Synopsis


Potato (Solanum tuberosum L) is a nourishing food that has sustained civilizations for centuries in South America and Europe. Potato production has significantly increased in recent years in many countries, particularly Asia where it has become more important as a food and industrial crop. In terms of the number of producing countries, potato is second only to maize. About one half of the world's potato production is being used as human food. Though India is the third largest producer in the world after China and Russian Federation, the per capita consumption of potato is only 14.8 kg / year. Over the past decades, there has been a steady increase in potato production in India, accompanied by unsteady markets frequently resulting in peak harvest gluts. India produced 25 million tonnes of potatoes during 2004-05. This record production has led to several post harvest problems, storage being the major one. Increasing potato production with inadequate, expensive and unevenly distributed refrigerated storage facilities in the country has resulted in frequent gluts in the market causing economic loss to the farmers and wastage of precious foods. 

In developing countries like India, people are traditionally dependent upon cereals and are generally unaware of the nutritional value of potatoes. Therefore, it is essential that potato consumption is increased to sustain this increase in production and to ensure remunerative prices to the farmers as well. Under the existing circumstances, processing of the bulky perishable potatoes into various processed products is a viable option which can help extend the storage life, solve the storage problem, cater to the consumer preference belonging to different age groups and social strata and serve as a means to increase the supply in off seasons thus maximizing potato utilization. 

 Sweet potato (Ipomoea batatas L. Lam) is a nutritive vegetable, being an excellent source of vitamin A precursor, certain other vitamins and minerals, energy, dietary fliber and some protein. Sweet potato consists of about 70% carbohydrates (dry basis) of which a major portion is starch, which can be utilized as a functional ingredient in certain food preparations. For example, controlling the rate of heating during cooking activates endogenous amylolytic enzymes leading to conversion of a portion of starch to dextrins, which as an adhesive material could function as a binding agent in food products. India produces about 1 million tonnes of sweet potatoes in a year, most of which are consumed fresh. In spite of the fact that it is cheaper than other crops, this abundant resource is, however, still poorly utilized.

Processing of potato into flour is perhaps the most satisfactory method of creating a product that is not only functionally adequate, but also remain for an extended period without spoilage. Incorporation of potato flour into various products is reported. Different products can be prepared by incorporating potato flour with other flours using different methods of cooking such as baking, roasting, steaming, boiling and deep fat frying. Potato flour is used by baking industry and is incorporated in the baking of bread to retain its freshness. It also imparts a distinctive, pleasing flavour and improves toasting qualities. It can be used advantageously in crackers, pastries, yeast raised doughnuts, cake and cake mixes. 

The dried and ground sweet potato is used as a supplement in puddings, gruel, etc. Starch manufacture is the main industrial utilization of sweet potatoes which has been used in the preparation of noodles, bakery foods, snack foods, confectinery products and for alcohol production and in brewing industries.

The functional properties of the flour are provided not only by the starch but also by other flour components. The limited data for flour functional properties are different from those of starch since extra constituents available in flour (non-starch carbohydrates, protein, fat, etc.), restrict access of water into the starch granules. For eg. most of the pasting viscosities of flour were not correlated to that of purified starch. 

In view of the increasing utilization of potato and sweet potato in composite flours for various food formulations, their functional properties are assuming greater significance. Such properties of plant foods are determined by the molecular composition and structure of the individual components and their interactions with one another. Modified / speciality flours in snack foods serve as functional ingredients, contributing to desirable attributes such as increased expansion, improved crispness, reduced oil pickup, and better overall eating quality. Starch-based coatings and adhesives can replace fat or oil in low fat baked snacks, while resistant starch provides high fiber nutritional claims for snack foods. 

Several basic properties of flours of concern to food processors such as heat, shear and acid stability are improved by starch modification. Either one or combination of these characteristics is required in most food processes where the properties of unmodified starch are insufficient. Flour is prepared by dehydration methods such as drum drying. However, the properties of such flours were not reported to decide their suitability for specific product development. Acetylated starches are used by food industry because of the unique characteristics imparted by acetylation such as low gelatinization temperature, high swelling and solubility, and good cooking and storage stability. Enzyme treated flour though tend to show changes in its properties due to the breakdown of starch as a result of enzyme action, the functional and rheological properties of such flours were not studied earlier. Thus, information on the properties of processed, acetylated and enzymatically modified potato and sweet potato flours is scanty and is mostly related to the starches. Hence, the present investigation on modified flour from potato and sweet potato was undertaken and the results obtained are consolidated in the form of a thesis having the following layout.

CHAPTER I presents a General Introduction of the subject with special reference to production, utilization, processing methods, modifications to change the nature of starch, viz. the functional properties (gelatinization, retrogradation and thermograms) and rheological properties (pasting viscosities) and usefulness. Finally the scope of the present investigation is also included.

CHAPTER II describes the Materials and Methods used in the present study. Detailed methodology of each of the experiment is given with procedures and data computation. 

CHAPTER III, which is the major chapter, describes the Results and Discussion of the work carried out in this investigation. 

Potato contained slightly more of starch and protein, whereas sweet potato contained, in addition more of fiber content. Potato and sweet potato flours were developed by drum drying and hot air drying methods. Addition of sulphur dioxide and subjecting to heat treatment during processing, arrested browning reactions whereby the resulting flours were more brighter compared to native flours. Acetylation of potato and sweet potato flours by acetic anhydride in the presence of NaHCO3 as well as the process conditions, viz. incubation time, temperature and enzyme concentration, for enzyme modification by glucoamylase were standardized. 

Scanning electron microscopic studies of native and treated potato and sweet potato flour samples showed that the starch granules were smooth, oval or spherical or irregularly shaped. Processing resulted in disappearance of granular surface and effected agglomeration of granules that formed into an aggregated mass comprising of several small granules. The acetylated flour samples  showed indentations of the granules, whereby the granules appeared as clusters / bunches. The penetration of glucoamylase was found to be more in sweet potato samples which was also evident by the release of more amount of reducing sugars as a result of breakdown of starch by glucoamylase.

Fractionation studies of potato and sweet potato flour samples by gel permeation chromatography on Sepharose CL 2B column showed considerable molecular degradation of starch in the modified samples. 

The infrared spectra of starches of flour samples that originate mainly from the vibrational modes of amylose and amylopectin reflected the changes in molecular structure. Characteristic peaks appeared In the finger print region of the spectrum of native samples. Studies indicated the gelatinization of drum dried and hot air dried samples. The spectra of acetylated flour samples showed evidence of acetylation by the presence of the ester carbonyl group stretch at 1731 cm-1 (C=O). The shift in hydroxyl stretching band was observed in the enzyme modified samples as a result of modification. 

Native flour samples of potato and sweet potato showed pasting curves, with very high peak, hot paste and cold paste viscosities. But the processed samples manifested low initial amylograph viscosities, as they were already modified to a great extent as a result of processing. The paste viscosities of hot air dried sweet potato flour were found to be much lower than that of drum dried samples due to the further breakdown of its starch by the action of endogenous thermostable amylases. The high stability of drum dried and hot air dried samples during heating and cooling processes, demonstrates that these samples have possible uses in products requiring sterilization, such as baby food. 

The acetylated potato and sweet potato flour samples showed least paste viscosities exhibiting restricted swelling of starch granules, due to the presence of substituent functional groups that weakened the associative forces. The tendency of resistance to retrogradation of enzyme modified sweet potato flour samples was indicated by low setback viscosity.

The pasting viscosities of isolated starches from native and processed flour samples showed that the extra constituents available in flour restricted the access of water into the starch granules. Hence, the RVA pasting viscosities of isolated starches were much higher than that of flour. 

The texture profile analysis of potato and sweet potato dough showed that the dough rheology was influenced by processing conditions, type of modification and moisture content. Among the modified samples, drum dried samples were more hard, springy, gummy and chewy, whereas the hot air dried samples were less cohesive, springy, gummy and chewy. 

Thermal characteristics of flour samples, as measured by differential scanning calorimetry, revealed a broad endothermic transition temperature for both potato and sweet potato. X-ray diffraction studies showed that the native potato and sweet potato samples were characteristic of B- type and Ca, respectively, whereas the processed samples showed V-type diffraction patterns. 13C NMR spectral data corroborated with the linear α-1,4 glucan nature of these starches. The reduction in intensity of peaks was attributed to loss of crystallinity and debranching of the starch polymer. 

Resistant starch (RS) levels of processed flour samples increased and it was more in the case of drum dried samples. Correlation between insoluble dietary fiber (IDF) and RS supported the idea that RS has contributed to the observed increment in the IDF fraction.

The effect of temperature on swelling power of differently processed potato and sweet potato flours indicated differences in the molecular organization within their starch granules; drum dried samples showing higher and acetylated and enzyme modified samples showing lower swelling power. The higher solubility of drum dried samples could be attributed to a higher degree of macromolecular disorganization. Though acetylated and enzyme modified samples showed increase in their solubility with increase in temperature, the values obtained for them were found to be much lower than that of native flour. The enormous differences among the modified flour samples in their swelling and solubility patterns can thus form the basis for the functional properties that determine their suitability in product development.

 Higher sediment volume of the processed samples was an indication of a greater degree of gelatinization of drum dried and hot air dried samples. The gel consistency of the samples which is proportional to the hydration power and sediment volume of the flour, was found to be higher in processed samples, more so in drum dried samples. The enzyme modified flour of sweet potato with highest cold paste viscosity among the treated samples, exhibited lowest gel consistency values. Excepting acetylated flour samples, the gel consistency of other modified flour samples of potato and sweet potato were correlated with their cold paste viscosities. 

Both in their native as well as modified forms, sweet potato flour was better digested with glucoamylase than potato flour. The enzyme digestibility of the latter was improved by processing which involved cooking and high temperature drying, that led to gelatinization of starch and subsequent changes in its crystallinity. The acetylated flours showed poor digestibility indicating the influence of substituent groups on starch digestibility. The changes brought about by enzyme action facilitated better digestibility of enzyme modified flours.

The salient features deduced from this study are listed as Summary and Conclusion in CHAPTER IV. In brief, it may be concluded that structural, rheological and functional properties of modified potato / sweet potato flour were dependent on type of modification. The high stability of drum dried and hot air dried flours during heating and cooling processes, demonstrates their possible use in products requiring sterilization such as baby food. The flours showing low paste viscosities, i.e, physically treated and acetylated flours may be used in formulations requiring high solids per unit volume. Enzyme modified flours with high paste viscosities act as good thickeners. The application of the above modified flours would ensure desirable levels of digestible starch in food products. Poorly digested flours may function as a source of dietary fiber or aid in weight control. Thus, the data can be used in designing food processing and preparation protocols in accordance with consumer requirements for potential application of potato and sweet potato flours in foods.

Finally, citation of literature references made use of in consolidating this work is listed in the last section, Bibliography. 
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