                       Synopsis

Soybean (Glycine max L.)  is one of the world’s leading oil seed crops.  It is one of the most important source of vegetable protein.  The defatted meal contain 45-50%  protein of good nutritional quality.  Among the many biologically active factors present in the soybean, the protease inhibitors have been shown to exert a negative impact on the nutritional quality of the protein.  


Protease inhibitors are inactivated by heat treatment.  Heat treatment not only reduces trypsin inhibitor activity but also adversely affects the functional properties of the protein.  Therefore, in the process of heat treatment to soy products, it is essential to use optimum conditions of temperature, time, moisture and pressure such that destruction of trypsin inhibitor is maximum and at the same time the solubility of the proteins is not reduced considerably.


 The surface properties of protein is a deciding factor in exhibiting the functional properties in solution, of particular interest being the foaming and emulsifying properties.    These properties and the manner in which proteins interact with other components, directly and/or indirectly affect their applications, food quality and ultimately the acceptance.   Any factor that disrupts the interactions between protein molecules and their confirmational structure will lead to changes in their physicochemical and functional properties.  For proteins to have the desired functional properties, several methods of protein modifications such as physical, chemical and enzymatic modifications are used. 


 In the present thesis, an attempt is made to modify soy flour by physical and enzymatic means and to study the effect of these modifications on trypsin inhibitor inactivation, functional properties and physicochemical properties of the flour.  


The present investigation entitled “ Enzymatic and physical modifications for the preparation and utilization of soy flour for better functional properties” is undertaken with the following work plan in view. 

1. Functional and physicochemical properties of different soy flours.

2. Physical modification of soy flour and its effect on functional and physicochemical properties of the flour. 

3. Enzymatic modification of the physically modified soy flour and its effect on functional and physicochemical properties of the flour

4. Incorporation of the modified flour in specific products for nutritional enhancement such as bakery products and related products. 

The results of these investigations are presented in the form of a thesis.  A brief outline of the important results obtained in the investigation is summarized below.  


The thesis has been divided into Introduction, Scope and Objectives, Materials and Methods, Results and Discussion (in four chapters), Summary and Conclusions and References.  These are supplemented by tables with titles and figures with legends.  


Chapter  I deals with the preparation of defatted soy flour and evaluation of its functional and physicochemical properties.  For comparison, two commercial varieties of soy flours were also evaluated for functional and physicochemical properties.   

 In this study, defatted soy flour was prepared in the laboratory by solvent extraction with less than 1% fat and with minimal heat treatment (flour 1).  Two other varieties of commercial soy flour  prepared under different conditions were also used for the comparative study (flour 2 and flour 3).  


Protein content of the three flours were in the range of 49-50%.  The SDS-PAGE pattern showed seven major bands.  Gel filtration pattern of the three total proteins showed symmetrical  elution   profiles  with  four  peaks.    There  was  no  change  in the 

fluorescence properties of total proteins extracted from the different soy flours.  Scanning electron microscopic analysis showed that the particle size of the flours plays a major role.


The functional properties of flours namely protein solubility, foaming capacity, foam stability, emulsion capacity and emulsion viscosity were all determined using standard procedures to compare the functional attributes under standard conditions of pH and salt concentration.  Protein solubility profile of three soybean flours showed increasing solubility with increasing and decreasing pH values, having minimum solubility (24%) at isoelectric point.  At pH 2, about 85% of the protein was soluble while more than 90% of the protein was soluble at pH 10.  Effect of sodium chloride on the solubility of soy protein was measured using  0.1, 0.25, 0.5 and 1 M sodium chloride.  In the presence of sodium chloride, solubility increases in the vicinity of the isoelectric point.  Extractability of protein was more at pH 2 and 10.  But with increasing concentration of sodium chloride there was a decrease in the protein extractability.  Out of the four dispersion media investigated, water solubilized the greatest percentage of nitrogen at pH 2 (85%).  At pH 10, nitrogen was soluble at 92% level in suspension prepared with water.  The results show that presence of salt enhances solubility of the protein at the isoelectric pH, which is an important characteristic for food formulations.


The foaming capacities of the three flours were also compared.  Flour 1 showed the maximum foaming capacity of 70 ( 3ml followed by flour 2 (62 ( 3ml) and  flour 3 (40 ( 2 ml).  Foam stability of   three flours were in the following order, flour 2 > flour 1 > flour 3.  Effect of sodium chloride on the foaming capacity and foam stability of soy flour showed that low salt concentration (upto 0.5 M) increased the foam stability.  At higher concentration of salt (1 M) destabilization of foam was observed.  Foaming capacity of soy flour as a function of pH showed a minimum foaming capacity of 32% at pH 4.0 and a maximum of 80% at pH 10.  Emulsion capacity of soy flour as a function of pH and sodium chloride was studied.  Both pH and salt concentration markedly affect the emulsion capacity of soy flour.  Emulsion capacities of soy flour dispersed in buffer,     0.1 M NaCl, 0.5 M NaCl and 1.0 M NaCl solutions are 184 ( 2 ml,  178 ( 3 ml,                  156 ( 2 ml and 172 ( 3 ml respectively.  A progressive decrease in emulsion capacity was observed with increase in salt concentrations upto 0.5 M  NaCl after which it increased upto 1.0 M NaCl.   The viscosity of the emulsion depended on NaCl concentration.  The viscosity significantly decreased with increase in NaCl concentration upto 0.65 M and then increased  upto 1.0  M concentration.  

The results indicate that though there is homogeneity among the total proteins extracted from the three different defatted soy flours, flour 3 might have undergone mild heat treatment during the processing period.  Flour 3 is having poor functional properties compared to flour 1 and flour 2.

The above results on the functional and physicochemical attributes of the three flours are presented in the form of  Tables and Figures for the purpose of discussion in the thesis. 


Chapter II  describes physical modifications of soy flour and the effect of these modifications on the functional and physicochemical properties of the flour.  This chapter describes the effect of physical modifications on the trypsin inhibitor inactivation and digestibility of soy flour.  The highlights of the results are:

Dry roasting did not show any significant change in the trypsin inhibitor inactivation whereas 10 minutes of autoclaving reduced the trypsin inhibitor activity of the flour to a considerable level of 10.3 units from a control value of 65.8 units.  Almost 100% inactivation was achieved by 30 minutes of autoclaving.  


Effect of heat treatment on the functional properties was studied.  Nitrogen solubility of control soy flour, roasted soy flour and autoclaved soy flour at different time intervals (2, 5, 10, 20 and 30 minutes) over a pH range of 2-10 was studied.  Dry roasting for 10 minutes did not reduce the solubility of the flour except with a slight reduction at the isoelectric pH range (pH 4-5).  30 minutes of dry roasting reduced the solubility of the flour in all the pH ranges.  Solubility of the flour decreased with increase in time of  autoclaving.  The nitrogen solubilities of control soy flour at pH 2, 4, 6, 8 and 10 were 85, 24,  53, 75 and 90% respectively while those of 30 minutes autoclaved flour were 43, 17, 17, 22 and 32% respectively.  The foaming capacity of roasted soy flour and autoclaved soy flour as a function of time was studied.  The roasted flour did not show any significant change in the foaming capacity from that of control flour.  The autoclaved flour did not form a stable emulsion.  


Physicochemical properties of the heat processed flour was studied.  Total proteins were extracted from heat treated flour with 0.02  M phosphate buffer of  pH 7.9 and loaded on a polyacrylamide gel.  Under non-reducing conditions, the control soy protein showed 4 major electrophoretic bands.  There was no change in the electrophoretic pattern of the extracted protein from roasted and control flour.  Autoclaving  of flour causes a loss in the intensity and the disappearance of major protein band.  The gel filtration  studies of total proteins extracted from soy flours were carried out.   The elution profile showed 4 peaks.  Upto 20 minutes of dry roasting there was no change in the gel filtration profile compared to the control.  With increase in time of roasting there is a marginal decrease in the present area of peaks as compared to the control protein.  Autoclaving of the flour increases the concentration of last two peaks  (low molecular weight proteins and water soluble proteins).  

Scanning electron microscopic studies showed that heat processing under moist condition (autoclaved) causes aggregation of particles.   The fluorescence studies showed a decrease in the fluorescence emission intensity of autoclaved protein compared to the control protein.  The relative fluorescence intensities of control, 10 minutes autoclaved, 20 minutes autoclaved and 30 minutes autoclaved flour proteins were 342, 350, 355 and 357 nm respectively.  

The effect of heat treatment and trypsin inhibition inactivation on the trypsin digestibility of soy flour was studied.  The control flour was having a digestibility of     20-25%, whereas 30 minutes of autoclaving increased the digestibility to 90-95%.  

From the above results and discussion, it is evident that, physical modification of  soy flour reduced the trypsin inhibitor activity.  Solubility of the  flour  decreased with increase in time of heat treatment.  Foam capacity of the autoclaved flour was less compared to control flour.  Autoclaved flour did not form a stable emulsion.   Dry roasting did not have much effect on the functional properties of the flour.   Autoclaving increased the trypsin digestibility of the flour.

Chapter III  describes the effect of enzymatic modification on the functional and physicochemical properties of soy flour.  A detailed investigation is carried out to study the effect of two proteolytic enzymes namely, papain and fungal protease on the functional and physicochemical properties of  heat processed soy flour. The combination of heat processing and enzymatic modification was carried out in two ways:                   (I) enzymatic modification followed by heat processing (II) heat processing followed by enzymatic modification. 

Enzymatic modification of autoclaved flour increased its acid solubility (pH 4-5) from 17% to 56% over a control value of 24%.  There was a concomitant increase in the solubility of enzyme modified flour and the flour autoclaved first and then enzyme modified.  The foaming capacity and foam stability of heat processed flour, enzyme modified flour and the flour, which was subjected to both heat processing and enzymatic modification with fungal protease and papain was studied.  In both the cases, enzyme modified flour had the least foam capacity and foam stability whereas those of the flour which was enzyme modified first and then autoclaved was more compared to the one which was first autoclaved and then enzyme modified. 


Effect of autoclaving time on the emulsion capacity of fungal protease treated soy flour was studied.  10 minutes of autoclaving followed by 20 minutes of enzyme treatment gave maximum emulsion capacity of 174 ( 5 ml/g flour.    The heat processed flour and fungal protease treated flour could not foam a stable emulsion.  The type of enzymes significantly influences the emulsion capacity.  


The molecular weight distribution of autoclaved and enzyme modified proteins were studied by gel filtration chromatography.  After enzyme treatment there was a reduction in molecular size of the particles.  When the autoclaving was carried out prior to enzyme treatment, there is a substantial increase in the size of the peak corresponding to high molecular weight range whereas when the flour is autoclaved after enzymatic modification, there is a considerable decrease in the first peak and a substantial increase in the peaks corresponding to low molecular weight.  Subunit degradation occurring during proteolytic enzyme treatment of the autoclaved flour was investigated by SDS-PAGE.  Untreated control display six major bands and three minor bands.  Major protein bands were no longer observed in the enzyme treated flour.  The decrease in band intensities were apparent in the enzyme modified first and then autoclaved flour.  


The fluorescence spectrum of autoclaved and enzyme modified proteins were studied.  The (max of control soy flour, 10 minutes autoclaved flour and fungal protease treated flour were 340, 348, 349, 354 and 346 nm respectively.   Scanning electron microscopic studies were utilized to study the ultra structural features of enzyme modified flour.   Surface hydrophobicity of autoclaved protein was less compared to that of control protein.   

The above results reveal that enzymatic modification of the heat processed soy flour increased its solubility and other functional properties.  The enzyme used and the degree of hydrolysis influenced the surface hydrophobicities and hence the functional properties of the flour.  The results suggested that partial hydrolysis might have initiated physicochemical changes of the flour.  The increased functionality of the soluble proteins appear to be related to changes in composition, hydrolysis and conformation resulting in exposure of unique hydrophobic domains.  The modified soy flour based on its functional and physicochemical properties should find application in many fabricated food systems, particularly in acidic beverages without affecting the  digestibility.      


Chapter IV  describes the effect of incorporation of different levels of raw soy flour and modified soy flour on the quality attributes of products like saltine cracker and noodles.  The products were evaluated for physical characteristics such as texture, colour and spread ratio.  Electron microscopy was used to understand the effect of incorporation of different types of soy flours on the morphological characteristics of the products.  The effect of incorporation of different levels of raw soy flour and modified soy flour on the solubility profiles and hydrolysis profiles of the products were studied.  Cooking properties of the noodles, like leaching loss and swelling index were also studied.  


Breaking strength of saltine crackers considerably increased from 1.4 to 2.3 kg by the incorporation of 30% raw soy flour whereas the value was decreased to 0.4 kg when 30% modified soy flour was incorporated.  The control sample had a protein content of 9.7%.  By the incorporation of either raw soy flour or modified soy flour in different levels, the protein content increased in the range of 12.5-17.7%.   Incorporation of raw soy flour increased the yellow index of saltine crackers.  

Incorporation of modified soy flour at different levels increased the protein solubility of saltine crackers.   In vitro digestibility of the saltine crackers was measured using 3 proteolytic enzymes namely, pepsin, trypsin and (-chymotrypsin.  Incorporation of raw soy flour increased the rate of hydrolysis.  With 5 hours of trypsin hydrolysis the saltine cracker containing 10% soy flour showed 38% increase in hydrolysis compared to the control saltine cracker.  Though incorporation of modified flour increased the enzyme digestibility of the saltine crackers, with all the enzymes after 5 hours of hydrolysis there was no significant change in the rate of hydrolysis.  


Incorporation of soy flour and modified soy flour on the quality characteristics of noodles were studied.  Addition of raw soy flour for more than 10% level increased the cooking loss of noodles.  There was a marginal decrease in cooking loss (8.85%) by the incorporation of 10% modified soy flour to that of control flour (9.65%).  At the level of 10% incorporation, there was no significant change in water absorption.  Incorporation of raw soy flour and modified soy flour affected the color  of noodles. Yellow index values increased with the addition of raw and modified soy flour.  Breaking strength of the noodles increased with the addition of 20 and 30% modified soy flour whereas higher concentration of raw soy flour made the noodles more softer compared to the control.  Increasing concentration of modified soy flour make the noodles  more stickier compared to that with control or raw soy flour.  


Solubility of profile of noodle samples containing different levels of soy flour and modified soy flour was studied.  The farinograph characteristics of control (wheat flour) and wheat flour containing different levels of raw soy flour and modified soy flour were studied.  With the incorporation of 10, 20 and 30% defatted soy flour, water absorption reduced to 33.5%, 30.8% and 29.8% respectively.  When wheat flour and enzyme modified soy flour was used , there was not much difference in the water absorption values.  Incorporation of 10% defatted soy flour increased the dough development time drastically from 7  minutes to 27 minutes.  

The studies on product development can be concluded that an acceptable saltine crackers or noodles of better nutritional value can be prepared by supplementing wheat flour with 10% defatted soy flour.  Processing does not cause any important difficulties.  Slightly higher amount of water is required to develop the dough.  There was no significant change in the quality parameters of soy proteins supplemented saltine crackers and noodles with that of control, using only wheat, samples.


Summary and conclusions gives the salient features of the present investigation in brief.  The literature cited in the complete text is arranged in alphabetical order under references, which gives all the relevant details including the title of the paper, chapters in books  and pagination. 

