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ABSTRACT 

A study was conducted to reveal the biochemical changes 
occurring during the process of bioleaching by Aspergillus niger 
AB200 responsible for the solubilization  of silica and iron from the 
chromite ore. The organism was found to utilize 89.30% of the 
glucose supplied in the fermentation medium during the 
bioleaching process till the 9th day of fermentation. Initially 
glucose uptake was very rapid, but it decreased on 8th and 9th day. 
Glucose was utilized by the fungus, producing of some organic 
acids like Gluconic acid, Oxalic acid and Citric acid responsible for 
leaching. Bioleaching capacity of the organism was maximum on 
the 7th day of fermentation. But in case of nitrogen uptake by the 
organism, it was found that it increased upto the 9th day of 
fermentation and maximum nitrogen in the medium provided was 
incorporated into the cell as cell nitrogen. Only a small percentage 
of Ammoniacal and Amino nitrogen was formed during the entire 
fermentation period. 
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INTRODUCTION 

Bioleaching of silica and iron from chromite ore upgrades the ore and at the same time make 

the ore suitable for the required specification of chromite for its use in metallurgy and 

refractory purposes. Aspergillus niger utilizes the different nutrients supplied in the 

fermentation medium during the fermentation and produces the organic acids necessary for 

bioleaching. Carbon and nitrogen are the main components responsible for growth, 

biochemical process and organic acid production by Aspergillus niger. The other macro and 

micro elements, facilitated the  biochemical processes necessary for growth and 

metabolism[1]. Therefore growth of the organism and bioleaching process is directly related 

to the availability of the chemical nutrients in the fermentation medium during the 

bioleaching process. Many  investigators used different  carbon and nitrogen sources for the 

study of growth and leaching process by the organism[2,3]. Different organic acids produced 

as metabolic products by the organism are involved in bioleaching have also been studied 

some authors[4]. Glucose and Sodium nitrate were used as the suitable carbon and nitrogen 

source for bioleaching and our present study was conducted to study the utilization of glucose 

and sodium nitrate from the fermentation medium by Aspergillus niger AB200 and its 

bioleaching capacity with relation to the time period of fermentation. Different organic acids 

produced as a result of metabolism during the fermentation process by the organism were also 

noted. 

MATERIALS AND METHODS 

Chromite ore: Chromite ore used in the study of bioleaching is obtained from the 

SukindaValley, Orissa, India. The ore was crushed to 200 mesh size and the silica and iron 

content in the ore was estimated[5].  

Microorganism:  The parent of Aspergillus niger was isolated from the soil of North Bengal 

and silica tolerant Aspergillus niger AB200 was developed from the parent culture which was 

used for the present study[5]. 

Growth medium and growth conditions: The cultures were maintained on agar slants having 

composition :- glucose – 5%, NaNO3 – 0.2%, KH2PO4 – 0.1%, KCl – 0.05%, MgSO4.7H2O 

– 0.05%, Na2O3Si.9H2O – 0.18%, Agar – 4%. pH was adjusted to 4.8-5.0. The slants were 

incubated for 7days at 30˚C. Preparation of Inoculum:  Full grown slant cultures were 

scrapped off and suspended in 100ml double distilled water. The suspension contained 

1.4×106 spores/ml and was used as inoculum[5]. 
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Composition of the synthetic medium and conditions for bioleaching :  The following 

synthetic media was used for bioleaching studies:- glucose – 10%, NaNO3 – 0.2%,  KH2PO4 

– 0.1%, KCl – 0.05%, MgSO4.7H2O – 0.05%. pH – 4.5. 

Surface culture fermentation was carried out using 100ml Erlenmeyer flask which contained 

0.3 gm chromite ore and 30 ml fermentation media. 6 ml inoculum was added to each flask 

and incubated at 33˚C for 7 days. 

Estimation of silica and iron in the fermentation media :  The organism leached out silica and 

iron oxide from ore into the fermentation media, which is then estimated colorimetrically by 

silico molybdate method[6] and thiocyanate method respectively[7 ]. 

Estimation of Dry cell weight: The cells were separated from the fermentation media by 

filtration, washed with distilled water and filtered once again. The mass was dried in an oven 

at 100˚C for 24hrs.it was then weighed to obtain the dry cell mass[5]. 

Estimation of sugar in the fermentation medium :  The residual sugar in the fermentation 

medium  was estimated by Nelson-Somogyi method[8] 

Estimation of Nitrogen: Total nitrogen in the cell and in the broth was estimated by Micro-

Kjeldahl method[9]. Ammonium nitrogen was estimated by Conway[10] and the amino 

nitrogen by Paper chromatography[11]. 

.Estimation of Organic acids :  The total acid content in the fermentation medium is obtained 

by titration. Individual organic acid in the fermentation were detected by paper 

chromatography[12]. Gluconic acid in the fermentation medium is estimated as Ca-gluconate 

by EDTA titration[13]. Citric acid is estimated by Pyridine-Acetic anhydride method[14] and 

Oxalic acid by titration with KMnO4[15]. 

Statistical Analysis:  All data were expressed as Mean ± SEM, where n=6.  

RESULT AND DISCUSSION 

Bioleaching of silica and iron from chromite ore by Aspergillus niger AB200 was carried out 

by utilizing the glucose present in the fermentation medium and it was found that with the 

increase in glucose utilization by the fungus, bioleaching also increased(shown in Fig 1.).  
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From Fig 1, it has been found that initially glucose utilization sharply increased  and upto the 

7th day of fermentation glucose utilization was high, but beyond that i.e., on the 8th and 9th 

day, glucose uptake was not that much high . Maximum 89.30% of glucose, provided in the 

fermentation medium was utilized by the organism till the 9th day of fermentation.  This can 

also be correlated with the growth of the organism and its bioleaching capacity, which shows 

that maximum bioleaching of silica and iron from chromite ore was obtained on the 7th day of 

fermentation. pH of the fermentation medium also decreased from 4.5 to 2.8 which signifies 

production of some organic acids in the fermentation medium responsible for the 

solubilization of silica and iron from the ore. The biochemical mechanisms leading to organic 

acid production is important because of their relevance to fungal physiology.  The 

biochemistry of carbon metabolism through glycolysis and Krebs cycle have attracted intense 

attention already. Many posssible mechanisms for organic acid production by Aspergillus 

niger have also been proposed by many authors[16]. Detection and Quantitative estimation of 

Organic acids from the fermentation medium revealed 3organic acids from the medium, 

which were Gluconic acid(0.064M), Oxalic acid(0.028M), Citric acid(0.008M). The organic 

acids produced as a result of the carbohydrate metabolic pathways for glucose metabolism 

may be responsible for the solubilization of silica and iron. 
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Fig 1. Utilization of glucose, growth  of Aspergillus niger AB200 and its  
bioleaching capacity  with respect to the time period of fermentation.
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From Fig 2. it has been found that, maximum percentage of nitrogen in the fermentation 

medium was taken up by the fungal cells for the structural development of the organism and 

and this nitrogen uptake increased till the 9th day of fermentation. According to some authors 

presence of Ammonium nitrate used as the nitrogen source required for the mycelial growth is 

necessary for the citric acid production by the organism. This is because nitrogen is not only 

important for metabolic rates in the cells but it is also the basic part of cell proteins [17].A 

small percentage of ammoniacal and amino nitrogen were also produced in the fermentation 

medium. This  shows that nitrogen is well balanced with respect to the amount of nitrogen 

provided in the medium and cell nitrogen along with ammoniacal and amino nitrogen formed. 
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Fig 2. Nitrogen balance during bioleaching by Aspergillus niger AB200.
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