fungus) was estimated at different time
intervals (3, 6, 9, 12, 18, 24 and 42 hours) using previous mentioned agricultural wastes rich in
gallotannins as substrate.
Analytical methods
Tannase was extracted from the fermented medium of the cultures cultivated under SSF conditions by
adding 80 ml of 0.02 M acetate buffer, pH 5 and shaken for 1 hr at 200 rpm. The buffer containing the
enzyme was filtered through cloth filter and whatman No. 1 filter paper. The filtrate was used as the
crude extracellular tannase. To avoid the presence of any phenolic compounds that may interfere with
the determination of protein by the method of Lowry et al. (1951), the extracted crude enzyme was
dialyzed against distilled water for 24 hr using dialysis bag (Medicell International Ltd).
Tannase
activity was determined spectrophotometrically using tannic acid as a substrate according to the
method of Mondal et al. (2001). One unit of tannase activity is defined as the amount of the enzyme
required to hydrolyze 1µmole of tannic acid in 20 min under the standard assay conditions. Specific
activity is expressed in units/mg protein. Gallic aid was determined spectrophotometrically depending
on the method of Pinto et al. (2006) using ethanolic rhodanine method. Gallotannin concentration was
determined according to the method described by Bajpai and Patil (1996).
Irradiation studies.
To study the effect of increasing doses of gamma radiation on tannase production by A. niger AUMC
4301, spore suspension of the fungus under study was exposed to different irradiation doses (0.25, 0.5,
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0.75, 1, 1.25 and 1.5 kGy) and inoculated individually to solid state fermentation medium. After 5
days, the crude extracellular tannase was extracted and assayed as previously mentioned before.
Cobalt-60 model Indian gamma cell located at the National Center for Radiation Research and
Technology, Atomic Energy Authority of Egypt was used as source of γ rays; the dose rate at the time
of the experiment was 1.5 kGy/ h. In addition, D10 value for A. niger AUMC 4301 was investigated
using spore suspension irradiated in the range of 1-4 kGy. D10 value of A. niger AUMC 4301 was
calculated from the regression linear equation. Czapek-Dox agar medium was used for the count of
fungal spore survivors before and after irradiation. Protein profile of A. niger AUMC 4301 before and
after irradiated by 0.5 kGy was also studied (Suzanna, 1998). Firstly, 5 ml of performic acid was
added to 50 mg of fungal dry mats to avoid methionine and cystine destruction. Then, 5 ml of 6N HCl
was added to the oxidized mixture, sealed and put in an oven at 110°C for 24 h before dryness in a
rotary evaporator. The dried film of the hydrolyzed sample was re-dissolved in sodium citrate buffer
(pH 2.2). Finally, total amino acid composition was estimated using high performance amino acid
analyzer. Biochom 20, Pharmacia Biotech located at the NCRRT.
RESULT AND DISCUSSIONS
Production of gallic acid from different agricultural wastes by A. niger AUMC 4301
Gallic acid is commonly used in the pharmaceutical industry since it has antioxidant, antifungal and
antiviral properties. It is also used to treat albumin urea and diabetes moreover it is used for making
dyes and inks. Gallotannin-rich agricultural wastes including apple bagasse, green tea waste, mango
seed kernel, olive mill, palm kernel cake, peat moss and tamarind were applied as supports for solid
state fermentation of A. niger AUMC 4301. Table (1) showed that all the studied agricultural wastes
containing gallotannin but with different degrees starting with apple bagasse which had the highest
gallotannin concentration followed by green tea waste. Some of these wastes contain free gallic acid
especially mango seed kernel followed by green tea waste, while olive mill, peat moss and tamarind
were found to be free from gallic acid. The results revealed that A. niger AUMC 4301 was able to
utilize gallotanin present in all tested wastes as a carbon source and began to liberate gallic acid in the
medium after the third day of incubation. The amount of estimated gallic acid for each agricultural
waste at different incubation times was hesitated, this could be explained by the fact that produced
gallic acid was consumed rapidly as a readily available carbon source by A. niger AUMC 4301. This
phenomenon was reported elsewhere by many authors. Mahadevan and Sivaswamy (1985) explained
the decrease in gallic acid by the ability of A. niger to degrade gallic acid itself and/or intermediates of
its degradation including cis-aconitic, α-ketoglutaric and citric acids. In addition, Saxena et al. (1995)
mentioned that Aspergillus and Penicillium spp. could utilize catechin, gallotannin and gallic acid as
carbon sources. Nalan and Merih (2009) recorded that for different species of Aspergillus and
Penicillium, the initial increase in gallic acid production, from gall nuts and sumac leaves, was
followed by a clear decrease.
Table (1) Production of gallic acid from different agricultural wastes by A. niger AUMC 4301.
Gallic acid conc. (mg.ml-1)
Days
Wastes
Gallotannin
conc.(mg/ml)
Apple bagasse
Green tea waste
Mango seed
kernel
Olive mill
Palm kernel cake
Peat moss
Tamarind

0

3

5

7

10

12

14

21.0
19.3
11.0

0.50
2.51
9.60

1.96
3.95
10.6

0.40
2.40
3.10

0.50
0.18
1.21

0.55
0.42
2.00

0.56
0.86
0.70

0.66
0.32
1.62

9.50
6.53
4.40
8.97

0.00
0.30
0.00
0.00

0.18
0.46
0.31
0.45

0.24
0.18
0.20
0.15

0.27
0.09
0.00
0.06

0.35
0.25
0.30
0.09

0.43
0.20
0.18
0.45

0.33
0.18
0.10
0.02
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Gallic acid formation of by the action of extracellular tannase of A. niger AUMC 4301
The previous experiment cleared that gallic acid production by A. niger AUMC 4301 is not ideal
for industrial application unless the liberated gallic acid from the agricultural wastes is withdrawn
continuously out of the fermentation medium, thus, the following experiment was carried out to
overcome this disadvantage by incubating the wastes directly with the crude enzyme produced by A.
niger AUMC 4301 for different time intervals ranging from 3 to 42 h, thereafter, the amount of gallic
acid formed was determined. Gallic acid production didn't start before 12 h in fermented olive mill and
tamarind whereas its accumulation didn't observed before 18 h in case of peat moss (Table 2). This
variation could be attributed to the complexity of these wastes. It is also evident from the results that
the concentration of gallic acid was increased gradually and reached its maximum at 18 h for almost
studied agricultural wastes. After that, the level of gallic acid formed was decreased. The decrease in
the rate of gallic acid formation may be either due to competitive inhibition of gallic acid or
denaturation of the enzyme as a result of prolonged incubation period. Additionally, gallic acid may
enter in another pathways catalyzed by other enzymes present in the crude preparation of tannase.
Gallic acid (soluble phenolics) may also polymerize to form macromolecule. Vazquez-Duhalt et al.
(1994) stated that the decrease in measurable soluble phenolics could be in response to the
polymerization of the released soluble phenolics at the late stage of incubation.
Table (2) Gallic acid formation by the action of extracellular tannase of A. niger AUMC 4301
Gallic acid conc. (mg/g)
Incubation
time (h)
Wastes
Apple bagasse
Green tea waste
Mango seed kernel
Olive mill
Palm kernel cake
Peat moss

0

3

6

9

12

18

24

42

5.00
25.1
96.0
0.00
3.00
0.00

15.5
43.0
83.0
0.00
5.00
0.00

19.0
49.0
88.0
0.00
6.50
0.00

22.0
59.0
91.0
0.00
9.00
0.00

25.0
65.0
93.3
20.0
22.0
0.00

43.2
76.5
103.6
35.7
39.0
26.8

39.5
56.5
96.5
26.8
21.9
8.50

26.1
51.1
94.5
21.5
10.6
0.00

Tamarind

0.00

0.00

0.00

0.00

3.00

28.1

17.5

10.5

Effect of gamma rays on the productivity of A. niger AUMC 4301 tannase
For radiation microbiological view, the over-expression of A. niger AUMC 4301 tannase using
gamma rays is interesting effort. Gamma rays mean the emission and propagation of energy through
space or through a material as a wave motion. Microorganisms differ greatly in their resistance to
gamma radiation. Moreover, radiation resistance of the same microorganism differs with species and
even with strains. For individual microorganisms, D10 values are very important and useful to
determine the lethal dose. It is known that any recommended radiation dose which stimulates a
function in microorganisms must be less than sublethal dose which may be used to select mutants from
the survival organisms after irradiation of microbial strain. Exposure of A. niger AUMC 4301 to
different gamma radiation doses showed that the count of fungal colonies decreased by increasing
radiation doses. The dose response curve was belonged to type A, which indicated simple exponential
relationship with a constant slope over the whole dose range (fig 1). The calculated D10 value was 0.81
(Table 3) indicating that A. niger AUMC 4301 strain is moderately radio resistant. Sommer (1973)
concluded that the D10 values of all fungi were in the range from 0.15 to 1.0 kGy. Osman (1973)
found that the most radioresistant species of fungi were A. niger, Cladosporium herbarum, Penicillium
notatum and Alternaria humucola as compared with other isolates of fungi. El-Hadi (1986) stated that
the D10 values of A. flavus, A. niger and A. terreus were 0.438, 0.853 and 0.403 kGy in the same order.
Risk et al. (2000) reported that D10 values of A.niger, A. flavus and P. chrysogenum were o.775. 0.59
and 0.63 kGy, respectively. Tauxe (2001) reported that the high energy rays of irradiation directly
damage the DNA of living organisms, inducing cross-linkages and other changes that make the
organism unable to grow or reproduce. When these rays interact with water molecules in an organism,
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they generate transient free radicals that can cause additional indirect damage to DNA. Incomplete
inhibition may result from a little injury of cells (Aubrey, 2002), while complete inhibition of fungal
growth has been reported that to be due to destruction of DNA structure of the cells by gamma rays, and
the cells cannot continue their functions (Smith and Pillai, 2004). Since A. niger AUMC 4301 is
moderately resistant to gamma rays, low dose levels were used to enhance the fungus strain to produced
more tannase. Figure (2) showed that the maximum tannase productivity of A. niger AUMC 4301 was
achieved at 0.5 kGy. Several studies recorded that the stimulative effect of low doses of gamma radiation
results in an increase in microbial growth and metabolic activities. In the mean time, high doses of gamma
radiation were proved to be inhibitory for both growth and enzymatic activities of microorganisms (Sadi,
1987). Helal et al. (1987) recorded that maximum metabolic activity of Trichoderma koningii and A. niger
were obtained after exposure to radiation doses of 0.1 and 0.25 kGy, respectively. The study of Gherbawy
(1998) showed that the lowest dose of gamma irradiation enhanced virulence of A. niger by producing
more polygalacturonase, cellulase and protease, while the higher doses were inhibitory to the growth of
fungi. Also, he showed that production of polygalactronase, pectinmethylgalactironase, cellulase and
protease enzymes was enhanced by the low dose of irradiation, but at higher doses, production was
significantly reduced. On the other hand, Omar and El-Bialy (2010) demonstrated that irradiation doses
equals 1 and 1.5 kGy enhanced phosphatase activety of Bacillus megaterium ATCC 19213 and Bacillus
subtilis ATCC 6633 by nearly three and two folds respectively.
Table (3) Effect of increasing doses of gamma radiation on spore viability of A. niger AUMC
4301.
Radiation dose
(kGy)
0.0
1.0
2.0
3.0
4.0
D10

Survivor number
1.84 x 106
1.00 x 105
1.00 x 104
2.00 x 102
3.00 x 10

Log (N)

6.26
5.00
4.00
2.30
1.48
0.81 kGy

Log (N/N0)
0.00
-1.30
-2.30
-3.90
-4.88

Fig. (1) Dose response curve of A. niger AUMC 4301. Fig. (2) Effect of low doses of gamma
irradiation the productivity of A. niger AUMC 4301 tannase.
Amino acids profile of A. niger AUMC 4301 spores before and after irradiation
Gamma radiation is energy. When the cells are exposed to this energy, the organic cell contents
usually absorb it causing changes in their chemical bonds, thus leading to changes in the organic
molecules either carbohydrates, proteins or lipids. A change in protein molecules is the most important
one which affect cell metabolism i.e. the amino acid. Total amino acid profile of A. niger AUMC 4301
changed slightly after exposure to 0.5 kGy of gamma radiation (table 4). Thus, it indicates that the
fungus showed resistance to gamma radiation due to its contents of cystine, methionine and histidine.
Our results agreed with some studies which demonstrated that certain amino acids specially those
containing sulphur bond (cysteine, cystine and methionine) and that having double bond (histidine)
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gave the organism high resistance to gamma radiation since they work as scavengers to the free
radicals occurred due to the effect of ionizing radiation on the water molecules (Milligan et al., 1995
and Winters et al., 1995). In this respect, Jacqueline et al. (1996) mentioned that high concentration
of sulphur amino acids in bacterial cells enable them to tolerate the effect of high doses of radiation
through scavenging the free radical so, protecting DNA against oxidative damage of radiation. Dahl et
al. (1988) demonstrated that histidine and N- alanyl-methyl histidine showed a protective effect
through lessing lethality and single strand break in DNA scavenging free radicals making the bacterial
strain bear the induction of radiation resistance. Thus the slight changes in the 17 amino acids detected
in A. niger AUMC 4301 before and after exposure to o.5 kGy of gamma rays indicating that 0.5 kGy
change the over-expression of A. niger AUMC 4301 tannase positively by altering the amino acids
composition slightly.
Table (4) Total amino acid profile of A. niger AUMC 4301 before and after irradiation.
Conc. of amino acid (%)
Amino acid

Un irradiated
(Control)

Irradiated by
0.5 kGy

Alanine

0.20

0.22

Arginine

0.38

0.40

Aspartic

0.40

0.38

Cystine

0.28

0.26

Glutamic

0.34

0.36

Glycine

0.26

0.24

Histidine

0.40

0.46

Isoleucine

0.50

0.46

Leucine

1.40

1.46

Lysine

0.42

0.44

Methionine

0.04

0.12

Phenylalanine

0.44

0.48

Proline

0.14

0.14

Serine

0.32

0.30

Threonine

0.38

0.36

Tyrosine

0.64

0.66

Valine

0.38

0.38

6.92

7.12

Total amino acid (%)
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