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                              Introduction 
  

    Tannins (polyphenols and catechins) are distributed in 
species throughout the plant kingdom. They are commonly 
found in both gymnosperms as well as angiosperms. 
Histologically tannins are mainly physically located in the 
vacuoles or surface wax of plants. These storage sites keep 
tannins active against plant predators.  
    Tannins themselves are found principally in the bark, leaves 
and immature fruits of a wide range of plants. They form 
complexes with proteins and other plant polymers such as 
polysaccharides. It is thought that the role of tannins in nature 
is one of the plant defense mechanisms. They have an 
astringent, aversive taste that is off-putting to wannabe 
herbivores. As an animal or insect begins to munch on plant 
tissues, the tannins are released from cellular compartments 
and bind with the proteins and other cell components, making 
them taste unpleasant and rather indigestible.  
    Tannins are found in many foods and drinks such as tea 
plant, pomegranates, persimmons (kaki), berries (especially 
cranberries, strawberries and blueberries), nuts (especially 
hazelnuts, walnuts and pecans), beer, herbs and spices 
(especially cloves, tarragon, cumin, thyme, vanilla and 
cinnamon), legumes (especially red colored beans) and 
chocolate (6% tannins). It is worth to mention that apple 
juices, grape juices and berry juices are all high in tannins. 
Sometimes tannins are even added to juices to create a more 
astringent feel to the taste.  
    Chemically, tannins are large molecules made up of 
monomers. The monomers here are phenolic compounds that 
are joined together in a bewildering array of combinations, and 
can be further modified chemically in a myriad of different 
permutations. Tannins were originally used to tan animal hides 
and in leather manufacturing processes.  
    Tannins are soluble in hot water, methanol and ethanol. 
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They form slightly soluble complexes with proteins, heavy 
metals and alkaloids. Like all polyphenols, they are sensitive 
to oxidation, air oxidation, enzymatic condensation and acid 
condensation cause the colorless compounds to polymerize 
and become darkly colored, physiologically inert compounds.  
    Tannins and polyphenols demonstrate a multitude of 
pharmacological effects, not least because of their anti 
oxidative and adsorptive properties, but they also have 
antisecretive and antiperistaltic effects in the treatment of 
diarrhea, antibacterial, antiviral, anticarcinogenic, 
antiphlogistic, antiexudative and antiallergic, antioxidative, 
like many other polyphenols. A chemo-preventive effect is 
ascribed to them in the treatment of ischemia, cancer, arterial 
sclerosis and rheumatic arthritis because of their radical 
scavenging properties. On the other hand, if tannins are 
ingested in extensive quantities, they inhibit the adsorption of 
minerals such as iron, which may if prolonged, lead to anemia 
because they are metal ion chelators. So, it is advice to drink 
tea and coffee between meals, not during.  
     Tannase, also referred to as tannin acyl hydrolase (EC 
3.1.1.20), is an inducible enzyme, produced by fungi, bacteria 
and yeast. It is mainly used for the bioconversion of tannic 
acid (hydrolysable) to nine parts of gallic acid and one 
molecule of sugar moiety. This was a very interesting 
observation due to the usual complexation of proteins with 
tannic acid and naturally occurring tannins to form water 
insoluble complexes that inactivates enzymes. Tannase is 
extensively used in the food industry to produce instant tea 
without formation of haze, to remove undesirable tannins 
present in the manufacture of cold drinks, and in the 
manufacture of gallic acid, propylgallate, which can be 
utilized as food preservatives and antioxidant,       

    In the present time, there is clearly much scope for the 
industrially important enzyme, tannase, which has been shown 
to be a very versatile enzyme and finds application in the food, 



                                                                                              Introduction 

 

4 
 

beverage, industrial and pharmaceutical industry. However, 
due to insufficient knowledge about the enzyme, the 
difficulties in establishing cost-effective scaling up and 
downstream processing protocols the large-scale application of 
tannase is currently still limited. It will be exciting to witness 
the future developments in basic research as well as 
biotechnological applications of this versatile microbial 
enzyme.        

 Gallic acid is an organic acid, also known as 3,4,5-
trihydroxybenzoic acid, found in almost all plants. Plants 
known for their high gallic acid content include gallnuts, 
grape, sumac, hazel, tea leaves, oak bark, and other plants. 
Gallic acid is found both free and as part of tannins. Salts and 
esters of gallic acid are termed gallates.  
     Gallic acid is commonly used in the pharmaceutical 
industry. It seems to have anti-fungal and anti-viral properties. 
Gallic acid acts as a antioxidant and helps to protect our cells 
against oxidative damage. Gallic acid was found to show 
cytotoxicity against cancer cells, without harming healthy 
cells. It is used as a remote astringent in cases of internal 
haemorrhage. Gallic acid is also used to treat albuminuria and 
diabetes. Some ointments to treat psoriasis and external 
haemorrhoids are also containing gallic acid. It is also used for 
making dyes and inks. It does not combine with proteins and 
has therefore astringent taste.  
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AIM OF THE WORK 
 

 

    The aim of the present work is to screen some fungi isolated 

from infected fruits and soil rhizosphere for their ability to 

produce tannase and identification of these isolates. 

      

    It deals also with studying tannase synthesis by the most 

efficient producer A. niger AUMC 4301 under different 

physiological conditions. 

      

    A study on some biochemical properties of crude tannase of 

A. niger AUMC 4301 will be carried out. 

      

    It aims also to study the effect of gamma radiations on 

tannase production by the selected fungus A. niger AUMC 

4301. 

 

    Finally, gallic acid production from different low cost 

agricultural wastes will be also studied. 

     

    Such studies may be useful and informative for comparative 

picture of tannase in various microorganisms.   
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Review of litrature  

1. Tannins 

  - Tannin biodiversity and properties 

    The term tannin refers to tanna, an "Old High German" 

word for oak or for tree.  As well as the term “tannin” may 

refer to “tanning” or preservation of skins to create leather.  

Tannins are defined as naturally occurring water-soluble 

polyphenols with sufficiently high molecular weight 

containing a number of hydroxyls and other suitable groups, 

such as carboxyls, to form effectively strong complexes with 

protein and other macromolecules such as starch, cellulose and 

minerals (Halvorson and Gonzalez, 2008). They have 

molecular weight higher than 500, reaching values above 

20000 kDa (Belmares et al., 2004).  

        

    In the plant kingdom, Tannins are considered to be plant’s 

secondary metabolic products because they play no direct role 

in plant metabolism. After lignin, tannins are the second most 

abundant group of plant phenolics (Bhat et al., 1998). Tannins 

are widely distributed in different parts (bark, needles, 

heartwood, grasses, leaves, fruits, seeds and flowers) of 

vascular plants (Haslam 1989). They are found in 

approximately 80% of woody and 15% of herbaceous 

dicotyledonous species and can occur at high levels in some 

frages, feed and food (Bryant et al., 1992). Botanically, they 

are mainly physically located in the vacuoles or surface wax of 

plants. These storage sites keep tannins active against plant 

predators and pathogens. Only after cell breakdown and death, 

they can act and have metabolic effects. Their concentration 

and chemistry differs greatly both among and within plant 

species. Tannin concentrations in plants vary in response to 

changes in environmental conditions such as nutrients, light, 

temperature, CO2, water availability and ozone (Chaves and 

Escudero, 1999).                                                                         

http://en.wikipedia.org/wiki/Old_High_German
http://en.wikipedia.org/wiki/Vacuoles
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1.2 Tannin composition 
         Tannins are classified in two major groups: hydrolysable 

and condensed tannins (Lekha and Lonsane, 1997 & Aguilar 

and Gutiérrez-Sánchez, 2001). The hydrolysable tannins 

(HT)   are constituted of several molecules of organic acids, 

such as gallic, ellagic, digallic and chebulic acids, esterified to 

a molecule of glucose (Okuda et al., 2000).  

 

 
 

Hydrolysable tannins and some of their constituents. A. Gallotannin, B. Ellagitannin, 

C. Ellagic acid, D. Hexahydroxyphenic acid and E. Gallic acid. 

 

 

Molecules with a core of quinic acid instead of glucose have 

been also considered as hydrolysable tannins. In order to 

maintain its binding capacity, gallotannins must have more 
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than two gallic acid constituents esterified to the glucose core. 

Hydrolysable tannins can be easily hydrolysed under mild acid 

or alkaline conditions; with hot water or enzymatically 

(Lόpez-Ríos, 1984).  Condensed tannins (CT) also referred to 

as proanthocyanidins.  

 

 
                                          Condensed tannins or Proanthocyanidins. 

 

They are polymers of three-ring flavanols joined with   C-C 

bonds. The monomer units that make up CT are distinguished 

by the number of OH groups on the ß-ring: procyanidins (PC) 

have a di-hydroxy ß-ring while prodelphinidins (PD) have a 

tri-hydroxy ß-ring. The monomer units may also have either 

cis or trans C2–C3 stereochemistry. Their major constituents 

are cyaniding and delphinidin which are responsible for the 

astringent taste of fruits and wines (Sanchez, 2001).  

     

   Condensed tannins are found in angiosperms and 

gymnosperms, whereas hydrolysable tannins are found only in 
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dicotyledons. Condensed and hydrolysable tannins may occur 

in the same plant (Haslam, 1981).  

       

    Differences between individual tannins arise from variations 

in chain length, number of OH groups, position of inter 

monomer linkages (e.g., C4–C6 or C4–C8 linkages in CT, C-C 

or ether bonds in HT), stereochemistry, branching extent, 

glycosylation and substitutions with aliphatic or carbohydrate 

moieties. Tannins composed of both procyanidins and 

ellagitannins are also known (Okuda et al., 2000). 

 

A group which occupies an intermediate position in the 

tannin hierarchy is the family of catechin tannins combining 

elements of hydrolysable and condensed tannins. These 

tannins are quite common in tropical shrub legumes (Mueller-

Harvey et al., 1987) and tea leaves (Graham, 1992). 

 

On the other hand, tannins are classified, on the basis of 

their structure and properties into four groups: condensed 

tannins, gallotannins, ellagitannins, and complex tannins 

(Khanbabaee and Van-Ree, 2001). Condensed tannins also 

known as polymeric proanthocyanidins, are composed of 

flavonoid units (Bhat et al., 1998). Gallotannins are esters of 

gallic acid linked to a sugar core, usually glucose, whereas 

ellagitannins are esters of ellagic acid linked also to a sugar 

core (Aguilar et al., 2007). Complex tannins are mixed 

compounds of flavonoid units linked to gallic acid by ester 

bonds.   
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                            Classification of tannins 

  

  -Tannin aspects 

      The role of tannins in ecosystems ranges from plants defense 

against herbivores and pathogens to a strong influence on 

degradation of soil organic matter (Bartosz et al., 2009) and 

on nitrogen cycling (Kraus et al., 2003 & Halvorson et al., 

2009). The protein-binding properties of tannins may be used 

to manipulate rapid release of nitrogen from nitrogen-rich 

plant materials (Mutabaruka et al., 2007). As well as, the 

leaching of tannins from the decaying leaves of vegetation 

adjoining a stream may produce what is known as a black 

water river. Kanerva et al. (2008) showed a positive 

correlation between carbon  mineralization and concentration 

of water-soluble tannins in soil.  

For grazing herbivores, tannins present in plants can, in 

general, adversely affect their nutrition by reducing feed intake 

due to bitter taste of tannins, protein digestibility, inhibiting 

http://en.wikipedia.org/wiki/Blackwater_river
http://en.wikipedia.org/wiki/Blackwater_river
http://en.wikipedia.org/wiki/Blackwater_river
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digestive enzymes or by direct systemic toxicity (Kumar and 

Singh, 1984 & Hiura et al., 2010). Hydrolysable tannins are 

toxic and cause poisoning in animals if sufficiently large 

amounts of tannin-containing plant material, such as leaves of 

oak (Quercus spp.) and yellow-wood (Terminalia oblongata) 

are consumed (Fillipich et al., 1991 and Garg et al., 1992). 

Tannins are apparently metabolized by the ruminal microflora 

to phenolic compounds such as gallic acid, which is neither 

hepatotoxic nor nephrotoxic to animals. However, pyrogallol, 

the decarboxylated product of gallic acid, is produced in high 

concentrations in the rumen of sheep and causes 

methaemoglobinaemia in this animal (Zhu et al., 1995). The 

author stated also that in monogastric animals or in ruminants 

if the rumen is by-passed, hydrolysable tannin such as tannic 

acid can be absorbed through intact or injured gastrointestinal 

tract and ultimately cause kidney and liver necrosis.  

    Tannin toxicity to rumen microorganisms has been 

described for several bacterial species such as Streptococcus 

bovis, Butyvibrio fibrosolvens, Fibrobacter succinogenes, 

Prevotella ruminicola, and Ruminobacter amylophilis. The 

antimicrobial properties of tannins have been reviewed by 

Scalbert (1991) and Field and Lettinga (1992a). Scalbert 

(1991) discussed several mechanisms that may explain 

antimicrobial activity: (1) inhibition of extracellular enzymes 

(2) deprivation of substrates required for microbial growth, (3) 

direct action on microbial metabolism including disruption of 

oxidative phosphorylation or electron transport and (4) 

deprivation of metaloenzymes through complexation of metal 

ions such as Fe. On the other hand, some microorganisms have 

defense mechanisms against tannins including; secretion of 

binding polymers, synthesis of tannin-resistant enzymes and 

biodegradation of tannins. For man, tannins are considered 

nutritionally undesirable because they inhibit digestive 

enzymes, inhibit the growth of some intestinal flora and affect 
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the utilization of vitamins and minerals such as iron. So, if 

tannins are ingested for prolonged time, leads to anemia. Also, 

tannins may be involved in cancer formation, and 

hepatotoxicity. Therefore, it is not advisable to ingest large 

quantities of tannins, since they may constitute a risk of 

adverse health effects (Chung et al., 1998). 

      Tannins have a large influence on the nutritive value of 

many foods eaten by humans. Tannins also contribute to the 

astringency of many popular drinks as tea and wine. The tea 

plant (Camellia sinensis) has naturally high tannin content; 

when any type of tea leaf is steeped in hot water it brews a 

"tart" (astringent) flavor that is characteristic of tannins. This is 

due to the catechins and other flavonoids, which are 

categorized as tannins by biologists and chemists (Mangan, 

1988). Tannins either hydrolysable or condensed are common 

in fruits (berries; such as cranberries, strawberries and 

blueberries; persimmons, pomegranate) (Puupponen- Pimiä 

et al., 2001). Herbs and spices including cloves, tarragon, 

cumin, thyme, vanilla, and cinnamon all contain tannins. 

Although citrus fruits do not themselves contain tannins, 

orange-colored juices often contain food dyes with tannins. 

Apple juice, grape juices and berry juices are all high in 

tannins. Sometimes tannins are even added to juices and ciders 

to create a more astringent feel to the taste. Most legumes 

contain tannins. Red-colored beans contain the most tannin, 

and white-colored beans have the least (Reed, 1995). As well 

as, chocolate liquor contains about 6% tannins. Tannins from 

the wood of mesquite, cherry, oak and other woods used in 

smoking are present on the surface of smoked fish and meat.  

 

  -Tannin degradation 

     Tannins, like lignin and other polyphenols are resistant to 

decomposition. Hydrolyzable tannins are often reported to be 

more susceptible to microbial attack than condensed tannins 

http://en.wikipedia.org/wiki/Iron
http://en.wikipedia.org/wiki/Anemia
http://en.wikipedia.org/wiki/Tea
http://en.wikipedia.org/wiki/Camellia_sinensis
http://en.wikipedia.org/wiki/Astringent
http://en.wikipedia.org/wiki/Catechin
http://en.wikipedia.org/wiki/Flavonoid
http://en.wikipedia.org/wiki/Cranberry
http://en.wikipedia.org/wiki/Strawberries
http://en.wikipedia.org/wiki/Blueberries
http://en.wikipedia.org/wiki/Cloves
http://en.wikipedia.org/wiki/Tarragon
http://en.wikipedia.org/wiki/Cumin
http://en.wikipedia.org/wiki/Thyme
http://en.wikipedia.org/wiki/Vanilla
http://en.wikipedia.org/wiki/Cinnamon
http://en.wikipedia.org/wiki/Legumes
http://en.wikipedia.org/wiki/Mesquite
http://en.wikipedia.org/wiki/Cherry
http://en.wikipedia.org/wiki/Smoking_(cooking)
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(CT). Generally, lower molecular weight tannins are more 

easily biodegraded while higher molecular weight tannins are 

more resistant to degradation (Field and Lettinga, 1992 b). 

There is increasing information on the biochemical pathways 

involved in degradation of tannins (Bhat et al., 1998). Tannase 

catalyses the hydrolysis of ester bonds between phenolic acid 

and an alcohol (Scalbert, 1991). Polyphenol oxidase is 

capable of polymerizing and inactivating tannins and other 

phenolics (Nicholos-Orians, 1991). Tannin decarboxylation 

can be carried out by phenol oxidase (Kuiters, 1990).  

 

2. Tannase 

    Tannin acyl hydrolase, commonly referred to as tannase 

(E.C. 3.1.1.20), is an inducible enzyme that catalyses the 

breakdown of hydrolysable tannins such as tannic acid, 

methygallate, ethylgallate, n-propylgallate and isoamylgallate 

(Banerjee et al., 2001 and Belmares et al., 2004).  
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                             A typical reaction of tannase  

         

  - Tannase producers 

   Tannase can be obtained from plant, animal and microbial 

sources. Tannase is present in many tannin-rich plant 

materials, such as myrobalan (Terminalia chebula) fruits, divi 

divi (Caesalpinia cariaria) pods, dhawa (Anogeissus latifolia), 

konnam leaves (Cassia wstula), badul (Acacia arabica), 

avarum (Cassia auriculata) trees, gilo seeds (Caesalpinia 

digyna), English oak (Quercus robur) Penduculate oak 

(Quercus rubra) and from the leaves of Karee (Rhus typhina) 

tree. (Madhavakrishna et al., 1960; Pourrat et al., 1985; 

Niehaus and Gross, 1997 & Kar and Banerjee, 2000). Cell 

free extracts from Quercus robur, Quercus rubra and Rhus 

typhina revealed the pronounced hydrolysis of the substrate β-

glucogallin (1.O.galloyl-β-D glucopyranose) in in vitro assays. 

The esterase purified from the leaves of the Penduculate oak 
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was shown to be an analogue to fungal tannase (Niehaus and 

Gross, 1997). It can be postulated that plant and microbial 

organisms have adapted a mechanism to overcome the 

degradative resistance of tannins and in return utilize them in 

their metabolism.  

     

   Why does tannase exist in the bark and leaves of plants and 

trees? Madhavakrishna et al. (1960) suggested that upon 

growth, plants synthesize large amounts of gallic acid, 

chebulinic acid and hexahydroxyphenic acid, and as the plants 

produce fruit, the fruit ripens and it was envisioned that these 

acids might become esterified with glucose with the help of 

tannase to form complex tannins. Upon abscission of the fruit 

the esterase activity in the tannase may contribute to the 

hydrolysis of the preformed tannins. Additionally, the same 

author hypothesized that the condensed tannins are formed as 

intermediates or precursors that would later be transformed 

into complex tannin molecules. The tannin content in the plant 

material may also serve as a defense mechanism by which the 

plant may be able to protect itself against microbial invasion. 

They also, suggested that tannase does not only protect the 

plant against microbial invasion, but also against attacks from 

herbivores. When the plants leaves are under attack from 

herbivores the cells lose compartmentation, which brings the 

enzyme into contact with the tannin substrate in the leaves. 

The substrate is then hydrolysed into harmful low molecular 

weight phenolic degradative compounds, which can be 

precursors for toxic substances in higher plants. 

       

    Normally, intestinal microbes have capability of degrading 

and detoxifying many harmful and antinutritional factors into 

simpler and nontoxic constituents. Therefore, some 

gastrointestinal microbiota has developed the ability to degrade 

tannins to innocuous compounds (Rodriguez et al., 2008).  

Industrially, the most important source for tannase is by 
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microbial way, because the produced enzyme is more stable 

than similar ones obtained from other sources (Bhat et al., 

1998).  

• Microorganisms producing tannases  

      Tannase has been extensively studied in filamentous fungi 

including Aspergillus aculeatus (Banerjee et al., 2001),  

Aspergillus  awamori (Seth and Chand, 2000; Beniwal and 

Chhokar, 2010 & Chhokar et al., 2009), Aspergillus fischerii 

(Bajpai and Patil, 1997), Aspergillus flavus (Yamada et al., 

1968 and Paranthaman et al., 2009), Aspergillus  foetidus 

(Mukherjee and Banerjee, 2007), Aspergillus fumigatus 

(Manjit et al., 2008), Aspergillus japonicas (Bradoo et al., 

1997), Aspergillus niger (Pourrat et al., 1982; Barchomeuf et 

al., 1994; Lekha and Lonsane, 1994; Sharma et al., 1999; 

Bhardwaj et al., 2003; Ramirez-Coronel et al., 2003; 

Aissam et al., 2005; Sabu et al., 2005a&b; Lokeswari and 

Jayaraju, 2007 a & b; Anwar et al., 2009; Marco et al., 

2009 & Srivastava and Kar, 2009), Aspergillus oryzae 

(Iibuchi et al, 1968; Abdel-Naby et al., 1999 and Rodrigues 

et al., 2007), Aspergillus spp. (Batra and Saxena, 2005), 

Aspergillus tamarii (Enemuor and Odibo, 2009), 

Aureobasidium  pullulans (Banerjee and Pati, 

2007),Cryphonectria parasitica (Farias et al., 1992 & 1994), 

Fusarium solani (Bajpai and Patil, 1997), Paecilomyce 

variotii (Battestin and Macedo, 2007a & Mahendran et al., 

2006), Penicilllium  chrysogenum (Rajakumar and Nandy, 

1983), Penicilllium glabrum (Van de Lagemaat and Pyle, 

2005), Penicilllium variable (Sharma et al., 2008), 

Penicilllium spp.( Batra and Saxena, 2005 & Nalan and 

Merih, 2009), Rhizopus  oryzae (Hadi et al., 1994; 

Chatterjee et al., 1996; Kar and Banergjee, 2000 & 

Mukherjee and Banergjee, 2006), Trichoderma viride 

(Bajpai and Patil, 1997 & Lokeswari et al., 2010) and 

Verticillium sp. (Kasieczka-Burnecka et al., 2007).   
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    As far as the author is aware, studies on tannase activity in 

yeast are scarce, thus the enzyme was reported to be present in 

Candida sp. (Aoki et al., 1976).  

    Tannase has a relatively wide distribution among bacteria. 

The enzyme is present in Bacillus cereus (Mondal et al., 

2001a), Bacillus  licheniformis (Mondal et al., 2000 and Das 

Mohapatra et al., 2006), Bacillus  polymyxa and Bacillus 

pumilus (Deschamps et al., 1983) Citrobacter freundii 

(Kumar et al., 1999), Corynebacterium sp. and Klebsiella 

pneumoniae (Deschamps et al., 1983 & Deschamps and 

Lebeault, 1984), Lactobacillus plantarum (Ayed and Hamdi, 

2002), Lactobacillus sp. (Sabu et al., 2006), Pseudomonas 

aeruginosa (Manjit et al., 2009) and Selenomonas 

ruminantium (Skene and Brooker, 2002).  

 

 - Screening and physiological studies on tannase 

production by microorganisms 

    Numerous reports on fungal tannase were found in the 

literature. As stated by Yamada et al. (1968) tannase was 

found in the mycelium of A. flavus grown on the medium 

containing tannic acid as a sole carbon source. The enzyme 

formation might be inducible and was dominant at the initial 

stage of growth. 

    Pourrat et al. (1982) showed that culture of a strain of A. 

niger grown on medium containing 3% tannic acid yielded 

tannase, evidenced both in the culture medium and the 

mycelium. Fermentation in submerged culture at constant air 

flow gave mycelium with high tannase activity.    

    Farias et al., (1992) showed that C. parasitica grew on 

American and Chinese chestnut total aqueous and tannin 

extracts from winter and summer bark. Differences in the 

amount of conidial germination and growth on extracts of the 

two species were small. C. parasitica tannase was found to be 
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more abundant intercellularly, had a pH optimum of 5.5, and a 

temperature optimum for activity of 30ºC. Total activities on 

American chestnut, total aqueous and tannin extracts were high 

than of the respective Chinese extracts.  

     Hadi et al. (1994) reported that a strain isolated locally and 

identified as R. oryzae (RO, 111 KGP) was found to synthesize 

an extracellular tannase showing its degradability of tannic to 

gallic acid. For maximizing the enzyme secretion in the 

fermented broth, the influencing parameters were optimized in 

shake flask culture. Experiments showed that modified 

Czapeck-Dox medium with 2% tannic acid, 1% glucose, 

0.05% sodium nitrate incubated for 4 days was the optimum 

for the synthesis of tannase by R. oryzae RO, 111 KGP.  

      Lekha and Lonsane (1994) proved that titers of 

extracellular tannase produced by A. niger PKL 104 in solid 

state fermentation (SSF) were 2.5 and 4.8 times higher and 

required only about half of the fermentation time when 

compared to those in the same medium in submerged and 

liquid surface fermentations, respectively. The enzyme 

produced by SSF was completely extracellular. In contrast, 

tannase was intracellular during the initial 48 h incubation in 

the other two types of fermentation but was subsequently 

excreted to an extent of 83% and 51% of the total enzyme 

titres at 144 h in submerged and liquid surface fermentations, 

respectively.   

     Chatterjee et al. (1996) demonstrated that an attempt has 

been made to optimize the production of tannase by SSF using 

the fungus R. oryzae.  The best favorable conditions for 

enzyme formation include initial pH 5 with 4 days of 

incubation period at 40º C and 72% humidity, and 10g wheat 

bran soaked in 2.5% tannic acid. 

     The potential of gallotannin, methyl gallate, gallic acid and 

pyrogallol to induce tannase activity in A. niger, A. fischerii, F. 

solani and T. viride has been investigated by Bajpai and Patil 
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(1997). The maximum induction ratios recorded were A. 

fischerii (26.7), F. solani (26.1) and T. viride (40.7) when the 

fungi were induced with gallotannin, gallic acid and methyl 

gallate respectively. A. niger was devoid of basal medium 

activity. F. solani induced with 3% gallotannin has been 

recommended for the production of tannase.     

    Bradoo et al. (1997) found that A. japonicus produced 

maximum extracellular tannase activity after 24 h incubation. 

The enzyme was synthesized constitutively on simple and 

complex sugar substrates but activity was doubled in the 

presence of tannic acid as the sole carbon source. The enzyme 

showed end-product repression with gallic acid. 

   As stated by Kar and Banerjee (2000) Caesalpinia digyna, 

a tannin-rich forest residue was used by R. oryzae as a 

substrate for production of tannase and gallic acid. Media 

engineering was carried out under SSF conditions for optimum 

synthesis of tannase and gallic acid (based on 58% tannin 

content in the raw material. Tannase formation under modified 

SSF conditions was maximum.  

    Seth and Chand (2000) reported that tannic acid 

concentration, agitation speed and pH during the fermentation 

were identified as important process parameters effecting cell 

growth and tannase synthesis by A. awamori. These 

parameters were optimized in a laboratory bioreactor by 

response surface methodology to determine the optimum 

conditions for enzyme production and gallic acid 

accumulation.  

   A comparative study on the simultaneous production of extra 

and intracellular tannase was made from newly isolated fungal 

strain A. aculeatus DBF 9 (Banerjee et al., 2001). The 

organism produced five times more intracellular enzyme 

within 24 h in liquid culture than the extracellular form. 

Maximum tannase production occurred in the culture broth 
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containing 1-2% (w/v) tannic acid and 0.05-0.1% (w/v) 

glucose.     

      Production of tannase by A. niger HA37 on a synthetic 

culture medium containing tannic acid at different 

concentrations has been studied by Aissam et al. (2005). 

Maximal enzymatic activity increased according to the initial 

concentration of tannic acid. Enzyme production on fourfold 

diluted olive mill waste waters (OMWW) as a substrate 

remained globally stable during more than 30 h. Growth of A. 

niger HA37 on OMWW was correlated with about 70% 

degradation of phenolic compounds present in the waste. The 

authors concluded that the experimental organism had 

therefore the capacity to degrade complex waste waters which 

cause environmental damage to aquatic streams. 

       Batra and Saxena (2005) reported that tannase - 

producing ability of 35 Aspergilli and 25 Penicilli were 

examined both qualitatively on tannic acid agar plates and 

quantitavely on broth. Twenty-five Aspergilli and twenty 

Penicilli produced tannase in culture broth. Potent tannase - 

producing Aspergilli are A. fumigatus, A. versicolor, A. flavus 

and A. caespitosum and among Penicilli, P. charlessii, P. 

variable, P. crustosum and P. restrictum.  

       As demonstrated by Sabu et al. (2005a) palm kernel cake, 

the residue obtained after extraction of palm oil from oil palm 

seeds and tamarind seed powder obtained after removing the 

fruit pulp from tamarind fruit pod were tested for the 

production of tannase under SSF conditions using A. niger 

ATCC 16620. The fungal strain was grown on the substrates 

without any pretreatment. Optimum conditions for enzyme 

synthesis using each of the two agro residues were recorded.  

       Tannase production by the yeast-like dimorphic fungus A. 

pullulans DBS66 was optimized (Banerjee and Pati, 2007). 

The organism synthesized maximum tannase in the presence of 

1% tannic acid after 36h. Maximum gallic acid accumulation 
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was observed within 36 h and tannic acid in the fermented 

broth was completely degraded after 42 h of growth. Glucose 

had a stimulatory effect on tannase formation of 0.1% (w/v) 

concentration. The organism showed maximum tannase 

production with (NH4)2 HPO4 as a nitrogen source.  

       As shown by Battestin and Macedo (2007a) surface 

response methodology was applied to the optimization of the 

laboratory scale production of tannase by P. variotii.  The best 

conditions for tannase formation were temperature (29-34ºC) 

tannic acid (8.5-14%); % residue (coffee husk: wheat bran 

50:50) and incubation time of 5 days. The supplementation of 

external nitrogen and carbon sources on tannase production 

was studied in the optimized medium.  

      Lokeswari and Jayaraju (2007a) found that maximum 

tannase production by A. niger occurred in the culture broth 

containing 1-2 % (w/v) tannic acid and 0.05-0.1% (w/v) 

glucose. Incubation period, temperature and glucose 

concentration optima of tannnase synthesis were found at 36h, 

35°C and 0.5% respectively. The authors added that these 

properties make the enzyme suitable for pollution control and 

bioprocess industry.  

     Lokeswari and Jayaraju (2007b) described a method for 

producing gallic acid by microbiological hydrolysis of the 

tannins of myrobalan seed powder. Hydrolysis of gallotannins 

of the substrate to gallic acid by tannase of A. niger MTCC 

282 was studied. Optimal conditions of production were 

determined using various parameters including gallotannin 

concentration, nutritional source and metal ions. Yields of 

gallic acid are about 74% with respect to gallotannin 

concentration suggesting that this method is exploitable 

industrially for manufacturing trimethoprim drug.  

      A tannase yielding fungal culture identified as A. fumigatus 

MA was isolated from the effluent collected from a local small 

scale tannery (Manjit et al., 2008). The fungal culture 
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produced high yields of extracellular tannase under SSF using 

different agro forest residues. Among different substrates used, 

Jamun leaves (Syzygium cumini) yielded maximal extracellular 

production of tannase. Various parameters were studied to 

optimize the extracellular yield of tannase under SSF.  

     Rodrigues et al. (2007) investigated the optimization of 

tannase synthesis by A. oryzae during SSF using cashew apple 

bagasse (CAB), an inexpensive residue produced by the 

cashew apple agro industry, as a substrate. CAB was enriched 

with 2.5% (w/w) tannic acid and 2.5% (w/w) ammonium 

sulphate and then moistened with water (60 ml/ 100 g of dry 

CAB). The influence of different temperatures and several 

additional carbon sources (glucose, maltose, sucrose, starch, 

analytical grade glycerol and glycerol produced during diesel 

production) on enzyme production was then evaluated.  

      A. tamari 1M138810(B) a tannic acid degrading fungus 

was isolated by Enemuor and Odibo (2009) from soil 

inundated by effluent of a tannery at Oji River local 

Government Area of Enugu State, Nigeria. The fungus 

produced tannase in a fermentation medium containing tannic 

acid as the only carbon source. Time course of enzyme 

synthesis by the fungus showed that the enzyme production 

followed logarithmic growth phase with maximum enzyme 

yield being obtained after 6 days.  

     Nalan and Merih (2009) demonstrated that a total number 

of eighty gallic acid producing strains were isolated from 

forest soil or plant samples. Among these strains, thirteen 

isolates were selected to gallic acid production by tannase and 

these isolates were A. niger 1, A. niger 2, A. niger 3, P. 

canescens (3), P. frequentans (2), P. spinulosum (2), P. 

purpurogenum (2) and P. zacinthae. By using eight of these 

strains and reference strain of A. niger NRRL 321, the 

production of gallic acid from oak tree gall nuts or sumac 

leaves were investigated. Maximum gallic acid yields from 
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gall nuts were obtained for A. niger and P. spinulosum. In the 

case of sumac leaves, the reference strain A. niger NRRL 321 

and P. zacinthae gave the highest gallic acid yields. The 

authors added that their study was the first report on 

production of gallic acid by the newly isolated Penicillium 

strains. Particularly, P. spinulosum, P. purpurogenum and P. 

canescens may be used not only for gallic acid but also for 

tannase production from tannin rich plant materials such as 

gall nuts.  

    Tannase, produced from the fungus A. flavus by submerged 

fermentation on different media was studied (Paranthaman et 

al., 2009). The process parameter was optimized and higher 

formation of tannase was found at 35ºC and 96 hr of 

incubation with 2% tannic acid.  

      As reported by Srivastava and Kar (2009) extracellular 

tannase and gallic acid were produced optimally under 

submerged fermentation at 37°C, 72h and 4% (w/v) of the agro 

residue pomegranate rind powder by an A. niger isolate.  

   Optimization of culture conditions for tannase synthesis by 

A. awamori MTCC 9299 was investigated by Beniwal and 

Chhokar (2010) using the response surface methodology. 

Maximum response for tannase production was obtained at 

35ºC incubation temperature, 125 rpm agitation speed and 

incubation period of 48h. 

    Lokeswari et al. (2010) reported that optimal conditions for 

tannase production by T. viride were determined using varying 

substrate concentrations. Fermentation was carried out for 48 h 

for optimum enzyme synthesis. The optimum conditions of 

temperature and pH and the effects of nitrogen sources and 

metal ions were studied. 

    As for bacteria, Deschamps et al. (1983) demonstrated 

tannase production in cultivated strains of B. pumilus, B. 

polymyxa, Corynebacterium sp., and K. pneumoniae, with 
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chestnut bark extract as the sole carbon source. The rapid 

degradation of the tannin structure was related to the 

production of extracellular tannase. Gallic acid was the only 

degradation product observed with 3 of the strains, but 

intermediate products were detected in the cultivation broth of 

B. pumilus. 

    According to Deschamps and Lebeault (1984) bacterial 

strains identified as K. pneumoniae and Corynebacterium sp. 

produced an extracellular tannase that degraded in few hours a 

great part of pure tara (Caesalpinia spinosa) tannin or crude 

water extract of tara pods powder. Large amounts of gallic acid 

were recovered during some experiments reaching 55% of the 

theoretical yield in the best case.  

       Kumar et al. (1999) reported that a bacterial strain 

capable of utilizing tannic acid as a sole carbon source was 

isolated from the effluent of a tannery and was identified as C. 

freundii. The organism could grow at concentrations as high as 

5% (w/v) of tannic acid and produced extracellular tannase to 

hydrolyze the same. When grown in minimal medium 

containing 1% tannic acid (w/v) at 30ºC, the bacterium 

produced 1.87 µ/ml of tannase at 6h. At that time, tannic acid 

degradation products, namely glucose and gallic acid, were 

detectable in the culture filtrate.  

    Mondal et al. (2000) showed that B. licheniformis KBR 6 

isolated from forest soil produced maximum extracellular 

tannase activity with 1.5% (w/v) tannic acid either in the 

absence or presence of glucose after 18-21 h growth though 

the organism did not attain maximum growth until 36 h. 

     Mondal et al. (2001a) demonstrated that a tannase-

producing soil bacterium has been isolated and identified as B. 

cereus KBR9. It could degrade tannic acid and produce 

maximum tannase at stationary phase of growth (24 h).   
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    Ayed and Hamdi (2002) found that L. plantarum, isolated 

from olive wastes, produced an extracellular tannase. Their 

study reported for the first time the optimization of 

fermentation conditions for tannase synthesis by this 

bacterium.  

     A strain of the anaerobe S. ruminantium that was capable of 

growing on tannic acid or condensed tannin as a sole energy 

source was isolated by Skene and Brooker (2002) from 

ruminal contents of feral goats browsing tannic – rich Acacia 

sp. Growth on tannic acid was accompanied by release of 

gallic acid into the culture medium but the bacterium was 

incapable of using gallic acid as a sole energy source.  

   As stated by Das Mohapatra et al. (2006) the presence of 

tannis in the barks of eight different plants was initially 

examined and their crude extracts were used separately as a 

substrate for production of tannase through submerged 

fermentation by B. licheniformis KBR6. The authors showed 

that tannase production as well as biodegradation of the 

substrate reached a maximum within 15 to 18 h against crude 

tannin extract obtained from Anacandium occidentale. Among 

different concentrations of the crude tannin tested 0.5% (w/v) 

induced maximum synthesis of enzyme. Tannase formation 

was higher by almost two-fold in the presence of crude tannin 

compared to pure tannic acid used as a substrate. The authors 

suggested that industrial production of tannase using bark 

extract of A. occidentale can be a very simple and suitable 

procedure.  

    A tannase yielding bacterial strain was isolated by Sabu et 

al. (2006) from sheep excreta. It was identified as 

Lactobacillus sp. ASR-S1. The bacterial strain produced 

extracellular tannase under SSF using tamarind seed powder, 

wheat bran, palm kern cake and coffee husk. Among different 

substrates, coffee husk resulted in maximal extracellular 

production of tannase. To optimize the extracellular yield of 
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tannase under SSF various physico-chemical and nutritional 

parameters were studied. 

    Manjit et al. (2009) reported that a tannase yielding 

bacterial strain was isolated from soil sample collected from 

the area situated nearby small-scale tannery. It was identified 

as P. aeruginosa IIIB 8914. The bacterial strain produced 

extracellular tannase under submerged fermentation using 

amla (Phyllanthus emblica), keekar (Acacia nilotica), jamoa 

(Eugenia cuspidate) and jamun (Syzygium cumini) leaves. 

Among different substrates, amla and keekar leaves resulted in 

maximal extracellular production of tannase. Various process 

parameters were studied to optimize the enzyme yield under 

submerged fermentation. The authors suggested that agro 

residues in the form of amla and keekar leaves could be one of 

the best and cost effective alternatives to the costly pure tannic 

acid for industrial production of microbial tannase.  

    - Purification and characterization of tannases 

   Purification and characterization of tannases produced by 

various filamentous fungi has been the subject of numerous 

studies by many research groups.  

    As shown by Iibuchi et al. (1968) tannase from A. oryzae 

No.7 was purified. The purified enzyme was homogenous on 

column chromatography (DEAE-Sephadex A50, Sephadex 

G100), ultra centrifugation and electrophoresis. The molecular 

weight of the enzyme estimated by gel filtration method was 

about 200.000 Da. Some properties of the enzyme were also 

studied (pH and temperature optima, pH and temperature 

stabilities and effect of metal ions and EDTA).  

   Yamada et al. (1968) reported that tannase was purified 

about 30-fold from the mycelial extract of A. flavus grown on 

the tannic acid medium by a multi-step procedure. The final 

enzyme preparation showed single symmetric peak upon ultra 
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centrifugation and electrophoresis. Some biochemical 

properties of the enzyme were recorded. 

    Rajakumar and Nandy (1983) showed that tannase 

isolated from P. chrysogenum was purified 24 fold with 18.5% 

recovery after ammonium sulfate precipitation, DEAE-

cellulose column chromatography, and Sephadex G-200 gel 

filtration. Some of the kinetic properties of the enzyme were 

also studied.  

    Barchomeuf et al. (1994) demonstrated that a pure sample 

of tannase from A. niger LCF8 was obtained by physical 

disruption of the mycelium, ultra filtration and high pressure 

size exclusion chromatography (HPSEC). The biochemical 

properties of the enzyme were also investigated.  

     Farias et al. (1994) reported that tannase of C. parasitica 

was isolated from the mycelium and purified 142-fold with a 

10% recovery by anion exchange chromatography and gel 

filtration. The estimated molecular weight was 240 kDa and 

the molecule may be a tetramer composed of four subunits 

with a molecular weight of 58 kDa. Based on Km values of the 

enzyme for three substrates tested, aleppo tannic acid was the 

best substrate. Additionally, gallic acid was an effective 

competitive inhibitor of the tannase with all substrates and 

concentrations tested.  

     As stated by Sharma et al (1999) tannase has been isolated 

from A. niger van Tieghem and purified 29-fold. The enzyme 

had a temperature optimum of 60ºC, optimum pH of 6 with a 

second peak at pH 4.5, and km of 0.2 mM.  

      Mahapatra et al. (2005) described a purification 

procedure of tannase produced extracellulary by A. awamori 

Nakazawa. The properties of the purified enzyme including pH 

and temperature optima and effects of urea, surfactants and 

chelators were investigated.  
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       Sabu et al. (2005b) showed that tannase produced 

extracellularly by the fungal strain A. niger ATTC 16620 in 

SSF conditions was purified from cell-free culture broth by 

ammonium sulfate fractionation followed by DEAE-Sephadex 

A-50 chromatography. SDS-PAGE analysis indicated that the 

enzyme protein molecular mass was 168 kDa. Some properties 

of the purified enzyme including optimum pH, temperature 

stability, substrate concentration and effect of metal ions were 

also studied.  

    Mahendran et al. (2006) demonstrated that an extracellular 

tannase was isolated from P. variotii and purified from cell-

free culture filtrate by a multistep procedure. Molecular mass 

of tannase was found to be 149.8 through native 

polyacrylamide gel electrophoresis analysis. Sodium dodecyl 

sulphate revealed that the purified tannase was a monomeric 

enzyme with a molecular mass of 45 kDa. Temperature of 30 

to 50ºC and pH of 5 to 7 were optimum for tannase activity 

and stability.  

    As reported by Mukherjee and Banerjee (2006) tannase 

was produced by modified SSF of tannin rich substrates by a 

co-cultures of the two filamentous fungi, R. oryzae and A.  

foetidus. The enzyme thus produced was then partially purified 

by solvent precipitation and DEAE-Sepadex column 

chromatography. A study on the effects of temperature, pH, 

different metal ions and inhibitors on tannase activity was 

carried out. The thermal stability and kinetic constants of the 

enzyme were also recorded.  

    A biochemical characterization of the tannase from P. 

variotii was carried out (Battestin and Macedo, 2007b). The 

enzyme produced was partially purified using ammonium 

sulphate precipitation followed by ion exchange 

chromatography, DEAE-Sepharose. Effect of temperature and 

pH on the activity of crude and purified tannase was studied. 

Km was found to be 0.61 µmole. Temperature of 40 to 65ºC 
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and pH 4.5 to 6.5 were optimum for tannase activity and 

stability, suggesting that the enzyme could find potential use in 

the food-processing industry. The effects of different inhibitors 

and chelaters on enzyme activity were also investigated.  

     Sharma et al. (2008) showed that tannase from P. variable 

1AR1 2031 was purified by a two-step purification strategy 

comprising of ultra-filtration using 100 kDa molecular weight 

cutoff and gel-filtration using sephadex G-200. A purification 

fold of 135 with 91 % yield of tannase was obtained. The 

enzyme had temperature and pH optima of 50°C and 5, 

respectively. However, the functional temperature range was 

from 25 to 80°C and the functional pH was from 3 to 8. Based 

on Km values of tannase, tannic acid was the best substrate 

with Km of 32 mM.    

   Anwar et al. (2009) reported that tannase synthesized by A. 

niger isolated from cacao pod was subjected to fractionation 

by ammonium sulfate followed by dialysis process. 

Characterization results showed that optimum activity was at 

35-50°C and pH 6. Effects of metal ions on enzyme activity 

were also demonstrated. Kinetics analysis of various substrates 

tested showed that the km value of tannic acid and gallotannin 

was 0.401 and 6.611 mM respectively. Based on Km values, 

tannase of the fungus under study was more active in 

hydrolyzing depside bonds rather than ester bonds.  

      Marco et al. (2009) demonstrated that a novel extracellular 

tannase from the xerophilic fungus A. niger GHI was produced 

under solid state condition and purified by a multistep 

procedure to apparent homogeneity. Some properties of the 

enzyme such as temperature and pH optima, km value and 

effects of several metals salts and typical enzyme inhibitors on 

tannase activity were evaluated to establish the novelty of the 

enzyme.  

     Tannase from A. awamori MTCC 9299 was purified using 

ammonium sulfate precipitation followed by ion-exchange 
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chromatography (Chhokar et al., 2009). A purification fold of 

19.5 with 13.5% yield was obtained. Temperature of 30ºC and 

pH of 5.5 were found optimum for tannase activity. The effects 

of metals and organic solvents on the enzyme activity were 

also studied.  

    As for yeast, Aoki et al. (1976) described a purification 

procedure of tannase from the culture broth of Candida sp. The 

purified enzyme was homogeneous on SDS-poly-acrylamide 

gel electrophoresis. The stable pH range of the enzyme was 3.5 

to 7.5 the optimum pH was 6 for gallotannin as a substrate. 

The enzyme was stable up to 40 ºC. The yeast tannase 

hydrolyzed the ester and depside linkage of tannic acid. The 

enzyme activity was not influenced by various metal ions and 

EDTA.  

     With respect to bacterial tannase, Skene and Brooker 

(2002) stated that the enzyme activity was measured in crude 

cell-free extracts of S. ruminantium.  Tannase had a pH 

optimum of 7, a temperature optimum of 30-40ºC and a 

molecular size of 59 kDa. In crude extracts, the maximal rate 

of gallic acid methyl ester hydrolysis was 6.3 µmole min
-1 

mg
-1 

of protein and the km for gallic acid methyl ester was 1.6 mM.  

        

-Tannase application 

  Tannase applications in food and beverage industrial products 

contribute to remove the undesirable effects of tannins (Boadi 

and Neufeld, 2001). Other important application of tannase is 

the production of gallic acid (Kar et al., 2002). Gallic acid is 

used in the pharmaceutical industry for the synthesis of 

antibacterial drugs and in the food industry as substrate for the 

chemical synthesis of food preservatives such as pyrogallol 

and gallates. Gallic acid (3, 4, 5-trihydroxy benzoic acid) is a 

phenolic compound. The chemical formula is 

C6H2(OH)3COOH. It has been discovered by French chemist 

and pharmacist Henri Braconnot in 1818 and studied by 

http://www.answers.com/topic/carbon
http://www.answers.com/topic/hydrogen
http://www.answers.com/topic/oxygen
http://www.answers.com/topic/henri-braconnot
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French chemist Théophile-Jules Pelouze. Gallic acid is found 

both free and as part of tannins. Salts and esters of gallic acid 

are termed gallates. Gallic acid can be produced by hydrolysis 

of tannic acid with acid or alkali or microbial tannase. The 

enzymatic hydrolysis has advantage over the other methods, 

the former being less energy intensive and less polluting (Hadi 

et al., 1994). Gallic acid seems to have antifungal and antiviral 

properties. Gallic acid 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, in the enzymatic synthesis of 

propyl gallate, in tannery industry for homogenization of 

tannins and for the production of pyrogallol and gallic acid 

esters (Mukharjee and Banerjee, 2003 a, b).  

   Tannase is also used in instantaneous tea manufacture. Hot 

tea is a reddilsh-brown, clear beverage, but chilling causes the 

formation of a haze referred to as 'tea cream'. This haze is 

generally thought to be a  complex between caffeine and tea 

flavonoids, mainly epicatechin, epicatechin gallate, 

epigaliocatechin and epigallocatechin gallate,  and 

condensation products of the flavonoids formed during 

fermentation the theaflavins and thearubigins (Powell et al., 

1993). When iced tea is made at home, the haziness is either 

unnoticed or considered acceptable. However, when 

consumers purchase iced tea as instant powdered tea, 

convenience teas (instant tea with added sweetener and/or 

flavouring) or ready-to-drink teas (either powdered tea or tea 

extract mixed with water, sweetener and flavoring, and sold in 

http://www.answers.com/topic/th-ophile-jules-pelouze
http://www.answers.com/topic/tannin
http://www.answers.com/topic/salt-chemistry
http://www.answers.com/topic/ester
http://www.answers.com/topic/gallate


                                                                                 Review of Litrature  

 

32 

 

cans or bottles), they prefer a product without haze. Typical 

methods are used to prepare cold water-soluble teas either 

remove tea cream or prevent its formation (Saltmarch, 1992), 

but these frequently affect the flavor. A more selective method 

of preventing the formation of tea cream would improve the 

clarification process by using tannase (Lane et al., 1997 & 

Nicolas et al., 1998). As well as sensory studies showed that 

mouth feeling, taste and the overall acceptance of the tannase-

treated tea infusion were all better than those of the control 

(Lu et al., 2009). 

 

    It is worthy to mention that enzymatic treatment of fruit juices 

to reduce the bitterness has got advantages such as the higher 

quality of juice due to the lower haze and non-deterioration of 

juice quality. New fruit juices (pomegranate, cranberry, 

raspberry, etc.) have recently been acclaimed for their health 

benefits, in particular, for its disease-fighting antioxidant 

potential. The presence of high tannin content in those fruits is 

responsible for haze and sediment formation, as well as for 

color, bitterness, and astringency of the juice upon storage. 

Due to the inability of conventional fruit juice debittering 

processes to remove the bitterness effectively, enzymatic 

debittering should be preferred. Preliminary results reported by 

Rout and Banerjee (2006) for pomegranate juice 

demonstrated that tannase treatment resulted in 25% 

degradation of tannin, while a combination of tannase and 

gelatin (1:1) resulted in 49% of tannin degradation. However, 

further studies in this topic are needed. 

3. Gamma irradiation  

      Gamma radiation is a physical phenomenon in which 

energy travels through spaces as a wave motion without 

the aid of traveling medium. The exposing materials 

(living cells, foods, medical products) to gamma 
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radiation in such away that a precise and specific dose is 

absorbed termed "gamma irradiation"  

- Types of radiation  

I. Non ionizing radiation, having longer wave length 

and lower energy such as: UV, visible light, infrared, 

microwave and radio waves. The amount of energy 

carried by UV radiation is not large and its lethal 

activity is of a relatively lower order. Its penetration 

ability is much lesser than gamma radiation (Alper, 

1990).  

II. Ionizing radiation, having short wavelength and 

contain enough energy to ionize the molecules in their 

paths. It is known that all environments have a natural 

radioactivity of their own. Natural sources of radiation, over 

which little or no control can be exerted, are cosmic rays, 

radioisotopes generated in air envelope, radiant from earth and 

building material as well as radioactive substances regularly 

found as natural constituents of the living body. On the other 

hand, artificial radioactivity can be attributed to radioactive 

material produced by nuclear explosions and radioactive 

wastes and radiation of all kinds discharged into the 

environment. Ionizing radiation is defined as an emanation of 

sufficient high photon energy to displace electrons from target 

molecules (Ingram and Robert, 1980). All ionizing radiation 

(, , , ) at sufficient level are toxic to living organisms and 

in higher dosage are lethal. Radiobiology is a basic science 

concerned with studying the interaction of radiation with 

biological matter. The radiobiology finding have paved the 

way for the development of a wide range of irradiation 

technologies applicable to many fields including medicine, 

pharmacy, veterinary, food and agriculture, biotechnology, 

environmental sciences as well as biological research sciences 

(Roushdy, 1996).  
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  - Effects of ionizing radiation on living cells 

    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 (Lawerence, 1971). 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 (Habbs and 

Macellan, 1975). It has been reported that on number of 

intracellular constituents may be responsible for the high 

radiation resistance in some radio resistance strains. This 

may include certain chemical compounds such as 

mercopto-alkyl amine (Anderson et al., 1956), 

sulphydryl compounds (Bridges, 1964), amino acids 

(Work, 1964) and proteins (Mareson and Stelow, 

1987).  

 

  - Dose survival curves (dose response curve) 

      

     The dose response curve presents the relation between the 

radiation dose (kGy) and the number of microorganisms 

surviving. To obtain this relation, plot doses versus log N/No: 

Where N, represents the number of microorganisms have 

survived after irradiation. And No represents the initial number 

of microorganisms before irradiation. In practice the 

necessary data are usually obtained by exposing 

number of equal size population to increasing radiation 

doses and counting the number of survivors (Ley, 

1973).  

       

     Lawrence (1971) distinguished four shapes of dose 

response curve and designed them as A, B, C1 and C2. In all 

cases, the surviving fraction decreases with increasing dose but 

they differ in their slopes. Type A, follows a simple 
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exponential relationship with a constant slope over the whole 

dose range. Type B, is characterized by a concave shape where 

a continually decreasing slope with increasing dose is noticed. 

Type C1, has a clearly defined shoulder leading to a simple 

exponential form. Type C2, has a continually increasing slope 

with increasing dose. It is characterized by convex shape. 

   
  - The decimal reduction doses (D10 value)  

    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% and can be 

obtained from the slope of the dose response curve by dividing 

dose by log N/No (Sztanyik, 1974) or calculated from the 

regression linear equation (Lawrence, 1971). These values are 

useful in calculating sublethal doses and to know the relative 

sensitivity of a microorganism to gamma radiation  

 

  - Effect of radiation on microorganisms 

    Microorganisms have highly radiation resistance as 

compared with multicellular organisms. The larger groups of 

microorganisms were arranged according to increasing 

resistance, the order as following, Gram -ve bacteria, Gram 

+ve bacteria (vegetative form only), fungi and its spores, 

bacterial spores and viruses (Christensen et al., 1982). 

     

     The action of radiation on microorganisms is influenced by 

species and strains, concentration, chemical composition of 

media, physical state of media, and post-irradiated storage 

conditions (Rowley and  Brynjolfsson, 1980). 

     

    Ionizing radiation imparts their energy to molecules 

in a manner that depends on the atomic number of 

constituent atoms and not on the molecular. 

Configuration as in the case with UV interaction of 

radiation with matter occurs in a more or less random 
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manner in a biological material in living cell. It is to be 

expected that certain sites or systems will be more 

readily damaged than others (Giusti et al., 1988 & 

IAEA, 1973).  

      

    The primary chemical changes in target molecules can 

be produced both by direct and indirect effect of 

radiation. The result would be ionization and or 

excitation in atoms of these molecules and radical 

formation, with the important biological system of which 

leads to its death or inactivation (Roger et al., 1998).  

 

• Direct action  

  The direct effects are changes that appear as a result of 

the absorption of radiation energy by the molecules of 

interest. In such processes the energy is directly 

deposited in the target molecule of biological system 

without the intervention of radical species derived from 

water radiolysis, or other system of the environment. The 

target theory states the effect of ionizing or in very near 

to some particular molecules or structure is responsible 

for the measured effect, the production of one effective 

in the target is often called hit. The target may be a 

whole cell, part of cell, or critical molecules. Generally, 

the measured effect in a system may be cell death or 

inability to grow or to divide in the simplest from of the 

target theory, one hit is sufficient to produce the 

measured effect in associated organisms with very small 

radiation doses, the number of effected targets will be 

directly proportional to the amount of radiation (Roots et 

al. 1985 & Roger et al., 1998).  

 

• Indirect effect 

  The indirect effect of radiation on target molecule is 

produced by way of intermediary radiation products, 
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the photon may interact with water, the predominant 

molecule in the mammalian cell to produce free 

radicals, these free radicals are relatively short-lived, 

they can interact with biologically important material 

causing a determined effects, or conversely can react 

innocently to revert to their former state (Yuring et al., 

2000). A free radical is an electrically neutral molecule, 

which has unpaired electron in the outer orbit. The 

steps of the formation of free radicals could proceed 

through various ways the most simple of which is as 

follow (Casarett, 1968). Cell death ( defined for 

proliferation cells as loss of reproductive capability ) is 

predominately induced by double-strand breaks in 

DNA, separated by not more than a few base pairs, 

which can generally not be repaired by the cell (Hall 

and Giaccia, 2006).  
        

    Reactive oxygen species (ROS), including hydrogen 

peroxide (H2O2), superoxide, and hydroxyl radical, are 

toxic to cells due to their ability to damage DNA and 

especially Proteins containing Iron-sulfur clusters or 

sulfur atoms (Imlay, 2003). Mn (II) can act catalytically 

as scavenger of either superoxide (O
-2

) or hydrogen 

peroxide (H2O2) (Archibald and Fridovich, 1982 & 

Stadtman et al, 1990).  

      

    In the indirect effect, the process of radiolysis of water, 

which is the bulk (up to 90%) of the matter in cells, is the most 

important. In the radiolysis of water, a molecule is ionized by a 

charged particle, which caused it to lose an electron.  

 

Radiation  

 

     H2O  H2O
+
 + ē 
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     The ionized water molecule reacts with another neutral 

water molecules to form highly reactive hydroxyl radical OH

. 

 H2O
+
 + H2O  H3O

+
 + OH


 

     

     The rejected electron interacts very rapidly with the 

surrounding water molecules and a highly excited molecule 

H2O* appears. It dissociates, in turn, with the formation of the 

two radicals H

 and OH


. 

          H2O+ ē  H2O*  H

 + OH


 

     

      These free radicals contained unpaired electrons and are 

therefore distinguished by exceedingly high reactivity. Their 

lifetime in water does not exceed 10
-5

 second. During this 

time, they either combine with one another or react with 

biologically important molecules to possess the indirect action 

of radiation (IAEA, 1973). 

 

 -Effect of gamma radiation on the activity of  

microorganisms 

   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. 

Macris (1984) stated that gamma irradiated mutant of 

Alternaria alternata produced high levels of Cx-cellulase and 

B-glucosidase enzymes when grown on cellulose medium. El-

Fouly et al. (2001) selected two mutants of Escherichia coli  

after gamma irradiation with 2.5 and  3kGy. The two mutants 

exhibited higher -galactosidase production. On storage the 

two mutants at 4C for 60 days, they lost the advantage of 

increasing enzyme production. Thus, true active isolate in the 

production of the enzyme could not be obtained by using 

gamma irradiation.              

 



                                                                             Materials and Methods 

 

38 

 

 

  



                                                                             Materials and Methods 

 

39 

 

                        Materials and Methods 

I-Materials 

 

1. Microorganisms 

    Rotten fruits (apple, banana, orange and strawberry) were 

chosen to isolate the target fungi. They were collected from 

local markets. In addition, target fungi were isolated from soil 

sample previously collected from planted areas in Cairo. 

2. Media  

    Several types of media were used throughout the present 

work. The composition and preparation of these media were as 

follows: 

     - Isolation, purification and maintenance medium 

       Czapek-Dox agar medium was used for isolation, 

purification and maintenance of fungal isolates. It has the 

following composition (g/l): glucose, 30; NaNo3, 2; KH2PO4, 

1; MgSO4.7H2O, 0.5; KCl, 0.5; agar, 20 and distilled water, 

1000ml. the medium was adjusted to pH 5.7. 

    -Medium for screening and selection of tannase 

producers 

      Qualitative screening for tannase-producing fungi was 

carried out using modified Czapek-Dox agar medium 

consisting of (g/l): glucose, 20; tannic acid, 10; NaNo3, 2; 

KH2PO4, 1; MgSO4.7H2O, 0.5; KCl, 0.5; agar, 20 and distilled 

water, 1000ml. the medium was adjusted to pH 5.7. 

        For quantitative evaluation, the tannase producers were 

cultivated under SSF conditions on a medium having the 

following composition: a mass of 10g of wheat bran was taken 

in 250 ml Erlenmeyer flask containing 3g tannic acid, both 

were mixed by hand shaking for 2 min and moistened with 10 

ml of mineral salt solution. 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.  
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        -Media employed in physiological and 

characterization studies of tannase produced by the most 

potent fungus 

         The selected fungal isolate was grown under SSF 

conditions employing the same medium mentioned above. 

          Medium used for cultivating the organism under static or 

shaking conditions was the same as for SSF, but without 

addition of wheat bran. 

           All the aforementioned media were autoclaved at 121°C 

for 20 min. 

 

II- Methods 

1. Isolation of fungi 

    Three 10g replicates of samples either fruits or soil were 

dispersed into 100ml of sterile tape water in 250ml Erlenmeyer 

flasks. The flasks were shaken by hand for 15 minutes. Ten-

fold dilutions were made in sterile saline and 1.0 ml from each 

dilution was put in a sterile Petri dish, then warm (about 45C°) 

Czapek-Dox agar medium supplemented with 0.025% 

chloramphenicol to inhibit bacterial growth was pored over it.  

The plates were rotated carefully with hands for few seconds, 

left for one hour to solidify then incubated at 30°C for 5 days.  

2. Purification and maintenance of isolated fungi 

     Fungi isolated as mentioned above were purified and 

maintained on Czapek-Dox agar medium at 5°C. Subculturing 

of these isolates was carried out monthly. 

 

3. Selection of tannase-producing fungi 

    - Screening of isolated fungi for decomposing tannic acid   

      The ability of fungal isolates to grow in the presence of 

tannic acid was tested in a preliminary experiment. Tested 

fungi were subcultured on the modified Czapek-Dox agar 

medium. Isolates that failed to grow in the presence of tannic 

acid were excluded. 
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       - Selection of the most potent tannase-producing fungi 

      The tested fungal isolates that were able to grow in the 

presence of tannic acid were evaluated in SSF conditions for 

quantitative determination of tannase activity to select the most 

efficient producer for subsequent studies. 

4- Cultivation of organisms 

     Spores were scrapped from mycelia which were grown on 

slants for 5 days at 30°C and suspended by hand shaking in 

sterile distilled water. For each fungus tested, 3ml aliquots of 

this suspension were used to inoculate, under aseptic 

conditions, 250 ml Erlenmeyer flasks each contained the 

previously mentioned medium for SSF conditions. The 

inoculated flasks were incubated at 30°C for 5 days. 

 

5- Extraction of crude tannase 

    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. 

 

6- Dialysis of the crude enzyme 

       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 crude enzyme obtained after the 

aforementioned extraction step was dialyzed against distilled 

water for 24 hr using dialysis bag (Medicell International Ltd). 

 

7- Identification of the fungal isolates 

  - Morphological characterization of Aspergillus  was done 

according to Mubasher (1993) 

      a- Conidial heads greenish black, brownish black or 

purplish   black. 
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    b- Conidial heads globose, radiate or splitting into several    

irregular or well-defined columns of conidial chains. 

    c- Conidiophores hyaline to brown, smooth-walled, usually 

thick walled, sometimes constricted just below the 

vesicle.  

    d- Vesicle globose to subglobose, hyaline to dark brown. 

    e- Metulae absent or present, hyaline to dark brown, varying 

in length, occasionally with a median septum.  

    f- Phialides usually hyaline, typically ampulliform. 

     g- Conidia globose to subglobose, occasionally elliptical 

or prolate, usually brown, smooth-walled, with 

longitudinal striations, with irregular ridges and bar or 

with discrete spines. 

    g- Sclerotia present, globose to subglobose cream-colored 

when young later buff to pinkish buff or brown, hard 

and naked.  

    - Complete identification  

    All isolated fungi were identified at Assuit University, 

Mycological Center, Egypt. (AUMC). 

 

8- Tannase assay 

     Tannase activity was determined spectrophotometrically 

using tannic acid as a substrate according to the method of 

Mondal et al. (2001b), but with some modifications.  

     Unless otherwise specified the standard reaction mixture 

contained in a total volume of 2 ml: 4µmole of tannic acid 

prepared in 0.2 M sodium acetate buffer, pH 4.8 and the 

adequate amount of enzyme preparation. The reaction was 

initiated by the addition of the enzyme. After 20 min 

incubation in a water bath at 60°C, the reaction was terminated 

by icing. To aliquots of the reaction mixture, water was added 

to bring the volume to 2 ml and 1 ml of 0.13M ferric chloride 

was then added and left for 15 min. The color intensity was 

measured at 530 nm and the enzyme activity was calculated 
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from the difference in absorbance at zero time (beginning of 

the reaction) and after enzymatic reaction. The unknown 

amounts of tannic acid were determined from a standard curve 

prepared by the same procedure (Fig. A) 

 

 

       
       

 
Fig. (A) Standard curve of tannic acid 

 

    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. 

 

9- Determination of gallic acid 

     Gallic aid was determined spectrophotometrically 

depending on the method of Pinto et al. (2006) using ethanolic 

rhodanine method. 
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      In a test tube, 0.4 ml of the sample containing gallic acid 

was added to 0.6 ml of a 0.667 % (w/v) solution of ethanolic 

rhodanine reagent. The test tubes were then kept at room 

temperature for 5 min. after this, 0.4 ml of 0.5 N KOH was 

added to each tube and these were incubated at room 

temperature for 2.5 min. Finally, each tube was diluted to 10 

ml with distilled water and the absorbance was recorded at 520 

nm. The unknown amounts of gallic acid were determined 

from the following equation: 

    Concentration of gallic acid (mg/ml) = O.D - 0.0043    

                                                                           0.1458 

10- Gallotannin estimation 

       Gallotannin concentration was determined according to 

the method described by Bajpai and Patil (1996) as follow: 

samples of culture medium were filtered through whatman 

No.1 paper and the filtrate was diluted with 0.5M acetate 

buffer, pH 6.0 and the absorbance was recorded at preselected 

wavelengths. 

       Concentration of gllotannin (mg/ml) = 34.41 (A293.8) - 

6.98(A254.6) 

        

11- Protein determination 

      The protein content in the crude enzyme preparation was 

determined according to the method of Lowry et al. (1951). 

      - Reagents 

             Solution (A): 4% NaCO3 in distilled water. 

        Solution (B): 2% CuSO4.H2O in distilled water. 

        Solution (C): 4% potassium sodium tartrate in distilled  

water. 

        Solution (D): (Copper reagent): This was made by 

        mixing 100 ml of Solution (A) with 1ml of Solution (B) 

and1ml of Solution (C). The reagent is prepared daily. 
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        Solution (E): (Folin-Ciocalteu reagent): 1 ml diluted with 

2 ml of distilled water. This solution should be prepared 

immediately before use. 
      

            -Procedure  

    To 1 ml aliquot of dialyzed and diluted enzyme solution, 5 

ml of copper reagent (D) were added and the tubes were 

allowed to stand for 45min at room temperature. To each tube 

0.5 ml of Solution (E) was then added, followed by immediate 

mixing of the contents of the tube. The tubes were left for15 

min at room temperature to allow full color development. The 

absorbance of the blue color was determined 

spectrophotometrically at 660 nm. The unknown amounts of 

protein were then determined from a standard curve (Fig. B) of 

bovine serum albumin prepared by the same procedure. 

 

 
 

              Fig. (B) Standard curve of bovine serum albumin. 

 

12. Irradiation studies. 
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    Cobalt-60 model Indian gamma cell located at the National 

Center for Radiation Research and Technology, Atomic 

Energy Authority of Egypt was used. The dose rate at the time 

of the experiment was 1.5 kGy/ h.  

 

     -Irradiation of the selected fungal isolate 

      Spore suspension of the selected isolate was divided into 5 

ml aliquots in sterile test tubes. These were irradiated with 

different doses of gamma radiation ranging from (0.0-1.0-2.0-

3.0-4.0 kGy) using triplicate test tubes. 

       

      -Effect of gamma radiation on the viability of the 

selected isolate (dose response curve) 

       Immediately after irradiation, 1 ml of each treatment and 

control (non-irradiated spore suspension) were serially diluted 

in sterile saline. The count of fungal spore survivors was 

enumerated on Czapek-Dox agar medium. All plates were 

incubated at 30ºC for 5 days. The growing colonies were 

counted and irradiation dose was plotted against log of the 

number of survivors divided by the initial count before 

irradiation (log N/No). 

 

        -D10 value of the selected fungus 

         D10 values of the tested isolates were calculated from the  

regression linear equation (Lawrence, 1971). 

 Y = a + b x                                         

D10 value = - 1/b                

b = x y – n x y /  x
2
 – n x

2 

r = [x y - x (y/n)] / √ [x
2 
– (x)

2
/n)] [y

2 
- (y)

2
/n)] 

  

Where:  

a : log of microbial count when x equal zero. 

b : regression factor. 

r : Pearson correlation coefficient  
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y : log of surviving fraction. 

x : dose level in kGy. 

n : number of calculated points. 

x :  x / n. 

y :  y / n. 

     -Effect of gamma radiation on tannase production by 

the most potent producer  

      To study the effect of increasing doses of gamma radiation 

on tannase production by the most active tannase producer,  

spore suspension of the fungus under study  was exposed to 

gamma radiation (0.25, 0.5, 0.75, 1, 1.25 and 1.5 kGy) and 

crude extracellular tannase was extracted and assayed as 

previously mentioned.  

    - Protein profile of the selected fungus before and after 

irradiation. 

     Total amino acid determination was performed according to 

the method of (Suzanna, 1998). 50 mg of dried samples were 

placed in an Erlenmeyer flask, and 5ml of performic acid were 

added to protect methionine and cystine from destruction. 5ml 

of 6N HCl were added to the oxidized mixture, sealed and put 

in an oven at 110°C for 24 h. The flask was then opened and 

its content was evaporated for dryness in a rotary evaporator. 

A suitable volume of sodium citrate buffer (pH 2.2) was added 

to the dried film of the hydrolyzed sample to dissolve the 

soluble materials. Total amino acid composition was estimated 

using high performance amino acid analyzer. Biochom 20, 

Pharmacia Biotech at the NCRRT. 

 

13. Production of gallic acid from different agricultural 

wastes 

       -Production of gallic acid by the most efficient tannase 

producer  

      Several agricultural wastes were chosen from local areas 

(apple bagasse, green tea waste, mango seed kernel, olive mill, 



                                                                             Materials and Methods 

 

48 

 

palm kernel cake, peat moss and tamarind). Such wastes 

replaced tannic acid in the cultivation medium with the same 

other conditions as previously mentioned. Gallic acid either 

free in the waste material or produced during fermentation 

process were monitored after (0, 3, 5, 7, 10, 12 and 14 days) by 

the method described before.  

 

     - Gallic acid formation by the action of tannase of the 

selected fungus  

 

       In this experiment the aforementioned agricultural wastes 

were incubated with tannase produced by the selected fungus 

grown on 3% tannic acid. The enzyme was extracted as 

described before, but under aseptic conditions. For each waste, 

20 ml of crude enzyme was added aseptically in 50 ml 

Erlenmeyer flask containing 5g of sterilized and cooled waste, 

then incubated on an orbital shaker (100 rpm) at room 

temperature. Samples were withdrawn under aseptic conditions 

at diferent time intervals (3, 6, 9, 12, 18, 24 and 42 hours) and 

assayed for gallic acid formation as previously mentioned. 

Furthermore, the amount of free gallic acid in each waste was 

determined before starting the reaction.   
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PART I 

Isolation, identification of plant pathogenic 

fungi and their screening for tannase 

production   
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1- Isolation and identification of plant pathogenic fungi. 

       Since tannins are distributed in species throughout the 

plant kingdom and have a role in protecting plants, either the 

underground or upground parts, against microbial attack, it is 

expected that the pathogenic microorganisms produce tannase 

to hydrolyze tannin before infecting the plants. One hundred 

and thirty fungi were isolated from soil rhizosphere and 

infected fruits (apple, banana, mango, orange and strawberry). 

The fungal isolates were kindly identified at Assuit University, 

Mycological Centre, Egypt. 

    

    Table (1) demonstrates the isolation sources, number of 

fungi isolated from each source, number of genera and 

identification of the isolates obtained to the genus and species 

level. It is evident from table (1) that 67 and 63 fungi were 

isolated from soil rhizosphere cultivated with woody trees or 

cotton and infected fruits, respectively. 

         

   The sixty-seven fungi isolated from the soil rhizosphere were 

identified as Aspergillus niger, Cladosporium cladosporoides, 

Cochliobolus lunatus, Fusarium chlamydosporium and 

Myrithecium verrucaria.      

 

     Isolates obtained from infected fruits of either apple or 

orange were identified as Aspergillus flavus and Penicillium 

chrysogenum. Moreover, the banana-origin isolates, belonging 

to two genera, were identified as Aspergillus parasiticus and 

Paecilomyces variotii. Aspergillus oryzae was the only fungus 

isolated from infected mango fruits, whereas, Aspergillus 

fumigatus was the only isolate obtained from infected 

strawberry fruits.  It is clear also from table (1) that Aspergillus 

was the most dominant genus obtained from all isolation 

sources. On the other hand, Peacilomyces was isolated only 

from infected banana fruits.  
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Table (1) Isolation and identification of plant pathogenic 

fungi from soil rhizosphere and infected fruits.             
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Identification of 

fungal isolates 

to species level. 

 

Identification of 

fungal isolates to  

genus level 

 

No. 

of 

isolated 

genera 

 

No. 

of 

fungal 

isolates 

 

Isolation 

source 

A. niger 

C. cladosporiodes  

C. lunatus  

F. clamydosporium 

M. verrucaria 

Aspergillus          (50) 

Cladosporium       (3) 

Cochliobolus        (5) 

 Fusarium             (8)  

Myrothecium        (1) 

 

 

5 

 

 

 

67 

 

Soil 

rhizosphere 

 

 A. flavus 

P. chrysogenum 

Aspergillus           (7) 

Penicillium           (5) 

 

2 

 

12 

 

Apples 

A. parasiticus 

P. variotii 

Aspergillus          (12) 

Peacilomyces        (2) 

 

2 

 

14 

 

Bananas 

A. oryzae. Aspergillus          (12) 1 12 Mangoes 

A. flavus 

P. chrysogenum  

Aspergillus           (8) 

Penicillum            (5) 

 

2 

 

13 

 

Oranges 

A. fumigatus Aspergillus          (12) 1 12 Strawberries 

 130 Total 
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2- Screening of isolated fungi for decomposing tannic acid 

    

    The ability of fungal isolates (130) to grow on agar slants of 

modified Czapek-Dox medium containing 1% tannic acid 

investigated. It was found that only 24 fungal isolates had the 

capability to proliferate on this modified medium. This 

preliminary experiment didn’t give a real indication about the 

ability of these isolates to produce tannase, since they may 

utilize other ingredients of modified Czapek-Dox medium. So, 

the 24 fungal isolates were screened individually for tannase 

production using SSF medium containing tannic acid as the 

sole source of carbon and energy. Data recorded in table (2) 

show that only 12 fungal isolates out of 24 were able to grow, 

utilize tannic acid and produce extracellular inducible tannase. 

These isolates were identified as Aspergillus fumigatus, 

Aspergillus nigr, Aspergillus parasiticus, Cladosporium 

cladosporoides and Paecilomyces variotii.  

     To determine quantitatively the amount of tannase 

produced by each of the 12 fungal isolates which were able to 

utilize tannic acid, an experiment was carried out in which the 

enzyme formed by each isolate was incubated with tannic acid 

dissolved in sodium acetate buffer at pH 4.8 as described under 

“Materials and Methods”. The amount of tannic acid 

consumed was measured in each case after 20 min incubation 

and the specific activity of tannase of each isolate was then 

calculated. A comparison between the specific activities of 

tannase of the 12 isolates tested is seen in table (3). Results 

cited in this table show that Aspergillus niger (So1) synthesized 

remarkable quantities of tannase followed by Aspergillus niger 

(So5) and Cladosporium cladosporoides (So2), while 

Aspergillus fumigatus (St1 &St2),  Aspergillus niger (So6) and 

Paecilomyces variotii (B1, B3 & B5) produced significant 

amounts of the enzyme. On the other hand, Aspergillus 

parasiticus (A3 & A4) and Paecilomyces variotii (B6) showed 

little potency to form tannase.  
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Table (2) Growth of fungal isolates under solid state 

fermentation condition 
                                                                                                               

 

 

htworG 

 

Symbol of 

etalosi 

 

 

 

Fungal isolates 

 

Sources of 

noitalosi 

- A1 Aspergillus flavus Apple 

- A2 Penecillium chrysogenum elppA 

+ A3 Aspergillus parasitius Banana 

+ A4 Aspergillus parasitius Banana 

+ B1 Paecilomyces variotii Banana 

- B2 Paecilomyces variotii Banana 

+ B3 Paecilomyces  variotii Banana 

- B4 Paecilomyces variotii Banana 

+ B5 Paecilomyces varoitii Banana 

+ B6 Paecilomyces variotii Banana 

- M1 Aspergillus oryzae Mango 

- M2 Aspergillus oryzae ognaM 

- O1 Penecillium chrysogenum Orange 

- O2 Aspergillus flavus Orange 

+ So1 Aspergillus niger Soil 

+ So2 Cladosporium cladosporiodes Soil 

- So3 Cochliobolus lunatus Soil 

- So4 Fusarium chlamydosporium Soil 

+ So5 Aspergillus niger lioS 

+ So6 Aspergillus niger lioS 

+ So7 Aspergillus fumigatus lioS 

- So8 Paecilomyces variotii lioS 

- tS1 Aspergillus fumigatus Strawberry 

+ tS2 Aspergillus fumigatus Strawberry 
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Table (3) Screening of isolated fungi for decomposing 

tannic acid 
 
                               

       
  * As motioned by Assuit University, Mycological Center.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Specific activity 

(U/mg protein)  

 

AUMC 

No. * 

 lobmyS of 

isolate 

 

 

 

Fungal isolates 

1.16 4317 St1 Aspergillus fumigatus 

0.99 4308 tS2 Aspergillus fumigatus 

3.25 4301 oS1 Aspergillus niger 

1.92 4321 5oS Aspergillus niger 

0.98 4310 6oS Aspergillus niger 

0.37 4320 A3 Aspergillus parasitius 

0.36 4322 4A Aspergillus parasitius 

1.59 4300 2oS Cladosporium cladosporiodes 

1.33 4319 1B Paecilomyces variotii 

0.81 4304 3B Paecilomyces  variotii 

1.01 4309 5B Paecilomyces varoitii 

0.50 4323 6B Paecilomyces variotii 
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PART II 

Physiological studies on tannase production 

by A. niger AUMC 4301 
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1. Rate of gallic acid formation from tannic acid by tannase 

of A. niger AUMC 4301 

 

      The present experiment aims to demonstrate the rate of 

formation of gallic acid from tannic acid by tannase of A. niger 

AUMC 4301. This was achieved by incubating the enzyme 

with tannic acid dissolved in 0.2M acetate buffer, pH 4.8 and 

following the consumption of tannic acid and appearance of 

gallic acid. 

      

     Fig. (1) illustrates that tannic acid was hydrolyzed by the 

action of tannase yielding gallic acid, it can be seen that the 

increase in the amount of formed gallic acid was associated 

with a decrease in the amount of tannic acid added. The 

amount of consumed tannic acid after 30 min on equimolar 

basis was almost equivalent to that of the formed gallic acid.  
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Fig. (1) Rate of gallic acid formation from tannic acid by 

tannase of A. niger AUMC 4301 

Reaction mixture contained: tannic acid, 4µmole; acetate buffer at pH 

4.8, 200µmole; enzyme protein, 0.85 mg; total volume, 2ml; incubation 

time, as indicated; temp,  60°C.  
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2. Comparison between the effect of static, shaking and 

solid state fermentation techniques on tannase 

production by A. niger AUMC 4301. 

        The present experiment was carried out to compare 

between the effect of static, shaking and SSF techniques on 

tannase synthesis by A. niger AUMC 4301.  

       

   Three parallel experiments were made simultaneously. In the 

first set the incubation was done under liquid static condition 

(without shaking), whereas in the second experiment the 

organism was grown under submerged condition on a rotary 

shaker at 150 rpm. As for the third experiment, the incubation 

was carried out under (SSF) condition. 

     

    Results illustrated graphically in Fig. (2) Indicate that 

tannase activity and accordingly specific activity of A. niger 

AUMC 4301 incubated under solid state fermentation 

condition was higher than those obtained with cultures grown 

under static or submerged condition. Consequently, SSF 

technique will be employed in the subsequent experiments. 
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Fig. (2) Comparison between the effect of static, shaking 

and SSF techniques on tannase production by A. 

niger AUMC 4301.    
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3. Effect of different incubation periods on tannase 

biosynthesis by A. niger AUMC 4301. 

        This experiment was designed to determine the time at 

which maximum formation of tannase occurs. A. niger AUMC 

4301 was grown under SSF condition on a medium containing 

3 g tannic acid, 10 g wheat bran and salt solution adjusted at 

pH 5 at 30°C. Tannase activity of the experimental fungus was 

determined at different incubation periods ranging from 2-7 

days. 

       Fig. (3) shows that the highest specific enzyme activity 

was obtained after five days incubation then the enzyme level 

decreased gradually. In all the following experiments the 

cultures were harvested at the fifth day of growth at which 

tannase synthesis of A.niger tannase reaches its maximum. 
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Fig. (3) Effect of different incubation periods on tannase 

biosynthesis by A. niger AUMC 4301.     
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4. Influence of incubation temperature on the production 

of A. niger AUMC 4301 tannase. 

      The importance of temperature as a major factor affecting 

microbial growth was realized very early. It is well established 

that temperature greatly affects all activities of 

microorganisms. Nevertheless, the rate of synthesis of 

macromolecules is depending on the incubation temperature.          

     The present experiment aims to determine the optimal 

temperature for tannase formation by A. niger AUMC 4301 

when grown at various degrees of temperatures ranging from 5 

- 40°C. 

     Data obtained are presented in Fig. (4). It is clear that the 

organism was able to grow and synthesize tannase over a 

relatively broad range of incubation temperatures. 

      The optimal temperature for enzyme production was 30°C. 

A slight decrease in enzyme specific activity was observed at 

40°C. Therefore, the incubation temperature for tannase 

synthesis will be selected at 30°C in all the subsequent 

experiments.  

 

 

 

 

 

 

 

 

 



                                                                  Experimental Results 

63 
 

 

                                                                                          

 

 

Fig. (4) Influence of incubation temperature on the    

production of A. niger AUMC 4301 tannase.      
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5. Effect of various carbon sources on tannase formation 

by A. niger AUMC 4301. 

    The aim of this experiment was to investigate the effect of 

different carbon sources on the synthesis of A. niger AUMC 

4301 tannase. This study aims also to clarify which of these 

compounds can act as an inducer or a repressor for the 

enzyme. Each carbon source was added to the culture medium 

at a concentration of 3%. 

     Fig. (5) Illustrates that none of the tested carbon 

compounds stimulated enzyme formation as compared with 

tannic acid-grown cultures (control). Glucose caused about 

34% repression in enzyme production, whereas mannitol 

completely suppressed it. Additionally, xylose, fructose, 

sucrose, starch and glycerol resulted in great decrease in 

enzyme level in comparison with the control experiment. 

  

 

 

 

 

 

 

 

 

 

 

 

 



                                                                  Experimental Results 

65 
 

 

 

 

Fig. (5) Effect of various carbon sources on tannase 

formation by A. niger AUMC 4301. 

 -Each carbon source was added at a concentration of 3 % 
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6. Synthesis of tannase as a function of tannic acid 

concentration in the culture medium of A. niger AUMC 

4301. 

     From the preceding experiment it is evident that tannic acid 

was the most suitable carbon source for tannase induction by 

the experimental fungus. It was then necessary to test the effect 

of tannic acid concentration in the medium on the yield of this 

enzyme. Tannic acid was used as the sole carbon source in five 

different concentrations ranging from 1.5 to 12 %. 

        Results cited in Fig. (6) show that optimum concentration 

of tannic acid for tannase production of A. niger AUMC 4301 

was 3%. Higher concentrations of tannic acid reduced the 

amount of the formed enzyme, and the repressing effect was 

increased as its concentration in the growth medium was 

increased. Tannic acid at a concentration of 12% resulted in a 

marked repression (96%) in tannase synthesis as compared 

with cultures grown with 3% tannic acid. Consequently, in all 

the subsequent experiments tannic acid at a concentration of 

3% (which is the optimal for enzyme formation by the fungus 

under study) will be used.  
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Fig. (6) Synthesis of tannase as a function of tannic acid 

concentration in the culture medium of A. niger 

AUMC 4301.  

 

 

 

 

 

0

0.5

1

1.5

2

2.5

3

3.5

0 2 4 6 8 10 12

S
p

ec
if

ic
 a

ct
iv

it
y
 (

U
/m

g
 p

ro
te

in
) 

Tannic acid concentration (%)



                                                                  Experimental Results 

68 
 

7. Effect of different nitrogen sources on tannase 

production by A. niger AUMC 4301.                                                                                         

      The aim of this experiment was to demonstrate the effect 

of various nitrogen sources on formation of A. niger AUMC 

4301 tannase. The compounds were added to the culture 

medium in amounts equivalent, on nitrogen basis, to the 

amount of nitrogen in 0.2% ammonium nitrate. 

     It is obvious from the results shown in table (4) that none of 

the tested nitrogen nutrients enhanced the synthesis of A. niger 

tannase over that of ammonium nitrate–grown cultures 

(control). Alternatively, the specific enzyme activity was 

reduced when L-alanine, L- cysteine, ammonium chloride, 

potassium nitrate or sodium nitrate replaced ammonium nitrate 

in the culture medium. Tannase synthesis was highly repressed 

by using L- lysine, L-ornithine or L- serine as a nitrogen 

source, while ammonium sulfate suppressed it completely.  
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Table (4) Effect of different nitrogen sources on tannase 

production by A. niger AUMC 4301.  

 

-Each nitrogen source was added in amounts equivalent, on nitrogen 

basis, to the amount of nitrogen in 0.2 % ammonium nitrate. 

 

 

 

 

 

 

 

 

 

Specific Activity (U/mg protein) Nitrogen source  

3.22 Ammonium nitrate (control) 

1.00 L-Alanine 

1.02 Ammonium chloride 

0.00 Ammonium sulfate 

0.70 L-Cysteine 

0.40 L-Lysine 

0.33 L-Ornithine 

0.90 Potassium nitrate 

0.30 L-Serine 

0.83 Sodium nitrate 
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8. Dependence of tannase formation by A. niger AUMC 

4301 on ammonium nitrate concentration. 

     As shown in table (4) ammonium nitrate was the most 

favorable nitrogen source for production of A. niger AUMC 

4301 tannase. So, the aim of the present experiment was to 

study the effect of varying concentrations of this nitrogen 

compound on enzyme synthesis. Ammonium nitrate was added 

to the culture medium as the sole source of nitrogen in 

concentrations ranging from 0.05 - 0.4 % (0.5 - 4 g/l). 

      Data presented in Fig. (7) demonstrate that the specific 

activity of the enzyme was increased with increasing 

ammonium nitrate concentration up to 0.2 % (2 g/l) . Higher 

concentrations of ammonium nitrate repressed the enzyme 

formation and the level of repression was dependent on the 

extracellular concentration. 
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Fig. (7) Dependence of tannase formation by A. niger 

AUMC 4301 on ammonium nitrate concentration.     
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PART III 

Some kinetics and properties of tannase 

produced by A. niger AUMC 4301 
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1. Effect of reaction time on the activity of tannase from A. 

niger AUMC 4301. 

     The present experiment was undertaken to determine 

tannase activity as a function of reaction time. The reaction 

mixture was incubated at 60°C, and samples were withdrawn 

periodically for a period of 60 min and assayed for tannase 

activity.  

     Results obtained are graphically presented in Fig. (8). The 

reaction was found to be more or less linear with time up to 30 

min. Further increase in reaction time resulted in a gradual 

decrease in enzyme activity. It is clear from these results that 

the rate of the reaction catalyzed by A. niger AUMC 4301 

tannase couldn’t proceed to completion. The reason for this 

observation may be at least partially due to the accumulation 

of gallic aid, one of the products of the reaction, which retards 

the reaction rate. 
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Fig. (8) Effect of reaction time on the activity of tannase 

from A. niger AUMC 4301.    

Reaction mixture contained: tannic acid, 4µmole; acetate buffer at pH 

4.8, 200µmole; enzyme protein, 0.83 mg; total volume, 2ml; incubation 

time, as indicated; temp,  60°C.  
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2. Dependence of tannase activity of A. niger AUMC 4301 

on pH. 

     The hydrogen ion concentration is one of the most 

fundamental factors affecting enzymatic activity. So, the aim 

of the present experiment was to determine the pH value at 

which tannase activity is at its optimum rate.  

   Several reaction mixture were made, each contained the 

same amount of tannic acid and enzyme but adjusted to a 

certain pH value by the use of 0.2M acetate buffer. 

   Fig. (9) demonstrates the relationship between pH and 

tannase activity. Maximal enzyme activity was obtained at pH 

4.8. By increasing the pH value above 4.8, a gradual decrease 

in enzyme activity was recorded.  

    It can be seen from the results that tannase of A. niger 

AUMC 4301 needs an acidic environment to be active. 

 

 

 

 

 

 

 

 

 

 

 



                                                                  Experimental Results 

76 
 

     

 

 

Fig. (9) Dependence of tannase activity of A. niger AUMC 

4301 on pH. 

Reaction mixture contained: tannic acid, 4µmole; acetate buffer, pH as 

indicated, 200µmoles; enzyme protein, 0.97 mg; total volume, 2ml; time, 

20 min;   temp, 60°C.   
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3. Effect of temperature on tannase activity of A. niger 

AUMC 4301. 

     This experiment was conducted to find out the degree of 

temperature at which optimum activity of A. niger AUMC 

4301 tannase could be achieved.   

    A series of identical reaction mixtures were made and each 

was incubated at a different temperature. The range of 

temperatures used was from 30°C to 80°C. 

  Fig. (10) shows that maximal enzyme activity took place at 

60°C. The enzyme activity at 70°C was about 50 % of that 

obtained at 60°C. Presumably the enzyme was denaturated at 

70°C, an indication of its thermolability.  
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Fig. (10) Effect of temperature on tannase activity of A. 

niger AUMC 4301. 

Reaction mixture contained: tannic acid, 4µmole; acetate buffer at 

pH4.8, 200 µmoles; enzyme protein, 1.04 mg;  total volume, 2ml; time, 

20 min; temp, as indicated. 
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4. Heat inactivation kinetics of tannase from A. niger 

AUMC 4301. 

     This experiment was designed to test the stability of tannase 

activity of A. niger AUMC 4301 on incubating the enzyme (in 

absence of tannic acid) at either 60°C or 70°C for different 

time intervals in presence of acetate buffer, pH 4.8. 

     Data obtained are presented in Fig. (11) as percentage of 

remaining activities. It is evident from the results that when the 

enzyme was incubated at 70°C for 5 min, a total loss of 

activity occurred. However, exposing the enzyme to 60°C for 

5 min and 20 min resulted in about 23% and 55% loss of its 

activity, respectively. These results indicate that A. niger 

AUMC 4301 tannase is thermolabile. It is clear also, that 

although the optimum temperature for the enzyme activity was 

60°C, yet it was inactivated when incubated at the same 

temperature, in absence of the substrate. This indicates that 

presence of the substrate in the reaction mixture protects the 

catalytic site from heat inactivation. 
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Fig. (11) Heat inactivation kinetics of tannase from A. niger 

AUMC 4301.  

Crude enzyme (0.94 mg) was incubated at 60 °C and 70 °C with an 

equal volume of 0.2M acetate buffer, pH 4.8; Samples were withdrawn at 

different time intervals and assayed for tannase activity.  
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5. Tannase activity as a function of enzyme concentration 

     The purpose of the present experiment was to prove that the 

rate of catalytic activity of A. niger AUMC 4301 tannase is 

dependent on the amount of enzyme in the reaction mixture. 

    Several reaction mixtures were set up which contained the 

same amount of tannic acid and acetate buffer at pH 4.8, but 

had varying amounts of the enzyme. 

   Fig. (12) demonstrates the relationship between tannase 

activity and protein concentration. The results indicate that the 

extent of catalytic action is directly proportional to the 

concentration of the enzyme in question.  
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Fig. (12) Tannase activity as a function of enzyme 

concentration.     

Reaction mixture contained: tannic acid, 4µmole; acetate buffer at pH 

4.8, 200µmoles; enzyme protein, as indicated; total volume, 2ml; time, 

20 min; temp, 60°C. 
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6. Determination of the apparent Km value of A. niger 

AUMC 4301 tannase for tannic acid.  

        Determination of the apparent Km (Michaelis constant) 

value of A. niger AUMC 4301 tannase was achieved through 

studies relating substrate concentrations to the velocities of the 

reactions. 

     Different concentrations of tannic acid were incubated with 

the same amounts of enzyme protein and acetate buffer, pH 4.8 

at 60°C for 20 min.  

     Fig. (13) Illustrates the effect of tannic acid concentrations 

on tannase activity of A. niger AUMC 4301. Fig. (14) 

represents a Lineweaver Burk plot (Lineweaver and Burk, 

1934) of the reciprocal of initial velocities and tannic acid 

concentrations. From this plot the apparent Km value of the 

enzyme was calculated and found to be 2.5 mM. 

     It is clear also from the results seen in Fig. (13) that the 

enzyme activity was increased with increasing concentrations 

of tannic acid up to 2.5mM. Further increase in tannic acid 

concentrations resulted in a significant decrease in enzyme 

activity. It could be suggested from such finding that gallic 

acid, as a product of the reaction catalyzed by tannase, may 

have an inhibitory effect on enzyme activity. 
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Fig. (13) Effect of tannic acid concentrations on tannase 

activity of A. niger AUMC 4301. 

Reaction mixture contained: tannic acid, as indicated; acetate buffer at 

pH 4.8, 100 µmoles; enzyme protein, 0.435 mg; total volume, 1ml; time, 

20 min; temp, 60°C. 
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Fig. (14) Lineweaver-Burk plot of the reciprocals of initial 

velocities and tannic acid concentration.  
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7. Influence of gallic acid on the activity of A. niger AUMC 

4301 tannase.  

      Results of experiments (1) and (6) arose the idea that gallic 

acid may be an inhibitor to the activity of A. niger AUMC 

4301 tannase. So, the aim of the present experiment was to 

investigate the effect of gallic acid on the enzyme activity. 

     This was carried out by adding gallic acid at a concentration 

of 2.5 mM to the reaction mixtures containing increasing 

concentrations of tannic acid (substrate) and measuring the 

rates of the reaction catalyzed by the enzyme. This was 

compared with analogous rates obtained without gallic acid 

addition. 

     Data obtained are graphically presented in Figs. (15 and 

16). Such results indicate that gallic acid is a competitive 

inhibitor to A. niger AUMC 4301 tannase as at high substrate 

concentrations relief of inhibition was obtained. The Ki 

(inhibition constant) was calculated and found to be 1.35 mM.  
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Fig. (15) Influence of gallic acid on the activity of A. niger 

AUMC 4301 tannase. 

Reaction mixture contained: tannic acid, as indicated; acetate buffer at 

pH 4.8, 100µmoles; enzyme protein, 0.435 mg; total volume, 1ml; time, 

20 min; temp, 60°C.   
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Fig. (16) Competitive inhibition of tannase of A. niger 

AUMC 4301 by gallic acid. 
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8. Effect of some metal salts and Ethylene Diamine 

Tetracetate (EDTA) on tannase activity of A. niger 

AUMC 4301. 

    In this experiment the effect of addition of some metal salts 

and EDTA on the activity of A. niger AUMC 4301 tannase 

was investigated. 

     As seen in Fig. (17) it’s apparent that addition of  EDTA to 

the reaction mixture didn’t inhibit tannase activity. This 

suggests that no metal cations participate in enzyme catalysis. 

This is supported by the finding that the enzyme didn’t show 

any metal ion requirement for its activity. Conversely, Fe
+2

, 

Mn
+2

, Cu
+2

, Zn
+2

 and Ca
+2

 showed inhibitory effect on a 

decreasing order on enzyme activity. Its evident also from the 

result obtained that the enzyme was inhibited by about 14% 

with Co
+2

 and Mn
+2

.  
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Fig. (17) Effect of some metal salts and Ethylene Diamine 

Tetracetate (EDTA) on tannase activity of A. 

niger AUMC 4301. 

Reaction mixture contained: tannic acid, 4µmole; acetate buffer at pH 

4.8, 200µmoles; enzyme protein, 1.2 mg; additions, as indicated; total 

volume, 2ml; time, 20 min; temp, 60°C. 
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PART IV 

Gamma irradiation effect on tannase 

production from A. niger AUMC 4301. 

 
 

  



                                                                  Experimental Results 

92 
 

1. Effect of increasing doses of gamma radiation on spore 

viability of A. niger AUMC 4301. 

     

      This experiment aims to demonstrate the effect of different 

doses of gamma radiation on the viability of spores of A. niger 

AUMC 4301. The dose-response curve (0 - 4 kGy) of the 

spores was determined in saline solution and D10 value 

(gamma radiation dose required to kill 90% of microbial 

population) was calculated.  

 

      Results presented in table (5) and Fig. (18) show that the 

viability of A. niger AUMC 4301 spores was decreased 

gradually as the radiation dose was increased. From table (5) 

D10 value was calculated and found to be 0.81 kGy indicating 

that A. niger AUMC 4301 was relatively resistant to gamma 

radiation. 
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Table (5) Effect of increasing doses of gamma radiation on 

spore viability of A. niger AUMC 4301. 

 

 
 

 
      

Fig. (18) Dose response curve of A. niger AUMC 4301. 
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2. Effect of low doses of gamma radiation on the 

productivity of A. niger AUMC 4301 tannase.  

      

   The present experiment was designed to investigate the 

effect of low doses of gamma radiation on tannase production 

by A. niger AUMC 4301. This was achieved by exposing the 

fungal spores to increasing doses of gamma radiation ranging 

from 0 to 1.25 kGy. These spores were then inoculated into the 

cultivation medium using the SSF technique as previously 

mentioned. 

    Results seen in Fig. (19) indicate that the highest specific 

activity of the enzyme was obtained at radiation dose of 0.5 

kGy. Further increase in radiation doses resulted in a gradual 

decrease in the rate of enzyme synthesis.    
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Fig. (19) Effect of low doses of gamma irradiation on the 

productivity of A. niger AUMC 4301 tannase.  
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3. Total amino acid profile of A. niger AUMC 4301 spores 

before and after irradiation. 

            

    The total amino acid composition of dried spores of A. niger 

AUMC 4301 before and after irradiation with 0.5 kGy of 

gamma rays was determined using high performance amino 

acid analyzer.             

 

      Table (6) showed that 17 amino acids were detected in 

both cases, leucine was the predominant one followed by 

tyrosine. Phenylalanine, lysine, aspartic acid and histidine 

almost had the same concentration, whereas the lowest 

concentrations were those of proline and methioine  
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Table (6) Total amino acid profile of A. niger AUMC 4301 

spores before and after irradiation. 
 

 

                               
 

 

 

 

 

 

 

 

 

 

Conc. of amino acid (%) 
Irradiated by 0.5 

kGy 

 

Un irradiated 

(Control) 

 

Amino acid 

Peak 

No. 

0.22 0.20 Alanine 1 

0.40 0.38 Arginine 2 

0.38 0.40 Aspartic 3 

0.26 0.28 Cystine 4 

0.36 0.34 Glutamic 5 

0.24 0.26 Glycine 6 

0.46 0.40 Histidine 7 

0.46 0.50 Isoleucine 8 

1.46 1.40 Leucine 9 

0.44 0.42 Lysine 10 

0.12 0.04 Methionine 11 

0.48 0.44 Phenylalanine 12 

0.14 0.14 Proline 13 

0.30 0.32 Serine 14 

0.36 0.38 Threonine 15 

0.66 0.64 Tyrosine 16 

0.38 0.38 Valine 17 

7.12 6.92 Total amino acid 
(%) 
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PART V 

  Gallic acid formation from different 

agricultural wastes 
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1. Production of gallic acid from different agricultural 

wastes by Aspergillus niger AUMC 4301 

      

     The present experiment was designed to study the ability of 

A. niger AUMC 4301 to produce gallic acid from different 

agricultural wastes. 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. It 

should be noted that the amount of gallic acid was estimated 

before and after fermentation at different incubation periods (3, 

5, 3, 10, 12 and 14 days).  

       From the results illustrated in table (7) and Fig. (20) it is 

obvious that, apple bagasse had the  highest  gallotannin 

content among the tested samples followed by green tea waste, 

while that of peat moss was the lowest one. The data also 

revealed that A. niger AUMC 4301 used all the agricultural 

wastes as carbon sources and liberated gallic acid.  

     The data cleared also that certain agricultural wastes 

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 occurred at the third day followed by a sharp decrease 

in its concentrations since it is easier for A. niger AUMC 4301 

to consume the free gallic acid as a readily available carbon 

source instead of the complicated agricultural wastes.  

       Table (7) showed also that the highest amount of gallic 

acid was liberated from green tea waste and apple bagasse, 

respectively. Other agricultural wastes recorded less than 1 

mg/ml of free gallic acid after the fifth day of incubation 

indicating the consumption of the produced gallic by the 

fungus.  
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Table (7) 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)   

 

0 

 

3 

 

5 

 

7 

 

10 

 

12 

 

14 

 

Apple bagasse 21.0 0.50 1.96 0.40 0.50 0.55 0.56 0.66 

Green tea waste 19.3 2.51 3.95 2.40 0.18 0.42 0.86 0.32 

Mango seed kernel 11.0 9.60 10.6 3.10 1.21 2.00 0.70 1.62 

Olive mill 9.50 0.00 0.18 0.24 0.27 0.35 0.43 0.33 

Palm kernel cake 6.53 0.30 0.46 0.18 0.094 0.25 0.20 0.18 

Peat moss 4.40 0.00 0.31 0.20 0.00 0.30 0.18 0.10 

Tamarind 8.97 0.00 0.45 0.15 0.06 0.09 0.45 0.02 
 

 

Fig. (20) Production of gallic acid from different 

agricultural   wastes by A. niger AUMC 4301.                         
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2. Gallic acid formation by the action of crude 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. 

      Data obtained are recorded in table (8) and illustrated 

graphically in Fig. (21). It is evident from the results that the 

concentration of gallic acid was 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 started to appear at 12 h in case of olive mill 

and tamarind, whereas its formation from peat moss was 

observed at 18 h. This indicates that the components of these 

wastes are highly complicated. As for mango seed kernel, there 

was a slight increase in gallic acid formation during the 

incubation period and reaching its maximum value at 18 h. 

With all wastes tested the level of gallic acid formed was 

decreased after 18 h incubation.     
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Table (8) Gallic acid formation by the action of crude 

extracellular tannase of A. niger AUMC 4301 

 

 

 Fig. (21) Gallic acid formation by the action of crude 

extracellular tannase of A. niger AUMC 4301 

Gallic acid conc. (mg/g) 

                hours 

 

Wastes 
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Apple bagasse 5.00 15.5 19.0 22.0 25.0 43.2 39.5 26.1 
Green tea waste 25.1 43.0 49.0 59.0 65.0 76.5 56.5 51.1 

Mango seed kernel 96.0 83.0 88.0 91.0 93.3 103.6 96.5 94.5 

Olive mill 0.00 0.00 0.00 0.00 20.0 35.7 26.8 21.5 

Palm kernel cake 3.00 5.00 6.50 9.00 22.0 39.0 21.9 10.6 

Peat moss 0.00 0.00 0.00 0.00 0.00 26.8 8.50 0.00 

Tamarind 0.00 0.00 0.00 0.00 3.00 28.1 17.5 10.5 
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                                         Discussion 

     Tannin is a substance found in many different plants 

especially in fruit peels and the cell wall of roots, so the 

present work was conducted to investigate the occurrence of 

tannase in certain fungi isolated from infected fruits and soil 

rhizosphere and identification of these isolates. It deals also 

with tannase synthesis under different environmental 

conditions, by the most efficient fungal isolate and studying 

some biochemical properties of the crude enzyme to clarify 

its potential as an important enzyme. The thesis aims also to 

study the effect of gamma radiation on tannase production by 

the selected fungal isolate, beside the production of highly 

economic product i.e. gallic acid using low cost agriculture 

wastes.  

 
     It is well known that the rhizosphere region is a highly 

favorable habitat for the proliferation and metabolism of 

numerous microorganisms. Some of these microorganisms are 

benefit for the growing plants while others are pathogens 

which have to attack plant cell wall to cause infection. Plant 

roots usually contain tannins and the pathogen is incited to 

produce tannase to infect plant roots. In the present study 67 

fungal isolates were obtained from soil rhizosphere cultivated 

with either woody trees (from different gardens) or cotton 

plant. Also 63 fungal isolates were taken from certain infected 

fruits having tannins in their peels. Twenty four out of 130 

fungal isolate were able to grow on agar slants of modified 

Czapek-Dox medium containing 1 % tannic acid, but only 12 

of them were able to utilize tannic acid as a sole source of 

carbon and energy. Data obtained revealed that A. niger 

AUMC 4301 produced remarkable amounts of extracellular 

tannase followed by A. niger AUMC 4321 and C. 

cladosporoids AUMC 4300.   It is worthy to mention that 

these three isolates were obtained from the soil rhizosphere. 
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     A. niger AUMC 4301 which was the most potent producer 

of tannase was chosen for the study throughout this thesis. 

  

      Investigating the effect of static, shaking and SSF 

techniques on production of extracellular tannase by A. niger 

AUMC 4301, results obtained showed that the enzyme 

formation was much higher under SSF than that observed with 

cultures grown under static or shaking conditions. In this 

concern, Lekha and Lonsane (1994) reported that titers of 

extracellular tannase produced by A. niger PKL 104 in SSF 

were 2.5 and 4.8 times higher and required only about half of 

the fermentation time in comparison with those in the same 

medium in submerged and liquid surface fermentation, 

respectively. Other studies were conducted to evaluate tannase 

production in submerged and solid state cultures (Belmares et 

al., 2004; Manjit et al., 2009 & Marco et al., 2009). These 

studies proved that tannase yield by Aspergillus under SSF 

conditions was higher than that produced under submerged 

conditions. On the other hand, Srivastava and Kar (2009) 

stated that extracellular tannase of A. niger ITCC 6514.07 was 

produced optimally under submerged fermentation conditions. 

SSF is a bioprocess in which microorganisms are grown on 

solid substances in the absence or near absence of free water 

(Cannel and Mooyoung, 1980). In general, fungi have been 

considered to be the organisms most adapted to SSF because 

their hyphae can grow on particle surfaces and penetrate into 

the interparticle spaces and thereby colonizing solid substrate 

(Santos et al., 2004), SSF takes place under low water/ high 

solid conditions (Van de Lagemaat and Pyle, 2001). Two 

types of substrates are used in SSF, those that are used by the 

microorganisms as the carbon and energy source, and those 

that can only support the fermentation process (Sabu et al., 

2005a). Due to its low cost and effectiveness, SSF is often the 
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system of choice for converting agro industrial residues to 

fermented foods, enzymes, and other extracellular metabolites 

such as organic acids and flavor compounds (Van de 

Lagemaat and Pyle, 2001). 

       Data obtained revealed that maximum synthesis of A. 

niger AUMC 4301 tannase occurred after 5 days incubation. 

There are various reports of different incubation periods 

ranging from 3 to 5 days for maximal formation of tannase by 

fungi (Hadi et al., 1994; Chatterjee et al., 1996; Battestin 

and Macedo, 2007a; Manjit et al., 2008; Paranthaman et 

al., 2009 & Srivastava and Kar, 2009). Enemuor and Odibo 

(2009) reported that maximum production of tannase by A. 

tamarii 1M1388810 (B) was obtained at 6 days, whereas, that 

of A. awamori (Seth and Chand, 2000) occurred after 60 h 

incubation. On the other hand, a much lower incubation time 

was recorded for maximal tannase synthesis by A. aculeatus 

(Banerjee et al., 2001), A. japonicas (Bradoo et al., 1996), A. 

niger (Lokeswari and Jayaraju, 2007a), A. oryzae 

(Rodrigues et al., 2007) and A. pullulans DBS66 (Banerjee 

and Pati, 2007). 

       The effect of growth temperature on production of A. 

niger AUMC 4301 tannase was studied. The optimal 

temperature for enzyme synthesis was found to be 30°C. A 

slight decrease in enzyme formation was observed at 40°C. 

Similar temperature optima were reported for tannases of A. 

niger ATCC 16620 (Sabu et al., 2005a), A. oryzae 

(Rodrigues et al., 2007) and C. parasitica (Farias et al., 

1992). However a somewhat lower temperature optimum 

(25°C) was recorded for tannase production by A. fumigatus 

MA (Manjit et al., 2008). On the other hand, Battestin and 

Macedo (2007a) found that maximal tannase synthesis by P. 

variotii occurred at 29-34°C, while that of A. flavus 

(Paranthaman et al., 2009) and A. niger (Lokeswari and 
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Jayaraju, 2007a) was optimal at 35°C. Additionally, 

Chaterjee et al. (1996) reported that the optimal temperature 

for enzyme production by R. oryzae was 40°C, whereas that of 

T. viride tannase was 45°C (Lokeswari et al., 2010). 

     None of the investigated carbon sources induced production 

of A. niger AUMC 4301 tannase in comparison with tannic 

acid grown cultures (control). On the other hand, glucose 

resulted in a moderate decrease in enzyme synthesis, whereas 

mannitol completely repressed it. Furthermore, enzyme 

formation was greatly suppressed by each of xylose, fructose, 

sucrose, starch and glycerol. Comparable studies dealing with 

the induction of microbial tannase synthesis by tannic acid 

were recorded by many workers (Nishira and Mugibayashi, 

1953; Yamada et al., 1968; Bradoo et al., 1996; Chatterjee 

et al., 1996; Kumar et al., 1999; Mondal et al., 2000; Seth 

and Chand, 2000; Banerjee et al., 2001; Mondal et al., 

2001a; Ayed and Hamdi, 2002; Skene and Brooker, 2002; 

Aissam et al., 2005; Banerjee and Pati, 2007; Battestin and 

Macedo, 2007a; Lokeswari and Jayaraju, 2007a; 

Paranthaman et al., 2009 &  Srivastava and Kar, 2009). It 

is worthy to mention that tannase of A. japonicus (Bradoo et 

al., 1996) was produced constitutively on simple and complex 

sugar substrates but activity was doubled in the presence of 

tannic acid as the sole carbon source. As stated by Mondal et 

al. (2000) B. licheniformis tannase was formed at highest 

activity with tannic acid as the only carbon source. Addition of 

glucose, lactose or sucrose suppressed enzyme synthesis 

though low concentrations of glucose or lactose were not 

repressive. Furthermore, Manjit et al. (2008) found that A. 

fumigatus MA synthesized high yields of extracellular tannase 

under SSF using different agro forest residues. They added that 

supplementation of the medium with glucose decreased the 

enzyme production.  
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     Tannase formation by A. niger AUMC 4301 was increased 

with increasing concentrations of tannic acid in the growth 

medium. Tannic acid concentration of 3% was the optimal for 

enzyme synthesis. Higher concentrations decreased the level of 

the produced enzyme, and the repressing effect was increased 

as concentration of tannic acid was increased. Comparable 

results were previously reported. Thus, Banerjee and Pati 

(2007) showed that maximum tannase production by A. 

pullulans DBS66 was noticed in the medium containing 1% 

tannic acid, and above this concentration, enzyme synthesis 

was gradually decreased. They explained their results on the 

basis that tannic acid in higher concentration makes an 

irreversible reaction with surface proteins of the organism 

thereby both growth and enzyme production may be reduced. 

Moreover, Seth and Chand (2000) found that an increase in 

tannic acid concentration induced an increase in tannase 

activity followed by a decrease because the enzyme synthesis 

was affected by deposition of gallic acid on the surface of the 

mycelia. The optimum concentration of tannic acid for tannase 

production differs depending on microorganism employed and 

fermentation conditions as mentioned by many investigators 

(Chatterjee et al., 1996; Kumar et al., 1999; Mondal et al., 

2000; Banerjee et al., 2001; Ayed and Hamdi, 2002; Aissam 

et al., 2005; Battestin and Macedo, 2007a; Lokeswari and 

Jayaraju, 2007a & Srivastava and Kar, 2009). 

     Concerning the effect of different nitrogen sources on 

tannase production by A. niger AUMC 4301, it was shown that 

the highest level of enzyme was obtained with ammonium 

nitrate. Enzyme synthesis was decreased when L- alanine, L- 

cysteine, ammonium chloride, potassium nitrate or sodium 

nitrate replaced ammonium nitrate as a nitrogen source. The 

enzyme formation was greatly suppressed by L- lysine, L- 

ornithine or L-serine in comparison with the control cultures, 

whereas it was completely repressed by ammonium sulphate. 
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These results agree with those recorded for tannase of A. 

japonicus (Bradoo et al., 1997) and P. variotii (Battestin and 

Macedo, 2007a) that ammonium nitrate was the most 

favorable nitrogen source for maximal enzyme synthesis. On 

the other hand, Manjit et al. (2008) found that 

supplementation of the medium with ammonium sulphate as a 

nitrogen source had enhanced tannase formation by A. 

fumigatus. Hadi et al. (1994) observed maximum production 

of R. oryzae enzyme with sodium nitrate. Moreover, Banerjee 

and Pati (2007) reported that most of the used nitrogen 

sources were effective for synthesis of A. pullulans DBS66 

tannase, but ammonium nitrate was inferior to ammonium 

chloride. Alternatively, Srivastava and Kar (2009) showed 

that tannase production by A. niger ITCC 6514.07 was 

repressed by nitrogen sources such as ammonium nitrate, 

ammonium chloride and potassium nitrate. 

     This thesis is also dealing with characterization of crude 

tannase of A. niger AUMC 4301.  

     The reaction catalyzed by tannase of A. niger AUMC 4301 

was shown to be more or less linear with time and the 

maximum activity was obtained after 30 min of incubation. 

However the enzyme activity decreased gradually afterwards. 

In this connection Mukherjee and Banerjee (2006) reported 

that an increase up to 5 min was observed in tannase activity of 

a co-culture of R. oryzae and A. foetidus followed by a 

decrease thereafter and the curve started leveling off. 

Moreover Sabu et al. (2005b) demonstrated that there was an 

increase in activity of A. niger ATCC 1662 tannase along with 

the increase in incubation time and optimum activity was 

obtained at 15 and 20 min of incubation. They also added that 

the enzyme activity was found to decrease with further 

increase in time. 
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     As for the optimum pH, tannase of A. niger AUMC 4301 

showed maximum activity at pH 4.8. This pH optimum is 

more or less similar to that reported for the enzyme from A. 

aculeatus DBF9 (Banerjee et al., 2001), A. awamori strains 

(Mahapatra et al., 2005 and Chhokar et al., 2009), A. flavus 

(Yamada et al., 1968), A. foetidus and R. oryzae (Mukherjee 

and Banerjee, 2006), A. oryzae (Iibuchi et al., 1968), B. 

cereus KBR9 (Mondal et al., 2001a), P. chrysogenum 

(Rajakumar and Nandy, 1983) P. variable (Sharma et al., 

2008) and Verticillium sp. (Kasieczka-Burnecka et al., 2007). 

The pH value for optimal tannase activity of many strains of A. 

niger previously studied was about 6 (Barchomeuf et al., 

1994; Sharma et al., 1999; Ramirez-Coronel et al., 2003; 

Sabu et al., 2005b; Anwar et al., 2009; Marco et al., 2009 & 

Srivastava and Kar, 2009). Furthermore, Aoki et al. (1976) 

found that maximal activity of tannase of Candida sp. was 

obtained at pH 6. However, a somewhat higher pH optimum 

(7) was reported for activity of S. ruminantium enzyme (Skene 

and Brooker, 2002) 

      Tannase of A. niger AUMC 4301 exhibited maximum 

activity at 60°C. The temperature optima for maximal activity 

of many microbial tannases ranged from 30 to 40°C(Iibuchi et 

al., 1968; Rajakumar and Nandy, 1983; Barchomeuf et al., 

1994; Mondal et al., 2001a; Skene and Brooker, 2002;  

Mahapatra et al., 2005; Sabu et al., 2005b; Mukherjee and 

Banerjee, 2006; Chhokar et al., 2009 & Srivastava and 

Kar, 2009). Our data are in accordance with those reported for 

the enzyme from A. niger van Tieghem (Sharma et al., 1999) 

and A. niger GHI (Marco et al., 2009) in having an optimal 

temperature of 60°C for maximum activity. Optimum 

temperature of 50°C was recorded for maximum activity of 

Candida sp. (Aoki et al., 1976) and P. variable (Sharma et 

al., 2008) tannases. Additionally, tannnases of A. aculeatus 

(Banerjee et al., 2001) and A. flavus (Yamada et al., 1968) 
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showed optimum activity at 50 to 60 °C, whereas activity of A. 

niger enzyme (Ramirez-Coronel et al., 2003) was found to be 

maximal at 60 to 70°C. It is worthy to mention that the two-

cold adapted extracellular tannases (TAHI and TAHII) of 

Verticillium sp.P9 were optimally active at 25 and 20°C, 

respectively (Kasieczka-Burnecka et al., 2007).   

       As shown also from the results, tannase of A. niger 

AUMC 4301 was rapidly inactivated when exposed to 60 or 

70°C, an indication of its thermoliability. Similarly, tannases 

of A. niger LCF8 (Barchomeuf et al., 1994), A. niger GHI 

(Marco et al., 2009), A. oryzae No.3 (Iibuchi et al., 1968), B. 

cereus KBR9 (Mondal et al., 2001a), Candida sp. (Aoki et 

al., 1976) and P. chrysogenum (Rajakumar and Nandy, 

1983) were found to be thermolabile. Alternatively, Yamada 

et al. (1968) recorded that the purified tannase of A. flavus was 

stable up to 60°C. Furthermore, Battestin and Macedo 

(2007b) stated that the crude tannase of P. variotii was stable 

in a temperature range from 20 to 70°C.  

     The effect of tannic acid concentration on the velocity of 

the reaction catalyzed by tannase of A. niger AUMC 4301 was 

tested in order to determine the apparent Km value of the 

enzyme for the substrate and to know whether or not there was 

inhibition in the enzymatic activity by tannic acid. The 

apparent Km value of A. niger AUMC 4301 tannase for tannic 

acid was 2.5 mM. However, tannase of P. variable (Sharma et 

al., 2008) exhibited a much higher Km value (32 mM) for 

tannic acid. On the contrary, lower Km values for tannic acid 

were reported for the enzyme from A. niger MTCC 

2425(Bhardwaj et al., 2003), A. niger GHI (Marco et al., 

2009), C. parasitica (Farias et al., 1994), P. variotii 

(Battestin and Macedo, 2007b), P. chrysogenum 

((Rajakumar and Nandy, 1983) and co-culture of R. oryzae 

and A. foetidus (Mukherjee and Banerjee, 2006).  As seen 
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from the results, activity of tannase under study was increased 

with increasing tannic acid concentration up to 2.5 mM. 

Further increase in tannic acid concentration caused a marked 

decrease in enzyme activity. In this respect, Sabu et al. 

(2005b) reported also that tannase activity of A. niger 

ATCC16620 was maximal at 10 mM methylgallate. Further 

increase in substrate concentration was found to reduce 

enzyme activity.  

     Concerning the effect of gallic acid on tannase activity of A. 

niger AUMC 4301, it was shown that the enzyme was 

competitively inhibited by gallic acid. Similarly, gallic acid 

was found by Farias et al. (1994) to be an effective 

competitive inhibitor of C. parasitica tannase. 

    The effect of EDTA known as a metal chelating agent, on 

activity of A niger AUMC 4301 tannase was tested to find out 

whether this enzyme is a metalloenzyme or not. Results 

obtained revealed that the enzyme activity was not affected by 

EDTA; this is supported by the finding that the enzyme didn’t 

show any metal ion requirement. In contrast, Fe
+2

, Mn
+2

, Cu
+2

, 

Zn
+2

 and Ca
+2

 inhibited the enzyme activity in a decreasing 

order. Moreover, each of Co
+2 

and Mg
+2

 caused about 14% 

decrease in enzyme activity. Tannase of the experimental 

organism resembles those from Candida sp. (Aoki et al., 1976) 

and A. niger MTCC 2425 (Bhardwaj et al., 2003) in being not 

affected by EDTA. On the other hand, EDTA was reported to 

be an inhibitor of tannase activity of A. awamori Nakazawa 

(Mahapatra et al., 2005), and P. variotii (Battestin and 

Macedo, 2007b). 

     As regards the effect of metal ions on A. niger AUMC 4301 

tannase, our results agree in some respects with those recorded 

for other microorganisms. Thus, Mukherjee and Banerjee 

(2006) showed that Mg
+2

 was the only stimulator of tannase 

activity of R. oyzae and A. foetidus. The other metal ions Zn
+2

, 
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Mn
+2

, Cu
+2

 and Ca
+2

 reduced the enzyme activity. Sabu et al. 

(2005b) demonstrated the inhibitory effect of Zn
+2

, Cu
+2

, Fe
+2

, 

Mg
+2

 and Ca
+2

 on the activity of A. niger ATCC 16620 

tannase. As stated by Kasieczka-Burnecka et al. (2007) the 

two extracellular tannases of Verticillium sp. P9 were activated 

by Mg
+2

 and inhibited by other metal ions (Zn
+2

, Cu
+2

, Mn
+2

 

and Co
+2

). Marco et al. (2009) found that the metal ions Cu
+2

 

and Zn
+2

 caused mild inhibitory effect on activity of A. niger 

GHI tannase, whereas Co
+2 

enhanced enzyme activity. 

Additionally Srivastava and Kar (2009) reported that activity 

of tannase produced by A. niger ITCC 6514.07 was inhibited 

by Zn
+2

, Ca
+2

, Mn
+2

, and Mg
+2

. On the other hand, Chhokar et 

al. (2009) reported that the metal ions Mg
+2

, Mn
+2

 and Ca
+2

 

stimulated tannase activity of A. awamori MTCC9299, while 

Cu
+2

 and Co
+2

 acted as inhibitors of the enzyme. It is worthy to 

mention that none of the tested metal ions (Zn
+2

, Cu
+2

, Ca
+2

,
 

Mg
+2

 and Co
+2

) influenced the tannase activity of Candida sp. 

(Aoki et al., 1976). 

 

      Another concern of this thesis is to study ionizing radiation 

which means 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 
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dose range. The calculated D10 value was 0.81 indicating that 

A. niger AUMC 4301 strain is moderately radio resistant. 

Moreover, other factors may involve in the sensitivity or 

tolerance of fungi to gamma rays.  Sommer et al. (1964) 

mentioned that multicellular and bicellular spores are more 

tolerant to gamma radiation than the unicellular spores. Thus, 

this may be the reason that the unicellular spores of 

Colletotrichum musae was more sensitive to gamma radiation 

than the multicellular spores of Fusarium spp. and 

Lasiodiplodia theobromea. 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. Aziz (1982) revealed that an irradiation dose 

of 5 kGy was enough to kill all fungal microflora 

contaminating poultry diets. 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. Berk (1952) 

demonstrated that the radiation effect on fungal spores was 

mainly on the fungal germination where some spores failed to 

germinate completely, while others possessed abnormal 

swollen germ tubes that stop growth and die without forming a 

colony.  

    

     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, 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 
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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). 

 

    Dale (1942) was the first to postulate that enzyme molecules 

are not directly affected by the ionizing radiation, but 

indirectly through collision with a labile product resulting from 

the ionization of water. Ionizing radiation may act on the 

protein moiety of the enzyme or on its prosthetic group, when 

acting on the protein moiety they may destroy selectively 

certain groups in the side chain of the molecules that are 

essential for enzymatic activity or they may act by breaking 

hydrogen bonds leading to denaturation or precipitation. When 

ionizing radiation acts on solutes dissolved in water these may 

result in a number of oxidation by the products of ionization of 

water, such as oxidation of sulfhydryl groups, among the 

enzymes that requires their presence for activity. It is, 

therefore, reasonable to assume that these enzymes may be 

preferentially inhibited by irradiation through oxidation of 

their sulfhydryl groups to the disulfide. This inhibition would 

be reversible; if the irradiation dose was increased other groups 

in the protein might be attacked.   

       Maximum tannase productivity of A. niger AUMC 431 

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 (El-

Sherbeny, 1982 & Abou El-Khair, 1986). 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 (1 MCi for 10 min) 

enhanced virulence of Aspergillus niger by producing more 
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polygalacturonase, cellulase and protease, while the higher 

doses (1 MCi for 20 min and 30 min) 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 

(10min), but at higher doses (20 and 30 min), production was 

significantly reduced. 

     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. Thus, it indicates that 

the fungus showed moderate 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) 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 & 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. Swallow (1977) reported that 

the sulphur amino acids such as cyteine, cystine and 

methionine may act as free radical scavengers, thus 

ameliorating the degradative effects of the other amino acid 

components of protein. 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 
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scavenging free radicals making the bacterial strain bear the 

induction of radiation resistance.  

 

     Gallic acid is considered as an important product. It 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. So, this part of the thesis is dealing with 

the production of gallic acid from low cost agricultural wastes 

using A. niger AUMC 4301. Seven agricultural wastes rich in 

gallotannin content namely; apple bagasse, green tea waste, 

mango seed kernel, olive mill, palm kernel cake, peat moss and 

tamarind were investigated. From the results obtained it is 

clear that all the agricultural wastes tested contained gallotanin 

but with different degrees starting with apple bagasse which 

had the highest gallotannin concentration followed by green 

tea waste. Some of these wastes also contained free gallic acid. 

Regerat et al. (1989) reported a 40.5% yield of gallic acid 

from gall nuts by A. niger after 24 h incubation. The 

incubation period is very important as it decides the economics 

of a plant (Misro et al., 1997). Das-Mohapatra et al. (2006) 

determined the tannin content of the bark of some commonly 

available plants and found that among the eight plant species 

tested maximum amount of tannin was observed in the extract 

of the bark of Acacia auriculformis. The results also revealed 

that A. niger AUMC 4301 was able to utilize gallotanin 

present in all wastes used 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 by 

many authors. Mahadevan and Sivaswamy (1985) explained 

the decrease in gallic acid by the ability of A. niger to degrade 
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gallic acid itself and intermediates of this degradation could be 

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 the by a decrease. 

    

      Investigating the formation of gallic acid by the action of 

crude tannase of A. niger AUMC 4301, it was shown that 

maximum formation of gallic acid from all wastes tested was 

achieved after 18 h incubation followed by a decrease 

thereafter. Green tea waste followed by apple bagasse gave the 

highest amount of gallic acid. 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.        
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Summary 

       Studies included in this thesis aimed to screen some 

filamentous fungi isolated from infected fruits and soil 

rhizosphere for their ability to synthesize tannase and 

identification of these isolates. Optimization of environmental 

conditions required for enzyme production by the most potent 

fungal isolate and studying some biochemical properties of the 

crude enzyme were also investigated. 

      Additionally, studies extended to demonstrate the effect of 

gamma radiation on tannase formation by the selected fungus.       

      Finally, attempts had been made for production of gallic 

acid from different local agricultural wastes by two ways one 

of them by A. niger AUMC 4301 and the other by direct action 

of crude extracellular tannase. 

     The existence of tannase, which catalyzes the hydrolysis of 

tannic acid into glucose and gallic acid, in some fungal isolates 

that were able to utilize tannic acid as a sole source of carbon 

and energy was demonstrated. Data obtained revealed that 

50% of fungal isolates tested produced tannase, but in variable 

levels. A. niger AUMC 4301 which was the most potent 

producer of tannase was chosen for the study throughout this 

thesis. 

      Results obtained revealed that tannase synthesis by A. 

niger AUMC 4301 grown under SSF conditions was much 

higher than that observed with cultures grown under static or 

shaking conditions. 

      Maximal enzyme formation was obtained at the fifth day of 

growth then the enzyme level decreased. 

     The organism was able to grow and produce tannase over a 

relatively broad range of incubation temperatures. Maximal 

enzyme formation took place at 30°C. 

      None of the investigated carbon sources induced enzyme 

production by A. niger AUMC 4301 over that of tannic acid 

grown cultures. Glucose resulted in about 34% repression in 
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enzyme synthesis, whereas mannitol completely suppressed it. 

Furthermore, enzyme formation was greatly repressed by each 

of xylose, fructose, sucrose, starch and glycerol. 

      Data obtained showed that the optimum concentration of 

tannic acid for production of A. niger AUMC 4301 tannase 

was 3%. Higher concentrations of tannic acid reduced the 

amount of the formed enzyme, and the repressing effect was 

increased as its concentration in the growth medium was 

increased. 

      Concerning the effect of different nitrogen sources on 

tannase synthesis, it was found that the highest level of 

enzyme was obtained with ammonium nitrate. Enzyme 

formation was decreased when L- alanine, L- cysteine, 

ammonium chloride, potassium nitrate or sodium nitrate 

replaced ammonium nitrate as a nitrogen source. Tannase 

production was greatly repressed by L-lysine, L-ornithine or L-

serine in comparison with the control cultures, whereas it was 

completely suppressed by ammonium sulfate. 

       It was shown that tannase formation by A. niger AUMC 

4301 was increased with increasing ammonium nitrate 

concentration in the growth medium, the optimal concentration 

was 0.2%. Higher concentrations of ammonium nitrate 

repressed enzyme synthesis and the level of repression as 

dependent on its concentration in the growth medium. 

       A study on the biochemical properties of extracellular 

tannse produced by A. niger AUMC 4301 was undertaken. 

       Maximum tannase activity was obtained after 30min 

incubation then the enzyme activity decreased gradually.  

      Tannase activity was optimal at pH 4.8. 

      Maximum enzyme activity was obtained at 60°C. 

However, exposing the enzyme to 60°C for 5min and 20min, 

in absence of substrate, resulted in about 23% and 55% loss of 

its activity, respectively. Additionally, when the enzyme was 

incubated at 70°C for 5 min, a total loss of activity occurred. 
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These results indicated that tannase of A. niger AUMC 4301 is 

thermolabile. 

      The relationship between enzyme activity and enzyme 

concentration indicated that the extent of catalytic action was 

directly proportional to the concentration of enzyme in 

question. 

      Investigating the effect of tannic acid concentration on the 

velocity of the reaction catalyzed by tannase of A. niger 

AUMC 4301 showed that the enzyme activity was increased 

with increasing concentrations of tannic acid up to 2.5mM. 

Further increase in tannic acid concentrations resulted in a 

significant decrease in enzyme activity. The apparent Km value 

of the enzyme for tannic acid was 2.5mM. 

      Gallic acid inhibited tannase activity competitively with a 

Ki of 1.35mM. 

      Tannase of A. niger AUMC 4301 was not inhibited by 

EDTA, suggesting that no metal ion cation is participating in 

enzyme catalysis. This is supported by the finding that none of 

the tested metal salts activated the enzyme. In contract, the 

enzyme activity was inhibited by Fe
+2

, Mn
+2

, Cu
+2

, Zn
+2

, Ca
+2

, 

Co
+2

, and Mg
+2

. 

      Studying the effect of increasing doses of gamma radiation 

on spores of A. niger AUMC 4301 showed that the viability of 

the spores was decreased gradually as the radiation dose was 

increased. The D10 value was found to be 0.81 kGy,        

indicating that A. niger AUMC 4301 was relatively radio 

resistant to gamma rays. 

      Investigating the effect of low doses of gamma radiation 

on tannase production by A. niger AUMC 4301 demonstrated 

that the highest rate of enzyme synthesis was obtained at 

radiation dose f 0.5 kGy. Further increase in radiation doses 

resulted in a gradual decline in enzyme formation. 

     Gamma rays at 0.5 kGy had almost no influence on the 

total amino acid profile of A. niger AUMC 4301 spores which 
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indicates that the effect of this dose was only in enhancement 

of the fungus to produce tannase.    

     Since gallic acid is an important compound having several 

industrial applications, so an experiment was conducted to 

investigate the utilization of some agricultural wastes as 

carbon sources instead of tannic acid for production of gallic 

acid by A. niger AUMC 4301. Results obtained revealed that 

the fungus was able to grow on all the agricultural wastes 

tested forming gallic acid, green tea waste and apple bagasse 

were the best wastes employed. The amount of gallic acid 

produced fluctuated as a result of its consumption by the 

fungus as a readily available carbon source instead of the 

complicated wastes. 

    To overcome the problem of consumption of gallic acid by 

the fungus, the wastes tested were incubated directly with the 

crude tannase of A. niger AUMC 4301 for different time 

intervals (3- 42h). It is evident from the results that gallic acid 

was formed from all tested wastes, but with variable levels. 

Green tea waste followed by apple bagasse formed the 

maximum amount of gallic acid after 18 h incubation with 

tannase of A. niger AUMC 4301.    
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 اىَيخص ثبىيغخ اىؼشثيخ

 اىشعبىخ ٕ٘ ػضه ثؼط  ٕزٓىقذ مبُ اىٖذف ٍِ اىذساعبد اىزٚ رعَْزٖب          

 ٗاخزجبس اداىفؽشيبد اىخيؽيخ ٍِ اىضَبس اىَصبثخ ٗاىزشثخ اىَؾيؽخ ثغزٗس اىْجبد

مَب اشزَيذ اىشعبىخ . ٗمزىل رؼشيف ٕزٓ اىؼضالد, قذسرٖب ػيٚ رخييق إّضيٌ اىزبّييض

ػيٚ دساعٔ ىزؾذيذ اىظشٗف اىجيئيخ اىَضيٚ إلّزبط االّضيٌ ث٘اعؽخ أمضش اىؼضالد 

. ٗمزىل دساعخ ثؼط اىخصبئص اىجي٘ميَيبئيخ ىإلّضيٌ اىخبً, مفبءح

ّضيٌ اىزبّييض إ أيعب ىزشَو رأصيش أشؼخ عبٍب ػيٚ رن٘يِ  ٗاٍزذد اىذساعخ       

 .ث٘اعؽخ اىفؽشح اىَخزبسح

ّزبط ؽَط اىغبىيل ٍِ ٍخيفبد صساػيخ ٍؾييخ ٍخزيفخ إ ٗمزىل ٍؾبٗىخ      

 Aspergillus niger AUMC 4301ؽذإَب ث٘اعؽخ فؽشحإثؽشيقزيِ 

 .ّضيٌ اىزبّييض اىخبً ٍجبششًح إٗاالخشٙ ثبعزخذاً 

اىزٙ يؾفض اىزؾيو اىَبئٚ ىؾَط اىزبّيل , ّضيٌ اىزبّييضإعشٙ اخزجبس ى٘ع٘د ُأ        

فٚ ثؼط اىؼضالد اىفؽشيخ اىزٚ اٍنْٖب اعزخذاً , ىٚ عي٘م٘ص ٗؽَط اىغبىيلإ

 ٠ُ ؽ٘اىٚ أٗقذ اٗظؾذ اىْزبئظ . ؽَط اىزبّيل مَصذس ٗؽيذ ىينشثُ٘ ٗاىؽبقخ

ٗمبّذ فؽشح .  ٍِ اىفؽشيبد اىَخزجشح قذ اّزغذ اإلّضيٌ ٗىنِ ثنَيبد ٍزفبٗرخ٪ ٥

Aspergillus niger AUMC 4301  ٗىزىل رٌ , ّزبط اإلّضيٌإح فٚ ءمضشٕب مفبأ

 .اخزيبسٕب ىيذساعخ فٚ ٕزٓ اىشعبىخ

 ّضيٌ اىزبّييض ث٘اعؽخ فؽشحإُ ٍؼذه رخييق أثشْٕذ اىْزبئظ ػيٚ         

niger AUMC 4301 Aspergillus  ُاىََْبح رؾذ ظشٗف رخَش صيجخ مب

 .ٗ اىَٖزضحأػيٚ ثنضيش ٍَب رٌ اىؾص٘ه ػيئ رؾذ ظشٗف اىَضاسع اىغبمْخ أ

صٌ , ػيٚ مَيخ ىإلّضيٌ قذ رٌ اىؾص٘ه ػييٖب فٚ اىيً٘ اىخبٍظ ىيَْ٘أُ أٗعذ ُ       

 .ّقصذ مَيخ اإلّضيٌ ثؼذ رىل

 قذسح ػيٚ Aspergillus niger AUMC 4301ُ ىفؽشح أصزذ اىذساعخ أ      

قصٚ ٍؼذه أٗمبُ , ّزبط اإلّضيٌ فٚ ٍذٙ ٗاعغ ّغجيًب ٍِ دسعبد اىؾشاسحإاىَْ٘ ٗ

 .ً°٣٠ىزن٘يِ اإلّضيٌ ػْذ دسعخ ؽشاسح 

ٙ ٍِ ٍصبدس اىنشثُ٘ اىَخزجشح ؽش فؽشح أ رجيِ ػذً اعزؽبػخ       

Aspergillus niger AUMC 4301 ّٚزبط اإلّضيٌ ثذسعخ أػيٚ ٍِ إ ػي

دٙ أثيَْب , ٪ ٣٤ػبقخ رخييق اإلّضيٌ ثؾ٘اىٚ إٗرغجت اىغي٘م٘ص فٚ . ؽَط اىزبّيل

ػيق ثذسعٔ مجيشح ثنو ٍِ أُ رن٘يِ اإلّضيٌ قذُ أمَب . ػبقٔ ربٍٔإىٚ إاىَبّيز٘ه 

 .اىْشب ٗاىغييغشٗه, اىغنشٗص, اىفشمز٘ص, اىضيي٘ص

ّضيٌ اىزبّييض ث٘اعؽخ إُ رشميض ؽَط اىزبّيل األٍضو إلّزبط أٗظؾذ اىْزبئظ أ       

ٕزا ٗقذ رغجت اىزشميض . ٪ ٣ ٕ٘ Aspergillus niger AUMC 4301فؽشح 

ػبقخ فٚ رن٘يِ اإلّضيٌ ٗأُ ّغجخ اإلػبقخ قذ إاألػيٚ ٍِ ؽَط اىزبّيل فٚ ؽذٗس 

 .اصدادد ثضيبدح رشميضٓ فٚ ثيئخ اىَْ٘
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فقذ رٌ ,  ٗفيَب يزؼيق ثزأصيش اىَصبدس اىْيزشٗعيْيخ اىَخزيفٔ ػيٚ رخييق اإلّضيٌ      

ٕزا ٗقذ أدٙ . اىؾص٘ه ػيٚ أػيٚ مَيخ ٍِ اإلّضيٌ ثبعزخذاً ّزشاد األٍّ٘يً٘

, مي٘سيذ األٍّ٘يً٘, عيغزيِ- ه, أالّيِ- اعزجذاىٖب مَصذس ّيزشٗعيْٚ ثنو ٍِ ه

. ىٚ ؽذٗس ّقص فٚ ٍؼذه رن٘يِ اإلّضيٌإّزشاد اىج٘ربعيً٘ ّٗزشاد اىص٘ديً٘ 

- ه, اٗسّيضيِ- ه, ىيغيِ- ػيق ثذسعخ مجيشح ثنو ٍِ هأّزبط اإلّضيٌ قذُ إمَب أُ 

 .ػبقخ ربٍخإأٍب مجشيزبد األٍّ٘يً٘ فقذ ّزظ ػْٖب , عيشيِ

 Aspergillus nigerّضيٌ اىزبّييض ث٘اعؽخ فؽشح إارعؼ أُ رن٘يِ       

AUMC 4301َْ٘ٗمبُ ,   قذ اصداد ثضيبدح رشميض ّزشاد األٍّ٘يً٘ فٚ ثيئخ اى

, ػبقخ رخييق اإلّضيٌإىٚ إٗقذ أدد اىزشميضاد األػيٚ . ٪٠٫٢اىزشميض األٍضو ٕ٘

 .ٗمبُ ٍذٙ اإلػبقخ ٍؼزَذًا ػيٚ رشميض ّزشاد األٍّ٘يً٘ فٚ ثيئخ اىَْ٘

عشيذ دساعخ ىجؼط اىخصبئص اىجي٘ميَيبئيخ إلّضيٌ اىزبّييض اىخبسعٚ أمَبُ       

 .Aspergillus niger AUMC 4301اىَْزظ ث٘اعؽخ فؽشح 

صٌ ,  دقيقخ ٍِ اىزؾعي٣ِ ٠رٌ اىؾص٘ه ػيٚ أػيٚ ّشبغ إلّضيٌ اىزبّييض ثؼذ       

 .ؽذس رْبقص رذسيغٚ فٚ دسعخ ّشبغ اإلّضيٌ ثضيبدح صٍِ اىزفبػو

 . ٕ٘ األٍضو ىْشبغ اإلّضي٤٫٨ٌ       مبُ اآلط االيذسٗعيْٚ 

مَب أدٙ . ً°٦٠رٌ اىؾص٘ه ػيٚ أػيٚ ّشبغ ىإلّضيٌ ػْذ دسعخ ؽشاسح        

فٚ غيبة ٍبدح ,  دقيقخ٢٠,  دقبئق٥ً ىَذح °٦٠رؼشيط اإلّضيٌ ىذسعخ ؽشاسح 

مَب رجيِ فقذ .  ٍِ ّشبؼٔ ػيٚ اىز٘اىٚ٪ ٥٥, ٪ ٢٣ىٚ فقذٓ ىؾ٘اىٚ إ, اىزفبػو

ٍَب يذه ,  دقبئق٥ً ىَذح °٧٠اإلّضيٌ ىْشبؼٔ رَبٍب ػْذ رؼشيعٔ ىذسعخ ؽشاسح 

 غيش صبثذ Aspergillus niger AUMC 4301ّضيٌ اىزبّييض ىفؽشح إػيٚ أُ 

 .ؽشاسيب

أصجزذ دساعخ اىؼالقخ ثيِ دسعخ ّشبغ اإلّضيٌ ٗدسعخ رشميضٓ أُ قذسح اإلّضيٌ        

 .مؼبٍو ٍغبػذ رزْبعت ؼشديب ٍغ مَيزٔ اىَغزخذٍٔ

 ٗثذساعخ رأصيش رشميض ؽَط اىزبّيل ػيٚ عشػخ اىزفبػو اىَؾفض ث٘اعؽخ       

 ٢٫٥ّضيٌ اىزبّييض رجيِ أُ ّشبغ اإلّضيٌ قذ اصداد ثضيبدح رشميض ؽَط اىزبّيل ؽزٚ إ

 .ٍيييَ٘الس

 ثشْٕذ اىْزبئظ ػيٚ أُ ؽَط اىغبىيل قذ أؽذس رضجيؽب رْبفغيب ىإلّضيٌ ٗمبُ       

 . ٍيييَ٘الس١٫٣٥ ٍغبٗيب Kiصبثذ اىزضجيػ 

 ىيظ  ىٖب رأصيش ) ( EDTA ارعؼ أُ ٍبدح ساثغ خالد صْبئٚ اٍيِ اإليضييي        

ىٚ ػذً ٍشبسمخ أيُ٘ ٍؼذّٚ فٚ اىْشبغ إٍضجػ ػيٚ ّشبغ اإلّضيٌ ٕٗزا يشيش 

ٍَٗب يذػٌ ٕزا اإلعزْزبط أُ أيب ٍِ األٍالػ اىَؼذّيخ اىَخزجشح ىٌ . اىؾفضٙ ىإلّضيٌ

ٗػيٚ اىْقيط ٍِ رىل فقذ رٌ رضجيػ ّشبغ اإلّضيٌ . ىٚ صيبدح ّشبغ اإلّضيٌإيؤد 

Feثأيّ٘بد مو ٍِ 
+2

, Mn
+2

, Cu
+2

, .Zn
+2

, Ca
+2

, Co
+2

, Mg
+2

                 

 ٗثذساعخ رأصيشاىغشػبد اىَزضايذح ٍِ أشؼخ عبٍب ػيٚ عشاصيٌ فؽشح       

Aspergillus niger AUMC 4301 ارعؼ أُ قذسح اىغشاصيٌ ػيٚ اىَْ٘ قذ  
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 ٠٫٨١ ٍغبٗئ ) D10)ٗمبّذ قيَخ  .  اّخفعذ رذسيغيًب ثضيبدح عشػبد األشؼخ

 . ميي٘ عشاٙ 

        ٗثزؼشيط اىَؾبىيو اىغشصٍ٘يخ ىيفؽشح ىغشػبد ٍْخفعخ ٍِ أشؼخ عبٍب 

ّضيٌ اىزبّييض قذ رٌ اىؾص٘ه ػيئ ػْذ عشػٔ ٍقذاسٕب ٳرجيِ أُ أقصٚ ٍؼذه ىزخييق 

ىٚ ؽذٗس ّقص رذسيغٚ فٚ ٳٗقذ أدد صيبدح عشػبد األشؼخ .  ميي٘عشا٠٫٥ٙ

 . ٍؼذه رن٘يِ اٳلّضيٌ

       رَذ ٍؼشفخ ٗرقذيش رشميض األؽَبض األٍيْيخ ىغشاصيٌ اىفؽشح ث٘اعؽخ عٖبص 

ٗارعؼ  أّٖب ىٌ رزأصش رقشيجًب ,  األٍيْ٘ أعيذ أّبىيضس قجو ٗثؼذ اىزؼشض ألشؼخ عبٍب

 ميي٘عشاٙ ٍَب يذه أُ ريل اىغشػخ قذ رغججذ فقػ فٚ ٠٫٥ثبىغشػخ اإلشؼبػيخ 

 .رؾفيض اىفؽشح ٳلّزبط اٳلّضيٌ

       ٗؽيش أّٔ ٍِ اىَؼشٗف أُ ؽَط اىغبىيل ػجبسح ػِ ٍشمت ٕبً ىٔ رؽجيقبد 

ٍنبّيخ اعزخذاً ثؼط اىَخيفبد ٳفقذ رٌ رصَيٌ رغشثخ الخزجبس , صْبػيخ ػذيذح

اىضساػيخ مَصبدس مشثّ٘ئ ثذال ٍِ ؽَط اىزبّيل ٳلّزبط ؽَط اىغبىيل ث٘اعؽخ 

ٗثشْٕذ اىْزبئظ اىزٚ رٌ اىؾص٘ه . Aspergillus niger AUMC 4301 فؽشح

ػييٖب ػيٚ أُ اىفؽشح قذ أٍنْٖب اىَْ٘ ػيٚ عَيغ اىَخيفبد اىضساػيخ اىَخزجشح 

. ٗمبُ ٍخيفٚ اىشبٙ األخعش ٗ اىزفبػ أفعو ٕزٓ اىَخيفبد. ٍُنّ٘خ ؽَط اىغبىيل

ٕزا ٗقذ رزثزة ٍغز٘ٙ اىنَيبد اىَزنّ٘ٔ ٍِ ؽَط اىغبىيل ػيٚ ٍذٙ اىفزشاد 

اىضٍْيخ اىَخزيفٔ ٗرٌ رفغيش رىل ثأّٔ ّزيغخ اعزٖالك اىفؽشح ىٔ مَصذس مشثّ٘ٚ 

 .ٍيغش ثذال ٍِ اىَخيفبد ٍؼقذح اىزشميت

ٗىيزغيت ػيٚ ٍشنيخ اعزٖالك ؽَط اىغبىيل ث٘اعؽخ اىفؽشح رٌ رؾعيِ اىَخيفبد 

 Aspergillus niger AUMC 4301ّضيٌ اىزبّييض اىخبً ىفؽشح ٳاىَخزجشح ٍغ 

ٗأصجزذ اىْزبئظ أُ ؽَط اىغبىيل قذ رنُ٘ . (عبػخ٤٢- ٣)ىفزشاد صٍْيخ ٍخزيفخ 

ٗرٌ اىؾص٘ه . فٚ ٍخبىيػ اىزفبػو ىغَيغ اىَخيفبد اىَخزجشح ٗىنِ ثنَيبد ٍزفبٗرخ

 ّضيٌ اىزبّييض ىفؽشح إػيٚ أػيٚ مَيخ ٍِ ؽَط اىغبىيل ػْذ رؾعيِ 

  Aspergillus niger AUMC 4301 عبػخ ٍغ مو ٍِ ٍخيفٚ اىشبٙ ١٨ ىَذح

 .   األخعش ٗ اىزفبػ

 

 

  

 

 



 

       جبٍؼخ االشٕس  

   (فسع اىجْبد)   مييخ اىؼيً٘ 

 قسٌ اىْجبد ٗ اىَينسٗثي٘ى٘جٚ

 

     

فطسيبد اه  ثؼضدزاسبد ػِ تأحيس اىظسٗف اىجيئيخ ٗأشؼخ جبٍب ػيٚ قدزح

  اٳلّصيٌ اىَحيو ىحَض اىتبّيلّتبج ٳل ىيْجبدٍَسضخاه

 
 سسبىخ ٍقذٍٔ ٍِ

 غديس اىدس٘قٚ اىسيد ديغٌ
(فسع اىجْبد)جبٍؼخ االشٕس - مييخ اىؼيً٘-(٢٠٠٤)خبص - ثنبى٘زي٘ض فٚ اىَينسٗثي٘ى٘جٚ  

 

 مَتطيت جصئٚ ىيحص٘ه ػيٚ 
قسٌ اىْجبد ٗ اىَينشٗثي٘ى٘جٚدسجخ اىَبجيسزيش فٚ اىَينشٗثي٘ى٘جٚ   

سـجبٍعخ االصٓ مييخ اىعيً٘  

 

 ىجْخ االشساف

  اىسحَِ اىؼ٘اٍسٙ شيْت ػجد.د.أ
زـجبٍؼخ األشٓ-   ىيجْبديخ اىؼيً٘ه ك-قسٌ اىْجبد ٗاىَينسٗثي٘ى٘جٚ- ى٘جٚاستبذ اىَينسٗثي٘  

 

ٍحيٚ اىديِ شٕيس اىف٘ىٚ. د.أ  
ٕيئخ اىطبقخ اىرزيخ -اىَسمص اىقٍ٘ٚ ىجح٘ث ٗتنْ٘ى٘جيب االشؼبع- استبذ اىَينسٗثي٘ى٘جٚ  

          

ثد اىفتبح ٍحَد شبٕيِـشح عـع.د.أ  
          ٕيئخ اىطبقخ اىرزيخ - اىَسمص اىقٍ٘ٚ ىجح٘ث ٗتنْ٘ى٘جيب االشؼبع-استبذ اىَينسٗثي٘ى٘جٚ

 

 اثتسبً ّؼيٌ حسيْٚ. ً.د.أ
 زـجبٍؼخ األشٓ-   ىيجْبديخ اىؼيً٘ه ك-قسٌ اىْجبد ٗاىَينسٗثي٘ى٘جٚ-   اىَسبػدى٘جٚاىَينسٗثي٘ استبذ

    

 

٢٠١١ً   

 



 
    جبٍؼخ االشٕس

(فسع اىجْبد)مييخ اىؼيً٘   

 قسٌ اىْجبد ٗ اىَينسٗثي٘ى٘جٚ

 

 

فطسيبد اه  ثؼضدزاسبد ػِ تأحيس اىظسٗف اىجيئيخ ٗأشؼخ جبٍب ػيٚ قدزح

  اٳلّصيٌ اىَحيو ىحَض اىتبّيلّتبج ٳل ىيْجبدٍَسضخاه

 

 

 
 زسبىخ ٍقدٍخ

مييخ اىعيً٘ جبٍعخ األصٕـش مَزطيت جضئٚ,  ىقسٌ اىْجبد ٗ اىَينشٗثي٘ى٘جٚ  

 ىيحص٘ه عيٚ دسجخ اىَبجيسزيش فٚ اىَينشٗثي٘ى٘جٚ 

 

 

 

ٍِ 

 

 غديس اىدس٘قٚ اىسيد ديغٌ
(٢٠٠٤)جبٍؼخ االشٕـس - مييخ اىؼيً٘- خبص- ثنبى٘زي٘ض فٚ اىَينسٗثي٘ى٘جٚ  

 

 

 

 
٢٠١١ 

 

 

 

 

 

 

 



فسع جبٍؼٔ االشٕس ىيجْبد 

 اىؼيً٘ ح        ميي

اىدزاسبد اىؼييب قسٌ     

 

خطخ اىجحج 
غذيش اىذس٘قٚ اىسيذ ديغٌ : االسٌ ٍِ ٗاقغ شٖبدح اىَيالد

ٍزضٗجٔ   :اىحبىٔ االجتَبػئ

 ٕيئخ اىطبقخ اىزسيخ- اىَشمض اىقٍ٘ٚ ىجح٘س ٗ رنْ٘ى٘جيب اإلشعبع : ػْ٘اُ اىؼَو

 0121303024  -  24098587 : تييفُ٘

اىحٚ اىعبشش ٍذيْخ ّصش  : ٍحو االقبٍٔ

اىَبجسزيش  : اىدزجٔ اىَطي٘ة اىحص٘ه ػييٖب

 ٢٠٠٤جبٍعٔ االصٕش  (ٍينشٗثي٘ى٘جٚ )ثنبى٘سي٘ط اىعيً٘ : اىَؤٕو ٗدزجخ اىحص٘ه ػيئ ٗجٖتٔ

 ٍشرجخ اىششف -اٍزيبص

 ػْ٘اُ اىجحج ثبىيغخ اىؼسثيخ

دساسبد عِ رأثيشاىظشٗف اىجيئيخ ٗأشعخ جبٍب عيٚ قذسح ثعط اىفطشيبد اىََشظخ  "

"  ىحَط اىزبّيلإلّضيٌ اىَحيواىيْجبد ٳلّزبج 
ػْ٘اُ اىجحج ثبىيغخ االّجييصيخ 

"Studies on the effect of environmental conditions and gamma rays on the 

capability of certain plant pathogenic fungi to produce the enzyme degrading 

tannic acid”                                                           

خطخ اىجحج 

. اىخعش ٗاىحج٘ة,عضه ٗرْقيخ ٗرعشيف اىفطشيبد اىََشظخ ىيْجبد ٍِ اىفبمٖخ  -١

 .اىفطشيبد اىََشظخ ىيْجبد عضه االّضيَبد اىَحييخ ىجذاس ٗأّسجخ اىْجبد اىَْزجخ ث٘اسطخ -٢

. رأثيش اىظشٗف اىجيئيخ اىَخزيفخ عيٚ اّزبج ثعط االّضيَبد  اىَحييخ ىجذاس ٗاّسجخ  اىْجبد -٣

رأثيش اىظشٗف اىجيئيخ اىَخزيفخ عيٚ  ّشبغ  االّضيَبد اىَحييخ ٗ اىَْزجخ ث٘اسطخ اىفطشيبد - ٤

. اىََشظخ

. رأثيش اىجشعبد اىَخزيفخ ٍِ اشعخ جبٍب  عيٚ اّزبج االّضيَبد اىَخزبسح اىَحييخ -٥

 تأثير اشعت جاما  على البروتين الكلى واالحماض النوويت للفطرياث المختارة الممرضت للنباث -٦

. اىجشٗفيو اىنيٚ ىالحَبض اىْ٘ٗيخ ىيفطشيبد اىَخزبسح قجو ٗثعذ االشعبع -٧

 اىت٘قيغ                                  اى٘ظيفخ                                                      اىَشسفُ٘
                  اسزبر اىَينشٗثي٘ى٘جٚ                       شيْت ػجد اىسحَِ اىؼ٘اٍسٙ.د.أ

ثْبد جبٍعخ االصٕش ىويخ اىعيً٘ ه                                                      ك

                       اسزبر اىَينشٗثي٘ى٘جٚ ٍحيٚ اىديِ شٕيس اىف٘ىٚ. د.أ

                                            اىَشمض اىقٍ٘ٚ ىجح٘س ٗرنْ٘ى٘جيب االشعبع           

                 اسزبر اىَينشٗثي٘ى٘جٚ ػصح ػجد اىفتبح ٍحَد شبٕيِ. د.أ

                                              اىَشمض اىقٍ٘ٚ ىجح٘س ٗرنْ٘ى٘جيب االشعبع

  اىَسبعذ  ى٘جٚاىَينشٗثي٘  اسزبر                           اثتسبً ّؼيٌ حسيْٚ. د

جبٍعخ االصٕش  ىيجْبديخ اىعيً٘هك                                                        

  

                                                                ػَيدح اىنييخ          زئيسخ اىقسٌ      



 
    جبٍؼخ االشٕس

(فسع اىجْبد)مييخ اىؼيً٘   

 قسٌ اىْجبد ٗ اىَينسٗثي٘ى٘جٚ

يس صال حيختقس

 ىيحص٘ه عيٚ دسجخ اىَبجيسزيش ثعْ٘اُ   ديغٌ اىشسبىخ اىَقذٍخ ٍِ غذيش اىذس٘قٚ اىسيذ

دزاسبد ػِ تأحيس اىظسٗف اىجيئيخ ٗأشؼخ جبٍب ػيٚ قدزح ثؼض اىفطسيبد اىََسضخ ˝

 مبُ اىٖذف ٍِ اىذساسبد اىزٚ ٗ˝. ىيْجبد ػيٚ إّتبج االّصيٌ اىَحيو ىحَض اىتبّيل

رعَْزٖب ٕزٓ اىشسبىخ ٕ٘ عضه ثعط اىفطشيبد اىخيطيخ ٍِ اىثَبس اىَصبثخ ٗاىزشثخ 

ٗمزىل رعشيف ٕزٓ , اىَحيطخ ثجزٗس اىْجبربد ٗاخزجبس قذسرٖب عيٚ رخييق إّضيٌ اىزبّييض

مَب اشزَيذ اىشسبىخ عيٚ دساسٔ ىزحذيذ اىظشٗف اىجيئيخ اىَثيٚ إلّزبج االّضيٌ . اىعضالد

ٗمزىل دساسخ ثعط اىخصبئص اىجي٘ميَيبئيخ ىإلّضيٌ , ث٘اسطخ أمثش اىعضالد مفبءح

ٗاٍزذد اىذساسخ أيعب ىزشَو رأثيش أشعخ جبٍب عيٚ رن٘يِ إّضيٌ اىزبّييض ث٘اسطخ . اىخبً

ٗمزىل ٍحبٗىخ إّزبج حَط اىجبىيل ٍِ ٍخيفبد صساعيخ ٍحييخ ٍخزيفخ . اىفطشح اىَخزبسح

 ٗاالخشٙ Aspergillus niger AUMC 4301ثطشيقزيِ إحذإَب ث٘اسطخ فطشح

 .  ٗاىشسبىخ رَذ ٗصبىحٔ ىيعشض ٗاىَْبقشٔ.ثبسزخذاً إّضيٌ اىزبّييض اىخبً ٍجبششًح 
 

 

  اىت٘قيغ                                                           ىجْخ االشساف

 

                            ........................... اىشحَِ اىع٘اٍشٙ صيْت عجذ.د.أ
 

...........................                                ٍحيٚ اىذيِ صٕيش اىف٘ىٚ. د.أ  
          

        ...........................                           عضح عجذ اىفزبح ٍحَذ شبٕيِ. د.أ
 

...........................        اثزسبً ّعيٌ حسيْٚ                                         . د  
 

 
     

 

 

 

 

 



 

 
    جبٍؼخ االشٕس

(فسع ثْبد)مييخ اىؼيً٘   

 قسٌ اىْجبد ٗ اىَينسٗثي٘ى٘جٚ

 
يس صال حيختقس

اىشسبىخ اىَقذٍخ ٍِ غذيش اىذس٘قٚ اىسيذ ديغٌ ىيحص٘ه عيٚ دسجخ اىَبجيسزيش ثعْ٘اُ 

دزاسبد ػِ تأحيس اىظسٗف اىجيئيخ ٗأشؼخ جبٍب ػيٚ قدزح ثؼض اىفطسيبد اىََسضخ ˝

 مبُ اىٖذف ٍِ اىذساسبد اىزٚ ٗ ˝.ىيْجبد ػيٚ إّتبج االّصيٌ اىَحيو ىحَض اىتبّيل

رعَْزٖب ٕزٓ اىشسبىخ ٕ٘ عضه ثعط اىفطشيبد اىخيطيخ ٍِ اىثَبس اىَصبثخ ٗاىزشثخ 

ٗمزىل رعشيف ٕزٓ , اىَحيطخ ثجزٗس اىْجبربد ٗاخزجبس قذسرٖب عيٚ رخييق إّضيٌ اىزبّييض

مَب اشزَيذ اىشسبىخ عيٚ دساسٔ ىزحذيذ اىظشٗف اىجيئيخ اىَثيٚ إلّزبج االّضيٌ . اىعضالد

ٗمزىل دساسخ ثعط اىخصبئص اىجي٘ميَيبئيخ ىإلّضيٌ , ث٘اسطخ أمثش اىعضالد مفبءح

ٗاٍزذد اىذساسخ أيعب ىزشَو رأثيش أشعخ جبٍب عيٚ رن٘يِ إّضيٌ اىزبّييض ث٘اسطخ . اىخبً

ٗمزىل ٍحبٗىخ إّزبج حَط اىجبىيل ٍِ ٍخيفبد صساعيخ ٍحييخ ٍخزيفخ . اىفطشح اىَخزبسح

 ٗاالخشٙ Aspergillus niger AUMC 4301ثطشيقزيِ إحذإَب ث٘اسطخ فطشح

 .  ٗاىشسبىخ رَذ ٗصبىحٔ ىيعشض ٗاىَْبقشٔ.ثبسزخذاً إّضيٌ اىزبّييض اىخبً ٍجبششًح 
 

 ىجْخ اىتحنيٌ
  اىت٘قيغ

قسٌ اىْجبد - ى٘جٚاستبذ اىَينسٗثي٘

جبٍؼخ االشٕس-   ىيجْبديخ اىؼيً٘ه ك-ٗاىَينسٗثي٘ى٘جٚ  

 

أحَد ٍحَد زجت.د.أ  

  اىت٘قيغ

 –يخ اىؼيً٘ ه ك-قسٌ اىْجبد - ى٘جٚاستبذ اىَينسٗثي٘

  أسي٘طجبٍؼخ

 

سَبػيوٳثسإيٌ ٳصجحٚ . د.أ  

   
   اىت٘قيغ

اىَسمص اىقٍ٘ٚ ىجح٘ث - استبذ اىَينسٗثي٘ى٘جٚ

ٕيئخ اىطبقخ اىرزيخ -ٗتنْ٘ى٘جيب االشؼبع  

 

ٕيساىف٘ىٚ شٍحيٚ اىديِ. د.أ  

 

 
  اىت٘قيغ

قسٌ اىْجبد - ى٘جٚاستبذ اىَينسٗثي٘

جبٍؼخ االشٕس-   ىيجْبديخ اىؼيً٘ه ك-ٗاىَينسٗثي٘ى٘جٚ  

 

  اىسحَِ اىؼ٘اٍسٙ شيْت ػجد.د.أ

    

                                                                ػَيدح اىنييخ          زئيسخ اىقسٌ      


