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ABSTRACT 

1. INTRODUCTION 

1.1 Objectives 
1.2 Thesis presentation 

2. LITERATURE REVIEW 

2.1 Citrus 
2.2 Nutritive value of citrus 
2.3 Processing of fruits 
2.4 Products from citrus 

2.4.1 Squash 
2.4.2 Sweetened juice 
2.4.3 Comminuted beverage 
2.4.4 Ready to serve beverage 
2.4.5 Concentrates 
2.4.6 Citrus juice powders and canned segments 
2.4.7 Jams, jellies and marmalades 
2.4.8 By-products 

2.4.8.1 Essential oils 
2.4.8.2 Pectin 

2.5 Factors determining quality of juice 
2.6 Limonin 
2.7 Naringin 

2.7.1 Structure and Chemistry 
2.8 Methods for assay of naringin, its breakdown products and the hydrolytic enzyme, 

naringinase 
2.8.1 Davis method: Use of DEG and NaOH 
2.8.2 Habclt and Pittncr's modification of Davis' method 
2.8.3 Detection of reducing sugars 
2.8.4 HPLC 
2.8.5 Use of p-nitrophenyl-ά-L-rhamnosidc (pNPR) for assaying naringinase. 
2.8.6 Other methods 

2.9 Debittcring of citrus juices 
2.9.1 Physicochcmical approaches 

2.9.1.1 Adsorptive debittering 
2.9.1.2 Debittering by passage through polystyrene DVB resins 
2.9.1.3 Debittering by ß-cyclodextrin 
2.9.1.4 Limitations of physicochemical approaches 

2.9.2 Enzymatic approach of dcbittcring 
2.10 Substrate specificity of naringinase and mode of action 

2.10.1 Specificity of naringinase from Aspergillus niger 
2.10.2 Specificity of naringinase from Penicillium decumbens 
2.10.3 Mode of action 

2.11 Production of naringinase 
2.11.1 Microorganisms producing naringinase 
2.11.2 Media 

2.12 Purification of naringinase 
2.12.1 Naringinase from Penicillium sp. 

2.12.1.1 Naringinase from Penicillium decumbens 
2.12.1.2 Naringinase from Penicillium sp. DSM 6826 
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2.12.2 Naringinase from Aspergillus sp. 
2.13 Immobilisation of naringinase 

2.13.1 Adsorption 
2.13.2 Covalent binding 

2.13.2.1 Chitin 
2.13.2.2 Porous glass 

2.13.3 Entrapment 
2.13.3.1 Hollow fiber 
2.13.3.2 Cellulose tri acetate fiber 

2.14 Uses of naringinase other than debittering of citrus juice 
2.14.1 Production of saponins and sapogenins 
2.14.2 Synthesis of selinone 
2.14.3 Manufacture of monoglycosyl rutin from rutin 
2.14.4 Novel flavonoids as plant growth accelerators 
2.14.5 Manufacture of partially deglycosylaicd derivatives of chloropolysporin 
2.14.6 Aroma production or enhancement 
2.14.7 Use in food 

3 . MATERIALS AND METHODS 

3.1 Chemicals and growth media 
3.2 Screening for naringinase producing microorganisms 
3.3 Assay for naringinase activity 

3.3.1 Naringinase assay by reducing sugar method 
3.3.2 Naringinase assay by residual substrate estimation using HPLC 
3.3.3 Naringinase assay by estimation of reducing sugars produced using HPLC 
3.3.4 Estimation of naringin content in citrus fruits 

3.4 Identification of the Isolate 
3.5. Shake flask studies on naringinase production 

3.5.1 Naringinase production 
3.5.2 Media optimization 

3.5.2. / Effect of inorganic nitrogen sources and sugar / starch as carbon source 
on naringinase production 

3.5.2.2 Effect of organic nitrogen and carbon on naringinase production 
3.5.2.3 Comparison between casein digest and corn steep liquor with and without glucose 

in enhancing naringinase production 
3.5.2.4 Comparison between soybean meal (SRM) and soybean hydrolysate (SIM) 

in naringinase production 
3.5.2.5 Effect of varying concentrations of soybean meal and glucose on naringinase 

production 
i) Experiments in presence of corn steep liquor (CSL) 
ii) Experiments in absence of CSL 
3.5.2.6 Effect of surfactant on naringinase secretion 
(i) Effect of Tween 80 and Triton X-100 
(ii) Effect of varying concentrations of Tween 80 on naringinase secretion 
3.5.2.7 Effect of incubation temperature on naringinase production 
3.5.2.8 Effect of medium pH on naringinase activity 
3.5.2.9 Effect of different patterns of naringin addition on naringinase production 

3.6 Fermenter studies 
3.6.1 Inoculum preparation for fermenter 
3.6.2 Sampling 
3.6.3 Batch culture studies 
3.6.4 Effect of pH on enzyme production 
3.6.5 Effect of temperature 
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3.7 Purification of naringinase 
3.7.1 Solids separation and enzyme concentration 
3.7.2 Ion exchange chromatography 
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