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I INTRODUCTION

 
Eating is one of life’s greatest pleasures, food choice depends on history, culture and environment, as well as on energy and nutrient needs. People also eat food for enjoyment. Family, friends and belief plays a major role in the people to select foods and plan meals (Cheung, 2004).
In the rush towards healthier eating many people have over looked a dish that’s a big enjoyment yet full of nutrients derived from dairy products. Ice cream a real milk food that’s coming out of the freezer in moderate amounts adds a big pleasure factor to healthy balanced diet (www.sweedenfreezer.com).

Ice cream is an enormously popular food, the term ‘Ice cream’ in its broadest sense covers a  range of  different types of  frozen dessert  which are sweet, contain ice and unlike any other frozen foods, are normally eaten in frozen state (Clarke, 2004).

Get a taste of its manufacturing history, starting from the time Roman’s collected ice from mountaintops. There’s no better way to cool off during the hot day of summer than with frosty serving of ice cream (Katrina, 2004). Emperor Nero was known for his love of iced delicacies of fruit and nectar (International Association of Ice Cream Manufacturers, 1978). In the 1200’s, Marco Polo returned from China with ice cream - like recipes, and introduced to Italy (Caroline, 1993). The love of all things iced traveled from Italy to France by Catherine de Medici in 1533 (Hodder, 1993). Café Procope in Paris, established in 1660, was perhaps the first ice cream manufacturer and distributor (Stoughton, 1993).

             Later, August Gaulin of France created smoother ice cream texture by homogenization, using heating methods to emulsify the mixture’s fat content in order to make it uniform in consistency. In 1851, Jacob Fussel erected the first ice cream plant in Baltimore (Katrina, 2004). Invention like hand cracked ice cream maker helped to make ice cream in homes (www.montpelier.org). What truly revolutionized ice cream making was introduction of refrigeration (en. wikipedia). 

In India, Ice cream production has increased rapidly in the recent years. As we all know of its cooling and thirst relieving effect in summer. Thus ice cream, a dish which was eaten for pleasure should be of best quality which is expressed in terms of nutritive value, appearance, texture, smoothness creaminess, melting point etc (www.icecream.com).
Dairy foods play an important role in protecting our bodies from injury and disease as well as providing our bodies with vital nutrients. Calcium and Vitamin D are the key nutrients found in dairy. Calcium and vitamins D consumption at any early age helps to build strong teeth and bones, at an earlier age will help prevent injury at a later age (National Dairy Council American Dietetic Association, 2004).


Ice cream is a good source of phosphorus, a moderate source of vitamin A and riboflavin, and if made with citrus fruits, can be high in vitamin C. It is also rich in calcium in a form that can be easily absorbed, and is a good energy source due to its high fat content (Shah, 2003).


Most ice creams are purchased by the consumer on basic of flavour and ingredients. Vanilla accounts for over half of the ice cream consumed. This is because it is used in so many products life milkshakes, sundaes, banana splits, pies, in desserts, etc (U.S Dept of Agriculture, 1995). 

High fat diets are associated with increased risk of several serious medical conditions including obesity, diabetes, cancer and heart disease. Consequently, current public health recommendations emphasize the importance of reducing total fat intake to not more than 30 per cent of total calorie, or 60g of fat per day in an 1800 calorie diet (Corle et al, 2001).
During the past 20 years, the amount and type of dietary fat that should be present in a healthy diet has been the source of tremendous controversy, although fat was often portrayed villain by the popular media (Lytle, 2000).
Eating too much of wrong kinds of fat, however can increase the chance of becoming obese, or developing heart disease or cancer. As a result, various health and nutrition organizations, including the US surgeon general, US department of agriculture favour a ‘low fat’ diet and have issued dietary recommendation that include reducing intake of total fat and saturated fat (American Dietetic Association, 2002).
With the growing recognition of the dangers of eating too much fat and the plethora of ‘low fat’ and ‘fat free’ foods of the supermarket shelves, we would think that everyone are eating a low fat diet. Unfortunately, recent statistics suggest that opposite was true (Higashi, 2001).

Only about 18 per cent of boys and girls in the age group of                6 to 11 consume less than or equal to 30 per cent of calories from fat, and   14 per cent and 18 per cent of boys and girls respectively in the age group        of 12 to 19 meet current dietary recommendations for fat intake         (Rasmussen et al., 2001).
The reason was consumption of the major source of dietary fat by consumption of high fat snack foods, especially among children was on the rise which leads to overweight and obesity. Despite of the entire wide spread availability of low fat and fat free food choices (Shigo it al, 2001). The root cause of obesity in the country - a sedentary life style and an abundance of food which are very difficult to change (New York Times Magazine, 2000). Obviously calories still count, weight is determined by number of calories consumed and number used as energy. If more calories are consumed than burned, the result will be weight gain.

Thus health and pleasure go together, who does not enjoy the sight, smell and taste of good food. Knowing that food is doing good thing for health make it even better (Fellows, 1993). If a food has more fat, it does not mean it shouldn’t be bought, there are no forbidden foods when we are eating for pleasure and health. If preference of food with more fat, just use less of it or use it less often (www.onlinehome.us).
The ingredients used to develop low fat low calorie ice cream are oats, fructose, skimmed milk, emulsifier, stabilizer and essence. Oats is one of the major ingredients used in this low fat low calorie ice cream. Compared with other grains, oat often been regarded as second class citizens. They taste great and are versatile. So it’s called “Holy Oat!” Studies have proven health benefits of eating high fiber foods such as oats (www.namammillers.org). 

Oats rich diet for six weeks lowers blood pressure and cholesterol (Boston, 1999) compared with other grains, oats provide a higher concentration of well balanced protein (North Millers Association, 2002). Oats have been found to significantly lower the risk of cardiovascular disease, obesity and type II diabetes. For these reason oats has been chosen as one of the major ingredient in the recipe.

Fructose or levulose is the main type of sugar found in fruit. It’s sweeter than sucrose (table sugar) and has a low glycemic index. Fructose gained wide spread popularity in the 1970’s and is usually listed in ingredient as high - fructose corn syrup (www.1st for -health.com).

Fructose is 80 per cent sweeter than sucrose and therefore less is needed. Its advantageous to a diabetic and slimmer because fructose passes more quickly in solution from the stomach to the gut and has less effect on blood glucose insulin levels (www.springboard & health.com). So, compared to sucrose, fructose has been best advantageous and put forth in the preparation of low fat low calorie ice cream.

Skimmed milk was used as a base for preparing ice cream. Since fat is removed it is suitable for many therapeutic conditions like diabetes, obesity, high cholesterol, hypertension etc. Skimmed milk has only 0.1g of fat. (www.health.com). 

Body gets lot of fat from our food. Most of us would benefit from eating food with less fat, whether people are slim or overweight or in between. Foods with less fat are not just for people who want to lose weight. Thus in order to prepare a low fat low calorie ice cream the above mentioned ingredients was used majority, because of their significant characteristics.

This provoked the investigator to undertake the study “Development and Acceptance of Low Fat Low Calorie Ice Cream” with the following objectives: To
· Develop ice cream low in calorie and fat content.

· Standardize the developed product by adapting variations.

· Analyze the developed product for its nutrient content.
· Find the acceptance of developed product by various age group of both sex.

· Evaluate the overall quality of the developed product by sensory evaluation method.
 

II REVIEW OF LITERATURE

The literatures pertaining to this study are reviewed under the following headings:

A. Scenario of ice cream

B. Classification of ice cream

C. Science of ice cream

D. Properties and functions of ingredients used in the ice cream

A. Scenario of ice cream

 
 Hundred of years ago Charles I of England hosted a sumptuous state banquet for many of his friends & family. The king’s French chef named De Micro had concocted an apparently new dish. It was cold and resembled fresh-fallen snow but was much creamier and sweeter than any other dinner dessert which was served only at Royal table which was later named ice cream.

In the 13th century Macro Polo returned from his famous journey to Italy and brought recipes for making water ices resembling modern day sherbets. Thomas Webb, started a confectioner and he sold the ice cream in the year 1850.William Neilson produced first commercial batch of ice cream on Gladstone Ave in Toronto in 1893 and his company produced ice cream at that location for close to 100 years (International Association Ice cream Manufacturers, 1978).

In 1774, a caterer named Philip Lenzi announced in New York newspaper that he had just arrived from London and would be offering for sale various confections, including ice cream. (Riving ton’s New York Gazetter, 1773).

In 1831, Dolley Madison wife of U.S. President James Madison served ice cream at her husband’s inaugural ball (www.montplier.Org).  Dolce Gelateria, Italy’s leading ice cream brand has entered India by launching its range of premium Ice cream. Dolce Gelateria, through a tie –up with Chennai based Ramar International Inc., also launched the Italian Gelato machines, aimed at ice cream manufacturers to offers the Dolce - range for customers (Financial Express, 2005).

B. Classification of ice cream


The ‘Ice cream’ (originally iced cream) is a frozen dessert made from dairy products such as cream (or equivalents), combined with flavourings and sweeteners. This mixture is super cooled by stirring while reducing its temperature to prevent large ice crystals from forming traditionally, the temperature has been reduced by placing the ice cream mixture into a container that is immersed in a mixture of crushed ice and salt
(en.wikipedia.org)

 


According to Encyclopedia, ‘Ice cream’ sweet frozen dessert, made from milk fat and solids, sugar, flavouring, a stabilizer (usually gelatin) and sometimes eggs, fruits, nuts. The mix is churned at freezing temperature to attain a light smooth texture.

 


In the U.K the definition of ‘Ice cream’ is that it must contain 7.5 percent milk solids and 5 percent milk fat. Non-milk fat ice creams do not contain milk products.

 


Ice cream is defined by federal standards in the United States. It must contain not less than 10 percent milk fat and 20 percent total milk solids excepts in the case of bulky flavours. The weight of the fat and total milk solids shall not be less than 11 percent and 15 percent, stabilizer and emulsifier 0.3 percent and total solids 38.3 percent. (www.answers.com). 


 According to France (1993), the composition of ices are divided into different sorts like Plain ices, light ices and various preparations. The types of dairy that can be made and served directly from dispensing freezers are endless. There are literally hundreds of formulas for ice cream mixes, ranging from plain vanilla to parfait (an extremely rich mix, high in butter fat content and also containing fresh eggs). In addition there are mixes for custard sherbets, sorbets, soufflés and milkshakes. All of these products can be made in the standard of soft ice cream or milkshake dispensing freezer.

 


In the development of mixes, for products to be used and served directly from the freezer and eaten in the higher temperature range  was recognized that the same taste, flavour, sweetness and richness could be obtained by using smaller quantities of these ingredients. As a matter of fact smaller quantities were necessary to prevent the finished product from being too rich or sweet. However, because of these regulations concerning minimum quantities of butter fat for ice cream, the finished product cannot legally be called ice cream unless it contain minimum percentage of butterfat as shown for that state. Technically, it would be referred to as “Ice Milk” (bmcmana@org,2006).

The soft-serve industry is gradually discontinuing the use of the term ‘Ice Milk’ because it is not good descriptive phrase for the product. Also this term has resulted in the formation of general opinion that ice milk or soft-serve is an inferior product to ice cream. However both are complete food because they are composed of a mixture of fat, protein, carbohydrate, minerals and vitamins, but actually ice milk (soft –serve) is superior as a food because it contains lesser quantities of milk solids non-fat that are almost pure protein. Because ice milk is not a good descriptive term for this low-fat product, it is now common practice to refer to any semi frozen dairy product regardless of its fat content, served fresh from the freezer as ‘soft ice cream’ or  ‘soft serve’ (www. Sweedenfreezer com).

C. Science of ice cream

According to Langendroff (2004) Oscillation thermo-rheometry was used to underline the existence of the different microstructures in ice cream. Varying ice cream formulation illustrated the impact of each ingredient (i.e.) fat, protein and lipid emulsifiers and their interaction, on the establishment of different network.

Mnse et al, (2004) stated that fat destabilization, ice crystal size and the consistency coefficient of the mix were found to affect the melting rate of 

ice cream, whereas   hardness was influenced by ice phase volume, ice crystal size, overrun, fat destabilization and the rheological properties of the mix Kessler (1999). proved that experimental conditions reemphasize the importance of the hardening conditions as an influencing factor for the ice crystal size in ice cream. 

Fattiness and creaminess were highly correlated. Maltodexrin and polydextrose increased perceived fattiness and creaminess of fat free ice cream (Hyvonen et al, 2003). Exposure of ice cream in the frozen state to fluorescent light produces a unique composition of volatile aldehydes related to flavour deterioration induced by photo oxidation of the milk fat in ice cream (Shiota et al, 2004).

The technological influence on the ice recrystallisation in ice cream after the freezer outlet during the sensitive temperature range from the freezing point to - 8(C (Trgo et al, 1999). The difference between treated and untreated ice cream was not as apparent when the finished product was stored for 7days at -15(C rather than - 30(C (Chang, 1995).

Baer (1999) states that higher levels of emulsifiers increased whipping ability, but only polysorbate 80 blends and 70percent alpha monoglyceride increased whipping ability above that of the control. All emulsifiers improved the body and texture of low fat ice cream. He also reported that addition of either emulsifier to non-fat ice cream reduced the mean ice crystal size when compared with the control of gum, which is a major factor in improvement of the texture of nonfat ice cream. 

According to Zheng and Marshall (1997) as fat content in ice cream was increased, sensory quality improved and overall preference increased.

The HPLC data showed that the amount of free vanillin in ice cream was decreased when fat content increased (Heyman et al, 1997).

Factors reported to reduce shrinkage in ice cream were; factor that tended to produce large air cells and large ice crystals, use of caseinate as an ingredient, higher pasteurization temperature, use of corn syrup instead of cane sugar, reduced milk solids and sugar, higher draining temperature and use of mono and diglycerides with polysorbate 80 (White, 1997).

The non fat ice cream with 0.25 percent added  monoglyceride and diglyceride with 72 percent alpha monoglyceride content stabilizer over the control with respect to coarseness and iciness, coldness intensity, and overall body and texture scores( Kasperson, 1997).

Removing the fat from ice cream made it icier and more crumbly          with fewer visible air holes. (Roland et al, 1999). Creamy flavour increased as the fat content of the ice cream increased. Milk powder flavour increased as the fat content decreased, results showed lower fat ice cream for after taste, and corn syrup was more perceptible in the low fat ice cream samples (Kathryn et al, 1999). Nutritional and textural properties of butter and ice cream can be improved by modifying the diet of cows. (Keefe et al, 2003).

Altering the degree of unsaturation in milk fat affect melting characteristics and oxidation rates, leading to quality issues in dairy products (Gonzaley et al, 2003). According to Koxholt et al, (2001) the proof was provided that double stage homogenization is not necessary for fat content up to 10 percent.

The probiotic ice cream is a suitable vehicle for delivering beneficial microorganisms such as L.acidophilus and B.bifidum to consumers. The bacteria can grow to high number in ice cream mix and remain viable during storage (Hekmat et al, 1992).

It might be possible to design a pasteurize Microfluidizer ® system that would inactivate most bacterial spores in dairy goods without the extreme heat treatment currently required in commercial processing operations (Feijoo et al, 1997). Ice cream made with the chymosin treated mix had increased hardness, smoothness, cohesiveness, mouth coating and mouth drying characteristics (Marshall et al, 1995).

The protein and lactose values were affected by replacing different levels of ultra filtration retenate in ice cream mixes. The ice cream made with substitution of SNF (solid nonfat) with ultra filtrate retentate had higher flavour, body and texture scores than that made with whey protein concentrate (Lee et al, 1991).

According to Briggs et al, (1996) Chocolate was higher than the yield stress of vanilla ice cream. Also, yield stresses decreases as temperature increased. Yield stress and temperature were highly correlated in the higher fat ice cream; the lower fat brand did not show a strong correlation.

The influence of stabilizer on ice crystals on ice crystals size in ice cream above its glass transition temperature was postulated to be a function of the kinetic properties of the freeze concentrated viscous elastic liquid surrounding the ice crystal (Goff et al, 1993)

Flores (1999) resulted that stabilizer did not directly affect initial ice crystal size distribution for any of the model solution for ice cream. Most of the differences observed were explained by the different amount of air incorporate affecting the microstructure or the reduction of ice content according to the amount and type of ingredients. Flores (1999) reported that temperature cycles (-15( 5(C) of samples after hardening (-30(C) had an even greater effect than did storage at a high constant temperature (-16(C).

Recrystallisation rate did not depend uniformly on the difference between storage temperature and apparent glass transition temperature for all ice creams, specific effects of sweetener and stabilizer were observed. Stabilizer generally inhibited recrystallisation but some samples showed greater effects than others (Hagiwara et al, 1996).

According to Phillips (1999) 10 percent fat samples of ice cream took longer to melt and were softer than the 7 percent fat samples. Removing the fat from ice cream made it icier and more crumbly with fewer visible air holes. 

When ice cream is shipped from one altitude to another a change in atmospheric pressure can contribute to shrinkage of the product. Small air cells, heat shock, high overrun, small ice crystals, improper blending of ingredients and a wide range of temperature changes during storage are some causes of shrinkage in ice cream (Dubey, 1997). 

The response surface indicated that level of sugar had a greater effect on all hedonic measures than did fat (Guinard et al, 1996). Goff (1999) also experimented to calculate the holding times of ice cream mixes in the tubes of HTST pasteurizes, accurate viscosity data are needed for the temperature and the shear rate of interest. Apparent viscosity was determined in ice cream mix at 80(C using shear rate sweeps in Carrie –Med rheometer.

 
According Prindiville et al, (1999) data showed that ice cream containing higher milk fat concentration are better protected against                heat shock damage in terms of cocoa flavour and smoothness of texture. 

Low fat ice cream made from freezer concentrated non fat milk solids would be smoother, firmer, slower to melt, lower in cooked flavour and higher in vanilla flavour than low fat ice cream made from heat concentrated non fat milk solids (Garcia et al, 1995).

Overall, Carrageenan and locust bean gum were most effective in retarding ice crystal growth, but not in all cases. Xanthum gum and gelatin retarded ice recrystallization only at -15(C and when combined with sucrose or high fructose corn syrup ( Livney et al,1997).

D. Properties and functions of ingredients used in ice cream

1. Health benefits of oats

Boston (1999), oats are a great source of carbohydrates, which provide calories for energy use. Oats contain beta-glucan, which lowers cholesterol found by researches from Tufts University. As recorded in American journal of preventive medicine (2001), researches reported that eating a bowl of oatmeal speeds up the blood flow that is showed after eating a high fat meal.

Oats are also high in vitamin B1, B2 and D, as stated by Mitchell in the article, “Oats not just for breakfast anymore. According to Zhang et al, (2005) the oat based symbiotic beverage is a functional drink providing both probiotics and prebiotics at the same time. 

According to Lee et al, (2004) increased substitution with nutrim oat bran caused an increase in the measure sheer viscosity and oscillatory storage and loss module of the cakes. American Dietetics Association (2004) states that overall eating plan, including oats and other high fiber foods, along with less fat (especially saturated fat), offers the greatest health benefits. 


According to American Dietetics Association, (2006) after participating in National Cholesterol Education Program (NCEP) were six week diet was provided, by giving oat / milk group and oat  / soy group. The result showed, total cholesterol and LDL levels were further reduced for the oats/ milk group and the oats soy group.

 
Eating three grams a day of soluble fiber from oats shown to lower blood cholesterol levels. The researches note that the treatment of coeliac disease require lifelong adherence to a strict gluten free diet which hitherto has consisted of a diet free of wheat, rye, barely and oats. However they note that recent studies mainly in adults have indicated that oats are non toxic to coeliac disease patients (Hollen, 2006).

Oats are important source of dietary fiber. Soluble fiber, β-glucan was a means to lower cholesterol. Insoluble fiber serve as effective laxatives, they also help dilute carcinogens in the gastro intestinal tract, which aids in prevention of colon cancer (www.namamillers.org).

Oats have been associated with regulating thyroid and soothing the nervous and digestive systems (Chelsea, 2005). Oats and other whole grains have been linked to protection against Atherosclerosis, Ischemic stroke, Diabetes, insulin resistance and premature death (American journal of clinical nutrition, 2004). Oats have low glycemic index, which means they are slowly absorbed into the blood stream; keeping blood sugar levels stable (www. hgca.com).

The large difference in molecular weight distribution for (- glucan    in different oat products very likely to be of nutritional requirements           (Aman et al, 2004). A good source of soluble fiber, oats are well known            for their heart healthy benefits, which include lowering blood cholesterol. The plant substance in oats may help central blood pressure even body weight (Duyff, 2005).

 


Fiber helps your body stays healthy and may prevent heart               disease. Soluble fiber, which is found in oats, may help prevent heart          disease by lowering LDL or bad cholesterol levels (American Dietetics Association, 2005). Oatmeal, oat bran and whole oat products are some of the best sources of soluble fiber, which help to reduce total cholesterol, along with LDL or had cholesterol. In addition to reducing the risk of heart disease, oat fiber can help control blood sugar too (Wiley, 2004).

 

2. Stabilizer

 
A stabilizer is an addition ensuring the stability of a drug, i.e. the capacity of a drug to maintain certain qualitative features at specified limits for a certain period of time and under specified conditions (www.zentive.cz).

 


Stabilizer, a chemical that is added to a solution or mixture or suspension to maintain it in a stable or unchanging state (www.wordnet). Common stabilizers used are carboxy methyl cellulose, alginate, carrageen, guar gum, xanthan gum,  agar  agar.

2.1 Xanthan Gum

 
Xanthan gum is a microbial desiccation resistant polymer prepared commercially by aerobic submerged fermentation from xanthomonas campestrus.

 


It is mainly considered to be non-gelling and used for the control of viscosity due to the tenuous associations endowing it with weak gel shear thinning properties. It hydrates rapidly in cold water without humping to give a reliable viscosity, encouraging it as thickener, stabilizer, and emulsifier and foaming agent (www.Islec.ac uk).

 

2.2 Guar  Gum

 
Guar gum also called guaram is extracted form the seed of the leguminous shrub Cyamopsis  tetragonoloba, where it acts as a food and water store.

 


Guar gum is an economical thickener and stabilizer. It hydrates                fairly rapidly in cold water to give highly viscous pseudoplastic solutions           of generally greater low shear viscosity when compared with                          other hydrocolloids and much greater than that of locust bean gym.                 Guar gum shows high low shear viscosity but is strongly shear thinning (www.Ishe.ac.uk).

 

2.3 Sodium Carboxymethyl Cellulose

 
The product is the sodium salt of a carboxymethyl ether of cellulose which has been partially hydrolyzed by enzymatic treatment with food-grade Trichoderma reesei cellulose.

 


CMC is the trade name for carboxymethyl cellulose, sodium partially enzymatically hydrolyzed. The functional uses are Carrier, glazing agent, stabilizer and thickener (www fao.org).

 2.4 Agar  Agar

 
Agar is a galactose polymer (or agarose) obtained from the cell             walls of some species of red algae or seaweed ( sphaerococcus enchema)        and species of Gelidium and Gracilaria, chiefly from Eastern Asia, Chile          and California. It is also known as Kanten, Agar Agar, or Agal Agal          (Ceylon Agar).

 
One of the fad diets in Asia was Kanten diet. Once injested Kanten triples in size and absorbs water, this result in consumer fell more full. Recently Kanten diet has received some press coverage in the U.S as well. The diet has shown promise in obesity studies, but it should be noted that agar/Kanten has virtually no nutritional value. It is approximately 80percent fiber, so part of the diets effectiveness may result of its working as a laxative (wikipedia.org).

 

2.5 Algimates
 
Alginic acid (algine, alginate ) is a viscous gum that is abundant in the cell walls  of brown algae. Commercial alginate are extracted from seaweed, including the giant help macrocystics pyrifera, ascophyllum nodosum and various types of laminaria (www.answers.com).

 

3. Emulsifier


Emulsifier is an additive that promotes the formation of a stable mixture, or emulsion of oil and water. Common emulsifiers are metallic soaps, certain animal and vegetable oils and various polar compounds

(www.Havoline.com).

 


Emulsifier is a substance that disperses due ingredient into another         in which it around not ordinarily dissolve. An emulsifier hinds water         with oily humectants and emollients so that the texture of the product                is smooth. Common ones are beeswax, vegetable wax, TEA lauryl             sulfate, cetearyl alcohol, glyceryl monosterate, stearic acid and choleth 24 (www.magnoliespa.com).


An emulsifier is an additive that produces a stable mixture of good component; oils, fats, water, air, carbohydrates, protein, minerals, vitamins and flavours. Emulsifier blend the ingredient of the mixture and prevent them separating during processing (www.Foodprocessing-technology.com).

3.1 Glyeceryl Monostearate (Gms)

GMS is a lipophilic non ionic surfactant with HLB of 3.6 - 4.2. It has an effects of emulsification, dispersion foaming, defoaming, starch anti-aging and fat agglomeration control.

GMS is used as an ingredient in food products. The most widely and in the largest quantities it is used in food stuff industry. It is used to keep bakery goods fresh. Improve flour quality and as an emulsifying and whopping agent for ready–to–eat-products. It is also used in ice cream formulations starch products, milk products, chewing gum chocolate and other goods. It also serves as a softer in textiles and as exteranual lubricants for plastics (www.greatvistachemical.com).

 3.2. Vegetable Wax: -

Hundred percent vegetable wax available in a container blend and pillar blend. The container blend contains a higher percentage of soy wax which is noticeable in the colour (off white/yellowish), texture and smell. Although the pillar blend also contains soy wax, it is closer to the appearance, smell and burning characteristics of palm vegetable wax but has a smoother and less crystalline finish (www wicks.com).
4. Skimmed Milk

Milk is often called the complete liquid food because it supplies essential nutrients including fat, protein, carbohydrate (lactose),         calcium, minerals and vitamins. It is an indispensable part of an infant       diet, and rightly so.When part or all of the cream has been removed from milk, the milk is referred to as skimmed milk. Cheese made from such milk generally has a lower fat content than average, some are quite pronounced in taste but not all. Skimmed milk is rich in calcium and vitamin B12 or cyanocobalamin (www.e-cookbooks.net)

 5. Fructose

It is a simple carbohydrate widely distributed in organism, plant and animals. It can be found in fruit juices, honey and sugarcane. Fructose is 80 percent sweeter than fructose and therefore less is needed. It is advantageous to a diabetic and slimmer is that the fructose passes more quickly in solution from the stomach to the gut and has less effect on blood glucose insulin levels (www.1st for health.com)

Fructose or levulose is main type of sugar found in fruit, sweeter than sucrose and has low glycemic index. Eating fructose won’t cause nearly as a dramatic a release of insulin as glucose (www.nutros.com).

6. Flavours
An essential requirement of ice cream product is that they taste appealing. The flavour used in ice cream are usually a solution of aroma and taste compounds. Some flavour molecule are fat soluble, whereas others are water soluble. Important flavours are vanilla, chocolate and strawberry. Vanilla is the most popular one (www.idfa.org). 

Ice cream sample shows the presence of permitted synthetic colours below the permissible level of 100 pm established by the prevention of food Adulteration Act of India (Tripathi et al, 2005).

The incorporation of ginger juice at four percent rate is advocated in manufacture of Ice cream having superior flavour characteristics over vanilla ice cream (Pinto et al, 2005).

 

 

 

 

III METHODOLOGY
  

The procedure followed for the study on “Development and Acceptance of Low Fat Low Calorie Ice Cream” is described under the following headings

 

A. Selection of area and collection of data.

B. Formulation of low fat low calorie ice cream.

C. Development of low fat low calorie ice cream.

D. Standardization of low fat low calorie ice cream.

E. Sensory evaluation.

F. Estimation of various nutrients for the low fat low calorie ice cream.

G. Acceptability of the low fat low calorie ice cream.

 

A. Selection of area and collection of data: 

The present study was carried out in Coimbatore city, the investigator conducted a market survey in ten ice cream parlours and five departmental stores to find whether any of the parlours had a product of low fat and low calorie ice cream. With information obtained the investigator carried out the study at saradalaya canteen, in Avinashilingam Deemed University Coimbatore, since this canteen has softy ice cream machine. 

B. Formulation of low fat low calorie ice cream.

The data obtained from the market survey the investigator selected the ingredients that are low in fat and calorie and formulated the low fat and low calorie ice cream using ingredients at the different percentages. The variables were oats in the form of flakes and powder, whereas all other ingredients like skimmed milk, fructose, water, emulsifier, stabilizer, colours and flavours are identical.
· Major ingredients:
For the study the investigator selected major ingredients for the preparation are oats, skimmed milk, fructose, water. Compared with other grains, oats have one of the highest concentrations of protein, calcium, iron, magnesium, zinc, manganese, thiamine, folacin and vitamin E on a per gram basis (Quaker Oats Company, 2005).

Skimmed milk is not less nutritious than whole milk. Skimmed milk has the same fifteen essential nutrients; in the same amount as whole milk. The only difference is that skim milk has virtually no fat and fewer calories than whole milk (www.springerboard.com).

Fructose is 80 percent sweeter than sucrose (www.1stforhealth.com). Fructose serves as raw materials for the synthesis of organic compounds. Hence Fructose serves as energy source, structural material and starting point for other organic compounds.

 

· Minor ingredients:


Emulsifier, stabilizer, colours and flavours are used in less than about one percent by weight.  The variations with different percentage are given in Appendix II.

 

C. Development of low fat low calorie ice cream
The primary step in the manufacturer of low fat low calorie ice cream was the preparation of mix. The mixing process was designed to blend together, disperse and hydrate (dissolve) the ingredient in the minimum time with optimal energy usage. The ingredient must be dosed in accurate amounts in a particular order to achieve optimum and consistent mix quality and maximum utilization of the ingredients.
Ingredients used for low fat and low calorie ice cream are oats, skimmed milk, fructose, stabilizer, emulsifier, colour and flavour. The proportions of ingredients used in one liter of liquid.

             Step 1: Half a liter of skimmed milk was used, half a liter of water along with it to make a liter of liquid. To that 250 grams of oat flakes, 200 grams of fructose, 0.25 grams of emulsifier stabilizer and required flavour and colour are added to it.
              Step 2: Seventy to ninety five percent of water was incorporated to oat flakes to produce moisture, and then the mixture was slowly heated with constant agitation for about 100° - 110°c and held till the raw flavour was droved away .The pasteurization step was done to reduce the number of viable microorganism to a level that was safe for human consumption. Then mixture was brought to room temperature.
               Step 3: Sweetening, flavouring and optimal ingredients are added and sufficient liquefying agents to produce total moisture content which are cooled and mixed together.
                Step 4: Then the mix are homogenized at 65°c. Homogenization is to break the fat particles down into many droplets. After homogenizing the mix are cooled to room temperature. Cooling inhibits microbial growth and prepares the mix for ageing. Ageing is designed to minimize the exposure of mix to atmosphere and to other source of contamination.    
                Step 5: Ageing is a process in which homogenized mix was held at 0-40 C for eight hours during which some of fat crystallizes and some of the protein coatings on the fat droplets are replaced by emulsifiers. This process was carried out in the softy ice cream machine.

                 Step 6: Last step was freezing which was the core of manufacturing process. The freezer converts mix into ice cream. Recipe for the developed low fat low calorie ice cream is described in Appendix I.  
 
D. Standardization of the low fat low calorie ice cream: 
Standardization involves repeated testing with alteration of the ingredients till the best of the product was obtained. Fructose is used as a basic sugar component in all variations whereas oats as a varied component in both texture and amounts. Standardize means to cause to conform to standardize and to evaluate by comparing with a standard.

       A standardized recipe that has been tested and results in a consistent product each time. Advantages of using standardize recipe are quality control, portion control, no substitutions, cost control, time savings, inventory control, consistent results. A recipe is considered standardized recipe only after it has been tried and evaluated for quality, and any necessary adaptations (www.foodsci.uoguelph.ca). 

 

E. Sensory evaluation:

Six variation like oat flakes and skimmed milk, oats powder and skimmed milk, combination of oats plus skimmed milk powder in the ratio of 30:250 and similarly oat flakes and skimmed milk, oats powder and skimmed milk, combination of oats plus skimmed milk powder in the ratio of 50:250 with fructose as a basic sugar component for all variations. Proportion of ingredients used in different variations is given in Appendix II.

When the quality of a food product is assessed by means of human sensory organs, the evaluation is said to be sensory or subjective or organoleptive. Every time food was eaten and the judgment was made. Reason for testing food quality is to know the consumers preference, effect of variations in processing on quality, to detect the presence of off quality.

A pre test as sensory evaluation was conducted to evaluate the appearance, texture, flavour, mouth feeling and melting quality of the recipes. The panel judges using scorecard with five-point hedonic scale scored them.
Staffs members from the faculty of Home Science of Avinashilingam Deemed University, Coimbatore, were selected as a panel judges because these panel members had a wide knowledge of food science. Six variations were tried and one out of six had been chosen to be the best by ten panel members for the study. 
           The five point hedonic scale was used to find out the acceptability of the low fat low calorie ice cream with the attributes like appearance, texture, flavour, taste and melting point. Hedonic rating relates to pleasurable or unpleasurable experiences. The hedonic rating test was used to measure the consumer acceptability of food product ranging from ‘excellent’ to ‘poor’ (Srilakshmi, 2005).  The Hedonic rating scale was given in the Appendix III.

 

F. Estimation of various nutrients for the low fat low calorie ice cream

 
The low fat low calorie ice cream had been analyzed for various nutrients like carbohydrate, fat, protein, fiber, calcium and ash. Simultaneously normal ice cream was prepared and analyzed for the same nutrients. 

Table I

Nutrient analysis for the low fat low calorie ice cream

	Nutrient
	Method adopted

	Carbohydrate
	Anthrone method

	Protein 
	Macrokjeldhal method

	Fat 
	Volumetric Gerber’s method

	Calcium
	NIN method

	Ash
	AOAC method


 


The normal ice cream and developed low fat and low calorie ice cream are compared and analyzed with nutritive value. Hence to prove that low fat low calorie ice cream ice cream was low in fat and calorie.
Converting carbohydrate, protein and fat values per 100 grams to appropriate caloric values, the energy value was calculated for the low fat low calorie ice cream and normal ice cream (1 gram of carbohydrate is equal to 4 kilocalories, 1 gram of protein is equal to 4 kilocalories, and similarly 1 gram of fat is equal to 9 kilocalories). The detailed procedure followed for the estimation of carbohydrate, fat, protein, ash, calcium, fiber was shown in Appendix V, VI, VII, VIII, IX and X.

G.      Acceptability of the low fat low calorie ice cream.
1. Selection of the subjects:

The study was aimed to standardize a product and find out its acceptance. In order to find the acceptance of the product a study has been conducted in Coimbatore city among the school going, adolescents and young adults of both sexes fifty subjects respectively and a total of 150 subjects were selected for the acceptability.(Plate I)

Subjects were selected by Convenience sampling method, in which subjects are selected according to convenience of the investigator such as nearness, easy availability of data etc. 
 2. Tools used for data collection: 

For finding the acceptance of the product, following tools like questionnaire and interview method was used. The low fat low calorie ice cream ice cream was distributed to the selected subjects for tasting with the five point hedonic rating scale. Then the selected subjects were requested to fill the questionnaire (Shown in the Appendix  IV).
According to Kothari (2004) the tool questionnaire is when it is sent to a respondent for completion and return.  Along with questionnaire the product was sensory evaluated with score card. Same questionnaire was used to collect the information from school going children by interview method.  The collected data was analyzed and interpreted.
IV RESULTS AND DISCUSSION
The findings of the study on the “Development and acceptance of low fat low calorie ice cream” are discussed under the following headings:

A. Availability of low fat low calorie ice cream in the market

B. Development of  low fat low calorie ice cream

C. Comparison of attributes of ice cream using a varied percentage of major ingredients

D. Standardization of low fat low calorie ice cream

E. Comparison of low fat low calorie ice cream with normal ice cream
F. Acceptability of low fat low calorie ice cream by trial method

 

A. Availability of low fat low calorie ice cream in the market
The data was collected by conducting a market survey in ten ice cream parlours and five departmental stores to find the availability of low fat low calorie ice cream in Coimbatore city, by interview method. 

 

From the information obtained it was evident that none of the ice cream parlours and departmental stores provide low fat low calorie ice cream. The common ice cream prepared were Vanilla, Chocolate, Strawberry, Pista, and Butterscotch etc. Ten ice cream parlours and five departmental stores use different stabilizers like carboxyl methyl cellulose, alginate, carrageenan, guargum, xanthan gum, agar agar and emulsifier like glyceryl monosterate, stearic acid, vegetable wax etc was used for their  preparation.

 
B. Development of low fat low calorie ice cream
The investigator provoked to develop six variations which was prepared in the laboratory with the major ingredients at various proportion(Shown in plateII). Oats was the prime and major ingredient that was used in varied proportion whereas other ingredients like fructose, water, stabilizer, emulsifier, and essence were identical. Proportion of ingredients used in different variations are given in Appendix II.

Different percentage of incorporation of oats is tabulated in Table II, III, IV, V, VI and VII.

TABLE – II
VARIATION I: 30% OAT FLAKES Vs SKIMMED MILK
	Ingredients
	Percent

	Oat flakes
	9.3%

	Fructose
	12.4%

	Skimmed milk
	38.7%

	Water
	38.7%

	Stabilizer
	0.07%

	Emulsifier
	0.07%

	Essence
	0.67%

	Salt
	0.09%

	Total
	100%


 

Table II shows that nine per cent of oat flakes, 12 per cent of fructose were used as a sweetening agent, 39 percent of skimmed milk and equal proportion of water (39 percent) was also used for mixing. Apart from this 0.07 percent of stabilizer and emulsifier was used. 0.09 percent of salt and 0.67 percent of essence was used as a flavouring agent. Consistency of variation I was better compared to other variations.
One part of skimmed milk powder was added to five parts of water by volume to prepare skimmed milk, which was used as a base for preparing ice cream. The procedure followed to prepare ice cream was given in the Appendix I. The purpose of using oats was it contains beta-glucan, which lowers cholesterol and blood pressure (Boston, 1999). Compared with other grains, oats provide higher concentration of well balanced protein (www.namamilllers.org). 

Table III shows the variation of 50 percent oat flakes in the preparation.

TABLE – III
VARIATION II: 50%OAT FLAKES Vs SKIMMED MILK
	Ingredients
	Percent

	Oat flakes
	14.6%

	Fructose
	11.6%

	Skimmed milk
	36.5%

	Water
	36.5%

	Stabilizer
	0.07%

	Emulsifier
	0.07%

	Essence
	0.58%

	Salt
	0.08%

	Total
	100%


 

From the above Table III it was evident that 15 percent of oat flakes, 12 percent of fructose, 37 percent of skimmed milk and equal proportion of water (37 percent) was used. Stabilizer, emulsifier and essence were used. Consistency of variation II was similar to normal ice cream with nuts.

 Yale (2001), reported eating a bowl of oatmeal speeds up blood flow that is slowed after high fat meal. Oats are important source of both soluble (55 percent) and insoluble (45 percent) dietary fiber (North America Miller’s Association, 2004). Due to this fact the oat flakes amount was increased to 50 percent.

Thirty percent incorporation of oats powder is given in Table IV.

TABLE – IV
VARIATION III: 30%OATS POWDER Vs SKIMMED MILK
	Ingredients
	Percent

	Oats powder
	9.3%

	Fructose
	12.4%

	Skimmed milk
	38.7%

	Water
	38.7%

	Stabilizer
	0.07%

	Emulsifier
	0.07%

	Essence
	0.67%

	Salt
	0.09%

	Total
	100%


 

From the Table IV it was clear that nine percent of oats powder, 12 percent of fructose, 39 percent of skimmed milk as base and equal amount of water (39 percent) was used to give body to the ice cream. Emulsifier, stabilizer, flavour, essence and salt were used in fewer amounts. Consistency of variation III was sticky in nature.
Table V depicits the 50 percent incorporation of oats powder. 

TABLE – V

VARIATION IV: 50% OATS POWDER Vs SKIMMED MILK

	Ingredients
	Percent

	Oats powder
	14.6%

	Fructose
	11.6%

	Skimmed milk
	36.5%

	Water
	36.5%

	Stabilizer
	0.07%

	Emulsifier
	0.07%

	Essence
	0.58%

	Salt
	0.08%

	Total
	100%


 

Table V reveals that 15 percent of oats powder was used, 12 percent of fructose as sweetening agent, 37 percent of skimmed milk and equal proportion of (37 percent) of water was used. Apart from this 0.07 percent of stabilizer and emulsifier, 0.08 percent of salt and 0.58 percent of essence were used as a flavouring agent. Consistency of variation IV was too sticky in nature compared to variation III.

Oats found to significantly lower persons risk of obesity, type II diabetes and cardio vascular disease (www.whfoods.com).

Combination of 30 percent oats powder and oat flakes is shown in Table VI.

TABLE – VI
VARIATION V: 30% COMBINATION OF OATS Vs SKIMMED MILK
	Ingredients
	Percent

	Oats

(Powder15 g + flakes 15g)
	9.3%

	Fructose
	12.4%

	Skimmed milk
	38.7%

	Water
	38.7%

	Stabilizer
	0.07%

	Emulsifier
	0.07%

	Essence
	0.67%

	Salt
	0.09%

	Total
	100%


 

From Table VI it was evident that nine percent of oats was used [in the form of flakes (50 percent) and powder (50 percent)], 12 percent of fructose was used as sweetening agent, 39 percent of skimmed milk and water (39 percent) of equal proportion was used. While 0.07 percent of emulsifier, stabilizer and 0.09 percent of salt. 0.67 percent of essence was used as a flavouring agent. Consistency of variation V was viscous in nature.

 

Oats have low glycemic index, which means they are slowly observed into blood stream, keeping blood sugar level stable (www.hgce.com).
Fifty percent incorporation of oats powder and oat flakes is elicit in Table VII.

TABLE – VII

VARIATION VI: 50% COMBINATION OF OATS Vs SKIMMED MILK
	Ingredients
	Percent

	Oats

(Powder 25g + Flakes 25g)
	14.6%

	Fructose
	11.6%

	Skimmed milk
	36.5%

	Water
	36.5%

	Stabilizer
	0.07%

	Emulsifier
	0.07%

	Essence
	0.58%

	Salt
	0.08%

	Total
	100%


 

            Table VII reveals that 15 percent of oats was used [in the form of flakes (50 percent) and powder (50 percent)], 12 percent of fructose was  used as a sweetening agent, 37 percent of skimmed milk and equal proportion  (37 percent) of water was used, while 0.07 percent of stabilizer, emulsifier. 0.08 percent of salt and 0.58 percent of essence was used as a flavouring agent. Consistency of variation VI was more viscous compared to       variation VI.

 

C. Comparison of attributes of ice cream using a varied percentage of major ingredients
Oats was used in three different ways like oat flakes, oats powder and combination of oats. Incase of variations I and II oat flakes and was used. Oat flakes are soaked in water for a while and drained to remove carbohydrate present in it. Incase of variations III and IV the oats are grounded into fine powder and used, whereas in variation V and VI combination of oat flakes and powder was used. In all the six variations amount of oats varied by 30 and 50 percent respectively.

Table VIII and figures out the scores given by the panel members.

TABLE – VIII
SCORES FOR DIFFERENT VARIATIONS GIVEN BY PANEL MEMBERS
	Types of Variation
	Appearance
	Flavour
	Texture
	Taste
	Average scores
	Percent  scores

	Variation I 
	36
	40
	26
	40
	35.5
	71%

	Variation II 
	46
	34
	30
	42
	38
	76%

	Variation III 
	36
	30
	40
	20
	31.5
	63%

	Variation IV 
	30
	30
	40
	30
	32.5
	65%

	Variation V
	46
	24
	30
	20
	30
	60%

	Variation VI 
	34
	24
	15
	40
	28.3
	56.6%


 

            Table VIII and figures 1,2, 3 and 4 reveals that variation II was found to be the best product chosen by the panel members. It has been chosen to be the best because it has got highest scores for all the attributes of ice cream. Eighty four percent for taste, 60 percent for texture, 68 percent for flavour and 92 percent for appearance respectively. Similarly 80 percent for taste, 30 percent for texture, 48 percent for flavour and 68 percent for appearance in  variation VI which was scored best.
One scoop of ice cream weighs 50 ml. Ice cream mix increase in volume after cooked. Two hundred and fifty ml net volume of ice cream after cooked approximately weighs 345ml. Forty eight percent of dairy industry uses total imported vanilla because of highest preference of vanilla flavour. Hence for all the variations  prepared vanilla flavour was used.

D. Standardization of the Low Fat Low Calorie Ice Cream
According to standardization procedure repeated testing was done with alteration of ingredients by keeping fructose as a common sugar component and variations with oats was done. From six variations, variation I and II with oat flakes Vs skimmed milk, variation III and IV with oats powder Vs skimmed milk, variation V and VI with combination of oats (powder plus flakes) Vs skimmed milk of various proportions was tried. 

 

Out of six variations, variation II was selected to be best product by the panel members because it had no significant difference from normal ice cream and it had a good mouth feel too.

 

E.  Comparison of Low Fat Low Calorie Ice Cream with Normal Ice Cream
The developed ice cream sample was analyzed for carbohydrate, protein, fat, fiber, calcium and ash in the laboratory. 

 

Moisture and ash content were determined by AOAC (1985) procedures. Carbohydrate estimation was determined Anthrone method Sadasivam and Manickam (1996). The amount of protein present was estimated by Macrokjeldhal’s method. Fat was estimated by Volumetric Gerber’s method. Fibre estimation was carried out by AOAC (2000) procedure. Calcium was estimated based on NIN method (2003). Procedures are described in the Appendix V, VI, VII, VIII, IX and X.

1. Nutritive Value for the Low Fat Low Calorie Ice Cream

Table IX and figure 5 shows the nutritive value for the developed low fat low calorie ice cream since the nutrient analysis is an important indicator of the developed product.
TABLE – IX

NUTRITIVE VALUE FOR THE LOW FAT LOW CALORIE ICE CREAM 

	 Nutrients / 100 gm
	Result
	One scoop

	Carbohydrate                    (gm)
	22.33 
	11.2

	Protein                              (gm)
	6.18 
	3.1

	Fat                                     (gm)
	1.3 
	0.65

	Calcium                            (gm)
	0.17 
	0.09

	Crude fiber                       (gm)
	0.77 
	0.37

	Ash                                   (gm)
	0.71 
	0.36

	Loss on drying at 1050C  (gm)
	64.38 
	31.2


 

Table IX reveals the nutritive value for low fat low calorie ice cream shows carbohydrate value to be 22 gm, protein 6 gm, fat 1.3 gm, calcium 0.17 gm, crude fiber 0.77 gm, ash 0.71 gm respectively. Developed product contains less amount of fat and fair amount of fiber because of the addition of oats.

 

2. Nutritive value for the normal ice cream

In the preparation of normal ice cream ingredients like whole milk 250ml, cream 100ml, sugar 100ml, emulsifier, stabilizer and colours are used. Nutritive value for the normal ice cream is shown in Table X.
TABLE – X
NUTRITIVE VALUE FOR THE NORMAL ICE CREAM
	 Nutrient / 100 gm
	Result
	One scoop

	Carbohydrate                    (gm)
	33.59 
	16.8

	Protein                              (gm)
	7.45 
	3.7

	Fat                                     (gm)
	3.29 
	1.6

	Calcium                            (gm)
	0.47 
	0.23

	Crude fiber                       (gm)
	0.71 
	0.4

	Ash                                   (gm)
	0.95 
	0.5

	Loss on drying at 1050C  (gm)
	53.95 
	27


 

Table X reveals the nutritive value for normal ice cream that shows carbohydrate value to be 34 gm, protein 7.5 gm, fat 3 gm, calcium 0.47 gm, crude fiber 0.71 gm, ash 0.95 gm respectively. In the preparation of normal ice cream, whole milk, cream, sugar, stabilizer, emulsifier has been used.

 

3. Comparison of proximate principle for the low fat low calorie ice cream with normal ice cream
Converting carbohydrate, protein and fat values per 100 grams to appropriate caloric values calculated the energy value for the low fat low calorie ice cream. (1 gram of carbohydrate is equal to 4 kilocalories, 1 gram of protein is equal to 4 kilocalories, and similarly 1 gram of fat is equal to 9 kilocalories). Table XI and figure 6 depict the energy distribution from proximate principle.
TABLE XI
COMPARISON OF PROXIMATE PRINCIPLES FOR THE LOW FAT LOW CALORIE ICE CREAM WITH NORMAL ICE CREAM

	Proximate Principle
	Low Fat Low Calorie Ice Cream
	Normal Ice Cream

	Carbohydrate
	89 calories
	134 calories

	Protein 
	25 calories
	30 calories

	Fat
	12 calories
	30 calories


 

The percent of energy distribution from proximate principles is shown 

in figure 6. Figure 6 indicates that the distribution of energy for the developed low fat low calorie ice cream in the order of CHO, Protein and fat. When distribution of energy was compared with normal ice cream the order of carbohydrate was high, protein and fat was same.
F. ACCEPTABILITY OF low fat low calorie ice cream BY TRIAL METHOD
1. Distribution of selected subjects according to age and sex:
Details of the age and sex of the selected subjects are furnished in Table XII.
TABLE – XII

DISTRIBUTION OF SELECTED SUBJECTS ACCORDING TO AGE AND SEX
	 Age in years
	Male (75)
	Female (75)

	
	Number
	Percent
	Number
	Percent

	10 - 17
	25
	33.3%
	25
	33.3%

	18- 25
	25
	33.3%
	25
	33.3%

	26 - 33
	25
	33.3%
	25
	33.3%

	TOTAL
	75
	100%
	75
	100%


 

            Table XII reveals selected subjects are from various schools, colleges and banks because these areas was easily accessed by the investigator and co-operation was rendered by the authorities.

In 10 – 17 years twenty-five boys and twenty five girls are selected from different classes. In the 18 –25 years twenty five males and twenty five females of Under Graduates students from two colleges were selected. In the age group of 26 – 33, twenty five males and twenty five females from Post Graduates students and Office going have been selected for the study.

 

2. Consumption pattern of milk and milk products among the selected 
    subjects

Consumption pattern of milk and milk products among the selected subjects is shown in the Table XIII.

TABLE – XIII
CONSUMPTION PATTERN OF MILK AND MILK PRODUCTS AMONG THE SELECTED SUBJECTS
	Milk and milk products
	Daily
	Weekly once
	Monthly
	Rarely

	
	Number
	Percent
	Number
	Percent
	Number
	Percent
	Number
	Percent

	Milk
	143
	95.3%
	1
	0.67%
	2
	1.33%
	4
	2.7%

	Ice cream
	88
	58.6%
	9
	6%
	49
	32.6%
	4
	2.6%

	Milk sweet
	29
	19.3%
	35
	23.3%
	77
	51.3%
	9
	6%

	Milk chocolate
	64
	42.6%
	39
	26%
	31
	20.6%
	16
	10.6%

	Milk shakes
	26
	17.3%
	14
	9.3%
	57
	38%
	53
	35.3%


 
From Table XIII it was evident that milk was consumed daily by 95 percent of subjects, three percent consumed it rarely; very few consume it monthly and weekly once. Consumption of milk in various countries per capita was Romania with 163 liters, United States with 98.2, Canada with 85.6, India with 32.3 and China with 7.7 liters (Canadian Dairy Information, 2004).

 

Ice cream was liked and consumed by 59 percent of subjects daily, six percents of them consume it weekly once, 33 percent consumed it monthly and 26 percent subjects consume it rarely. Among school going boys and girls the consumption pattern of ice cream was very high.

Milk sweets were consumed by 19 percent daily, 23 percent consumed weekly once, 51 percent consumed it monthly and six percent consumed it rarely. 

Milk chocolate was preferred by 43 percent of subjects daily and 26 percent consumed it weekly once while 21 percent consumed monthly and 11 percent consumed it rarely. 
Similarly, milk shakes were consumed daily by 17 percent, 9 percent consumed it weekly, 38 percent consumed it monthly and 35 percent consumed it rarely. All the selected 150 subjects agreed ice cream as a healthy dessert.

3. Consumption pattern of ice cream

Consumption pattern of ice cream is shown in the Table XIV.
TABLE – XIV
FREQUENCY OF CONSUMPTION OF ICE CREAM AMONG SELECTED SUBJECTS
	 Frequency of consumption 
	Number
	Percent 

	Weekly once
	97
	74%

	Alternate weeks
	4
	10.6%

	Monthly once
	49
	15.3%

	TOTAL
	150
	100%


 

            Table XIV indicates frequency consumption of ice cream, it shows that 74 percent of subject consumed ice cream weekly once, 11 percent consume alternate weeks and remaining 15 percent consumed monthly once.

 

            World consumption data on consuming ice cream, New Zealand tops with 26.3 liter per capital while Japan scores least with 0.01 liter per capita (Canadian Dairy Information Center, 2004).

 

4. Reasons for avoiding ice cream

The Reason for avoiding ice cream is shown in the Table XV.
TABLE – XV
REASONS FOR AVOIDING ICE CREAM AMONG SELECTED SUBJECTS
	Reasons
	Number
	Percent

	Weight gain
	63
	42%

	Diabetes
	4
	2.6%

	Unhygienic
	14
	9.3%

	Others
	69
	46%

	TOTAL
	150
	100%


 

            Table XV shows that 42 percent of subjects avoid ice cream because of the reason weight gain, three percent because of diabetes, nine percent feel ice cream was unhygienicaly prepared and sold while 46 percent of subjects avoid ice cream for other reasons. Almost all subjects prefer to have low fat low calorie ice cream in the market.

High fat diets are  associated  with  increased  risk  of  several            serious medical  conditions  including  obesity,  cancer  and  heart  disease (Corel et al., 2001). 

  

5. Preference of flavour

The Preference of flavour is shown in the Table XVI.
TABLE – XVI
PREFERENCE OF ICE CREAM FLAVOURS AMONG SELECTED SUBJECTS
	Flavours
	Number
	Percent

	Vanilla
	73
	48.6%

	Chocolate
	39
	26%

	Strawberry
	20
	13.3%

	Pista
	18
	12%

	TOTAL
	150
	100%


 

Table XVI reveals that majority 49 percent of subjects prefer vanilla flavour, 26 percent prefer chocolate flavour while 13 percent prefer strawberry flavour and remaining 12 percent prefer pista flavour.

Most of the consumers purchased ice cream based on flavour and ingredients. Vanilla accounts for over half of the ice cream consumed. (www.foodsci.com). 

 

6. Score values for low fat low calorie ice cream

The Score value for low fat low calorie ice cream is shown in the Table XVII.

TABLE – XVII
SCORES ATTRIBUTED FOR THE DEVELOPED ICE CREAM
BY THE SELECTED SUBJECT
	Scores
	Number
	Percent

	Excellent
	60
	40%

	Very good
	18
	12%

	Good
	65
	43.3%

	Fair
	7
	4.6%

	Poor
	-
	-

	TOTAL
	150
	100%


 

            Table XVII and figure 7 was evidenced and clearly shows that (majority) 43 and 40 percents of the selected subjects scored the product to be good and excellent respectively. While 12 percent scored it to be very good and five percent scored to be fair. Majority subjects accepted the low fat low calorie ice cream. They liked the developed ice cream because all the attributes like appearance, flavour, texture, and taste were similar to normal ice cream and was low in fat and calories and had a good mouth feel.
V. SUMMARY AND CONCLUSION

 

Life comes with lots of flavours and most savoured are sweet memories. Ice cream is a sweet, nutritious, frozen dessert which high in fat and calorie. Because of the concern regarding excess fat and calorie most of them neglect ice cream though they love ice cream. Thus in order to satisfy all age group the present study entitled “Development and acceptance of low fat low calorie ice cream” was conducted. 

In order to fulfill the objectives a market survey was conducted among ten ice cream parlours and five departmental stores in Coimbatore city. From the survey, information was obtained, that none of the ice cream parlours prepared low fat low calorie ice cream. The various stabilizers like carboxy methyl cellulose, alginate, carrageenan, guargum, agar agar and emulsifier like glyceryl monosterate, stearic acid, vegetable wax etc was used for the preparation.

Based on the information gained, the recipe was formulated to incorporate oats at varied percentages in different forms.

Six variations were prepared with fructose, skimmed milk, oats, stabilizer, emulsifier and essence. One among the six variations was chosen to be the best by the panel members. From the sensory evaluation rate, variation II was found to be best by the selected ten panel members who suggested variation II was similar to normal ice cream available in the ice cream parlours. The developed low fat low calorie ice cream was given to the subjects of three categories to find the acceptability, using a questionnaire and interview method.

The results of the present study are summarized and given below  

1. To standardize the low fat low calorie ice cream, six variations were made. In all the six variations, oats was prime and major ingredient used in varied proportion whereas other ingredients like fructose, skimmed milk, stabilizer, emulsifier and essence were identical. In variation I and II 30 % and 50 % oat flakes Vs skimmed was used. In variation III and IV 30 % and 50 % oats powder Vs skimmed milk was used. Similarly in variation V and VI 30 % and 50 % combination of oat flakes and oats powder was used respectively.

2. All the six variation were prepared and analyzed by sensory evaluation method. Five point hedonic scale was used to evaluate the product. Staff members from the faculty of Home Science of Avinashilingam Deemed University, Coimbatore were selected as panel members who had a wide knowledge in food science. 

3. The variation II, 50 % oat flakes Vs skimmed milk was chosen as the best product by panel members, because all the attributes like appearance, flavour, texture and taste was similar to normal ice cream as it had a good mouth feel and was also low in fat and calorie.

4. After variation II was judged by panel members it was analyzed for nutrients like carbohydrate, fat, protein, calcium, fiber and ash. The method used for carbohydrate was Anthrone method, for fat estimated by Volumetric Gerber’s method, for protein Macrokjedhal method, for calcium NIN method and for ash AOAC method.

5. The developed low fat low calorie ice cream contain  22gm, 6gm, 1gm, 0.17gm, 0.74gm and 0.71gm of carbohydrate, protein, fat, calcium, fiber and ash respectively. Similarly the nutrients present in normal ice cream are 34 gm, 8 gm, 3 gm, 0.47 gm, 0.77 gm, 0.95 gm of carbohydrate, protein, fat, calcium, fiber and ash respectively.

6. From carbohydrate, protein and fat value, proximate principle was calculated for calories. Low fat low calorie ice cream was compared with normal ice cream. For low fat low calorie ice cream 89 calories was obtained from carbohydrate, for normal ice cream the value was 134 calories. The protein value for low fat low calorie ice cream was 25 calories, for normal ice cream the value was 30 calories and similarly the fat value for low fat low calorie ice cream was 12 calories, for normal ice cream the value was 30 calories.
7. To find the acceptability for the developed low fat low calorie ice cream 150 subjects in the age range of 10 – 33 years were selected. The selected subjects were school students from the class of                 V – VIII, college students both Under Graduates and Post Graduates and office going people. Questionnaire was used to elicit information on consumption pattern of milk and milk products.
8. Out of 150 subjects, majority of the subjects 143 consumed milk daily. Eighty eight subjects consumed ice cream daily because ice cream is a frozen dessert preferred by all age group it is also available in low cost, only 49 subjects consume monthly. Among the selected subjects 29 subjects consume milk sweets daily similarly consumption of milk shakes daily was found among 26 subjects either chill or warm.
9. Majority consumes ice cream weekly once, 49 subjects monthly once, 4 subjects alternate weeks and very few consume it rarely. From selected subjects 63, 14, 4 avoid ice cream because it can increase body weight, it can be prepared in unhygienic condition and diabetes respectively.

10. Among the selected subjects vanilla flavour was preferred by 73 subjects, chocolate flavour by 39 subjects, strawberry flavour by 20 subjects and pista flavour by 18 subjects.

11.  Five point hedonic rating scale was given as a tool along with variation II and was distributed to the selected 150 subjects to find the acceptability. The scores obtained were 65, 60, 18, and seven for good, excellent, very good and fair respectively.


It was thus concluded though ice cream is rich and nutritious frozen dessert it cannot be consumed by all age groups at all times, because of high calorie and fat content. Apart from pleasure of eating it is essential to stay fit and healthy to enjoy every moment and make it memorable. Hence it was a trail made to develop low fat low calorie ice cream that ended up as a successful product.

RECOMMENDATIONS:
· Further research should be done to incorporate high fiber ingredient in low fat low calorie ice cream.

· Other cereal grains can be incorporated and developed. 

· Incorporation of Soya milk, Soya flour can be done which in turn increases the protein content of low fat and low calorie ice cream.
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appendix – i

Recipe for the developed low fat low calorie ice cream 
Ingredients:

Oat flakes 

- 
30 gm

Fructose 

- 
40 gm

Skimmed milk 
- 
125 ml

Water 


- 
125 ml

Stabilizer 
- 
0.25 gm

Emulsifier 
- 
0.25 gm

Essence 
- 
2 ml

Salt 

- 
0.3 gm

Procedure:

1. Oat flakes are soaked in water for a while, drained and kept aside to remove the starch and reduced the carbohydrate content.

2. To one part of skimmed milk powder add five parts of water to make skimmed milk 

3. To the skimmed milk add oat flakes. With constant agitation the mixture is heated slowly to about 100 – 1100 c, until it is cooked.

4. To the cooked solids flavourings, sweetening, stabilizer, emulsifier are added to it.

5. Then the mixture is homogenized. After the ingredients are thoroughly mixed the essential freezing process is done.
6. After it’s ready serve it cool.

Variations:

I
30 % Oat flakes Vs skimmed milk

II
50 % Oat flakes Vs skimmed milk

III
30 % Oat powder Vs skimmed milk

IV 50 % Oat powder Vs skimmed milk

V
30 % Combination of Oats Vs skimmed milk

VI
50 % Combination of Oats Vs skimmed milk
Appendix - ii
Proportions of ingredients in different variations

VARIATION I: 30%OAT FLAKES Vs SKIMMED MILK
	Ingredients
	Amount

	Oat flakes
	30g

	Fructose
	40g

	Skimmed milk
	125ml

	Water
	125ml

	Stabilizer
	0.25g

	Emulsifier
	0.25g

	Essence
	2ml

	Salt
	0.3g


VARIATION II: 50%OAT FLAKES Vs SKIMMED MILK
	Ingredients
	Amount

	Oat flakes
	50g

	Fructose
	40g

	Skimmed milk
	125ml

	Water
	125ml

	Stabilizer
	0.25g

	Emulsifier
	0.25g

	Essence
	2ml

	Salt
	0.3g


 

VARIATION III: 30%OATS POWDER Vs SKIMMED MILK
	Ingredients
	Amount

	Oats powder
	30g

	Fructose
	40g

	Skimmed milk
	125ml

	Water
	125ml

	Stabilizer
	0.25g

	Emulsifier
	0.25g

	Essence
	2ml

	Salt
	0.3g


VARIATION IV: 50% OATS POWDER Vs SKIMMED MILK
	Ingredients
	Amount

	Oats powder
	50g

	Fructose
	40g

	Skimmed milk
	125ml

	Water
	125ml

	Stabilizer
	0.25g

	Emulsifier
	0.25g

	Essence
	2ml

	Salt
	0.3g


 VARIATION V : 30% COMBINATION OF OATS Vs SKIMMED MILK
	Ingredients
	Amount

	Oats

(Powder15 g + flakes 15g)
	30g

	Fructose
	40g

	Skimmed milk
	125ml

	Water
	125ml

	Stabilizer
	0.25g

	Emulsifier
	0.25g

	Essence
	2ml

	Salt
	0.3g


VARIATION VI : 50% COMBINATION OF OATS Vs SKIMMED MILK
	Ingredients
	Amount

	Oats

(Powder15 g + flakes 15g)
	50g

	Fructose
	40g

	Skimmed milk
	125ml

	Water
	125ml

	Stabilizer
	0.25g

	Emulsifier
	0.25g

	Essence
	2ml

	Salt
	0.3g


appendix - III
Hedonic rating test
Name :
Date :

Product :

Taste these samples and check how much you like or dislike each one. Use the appropriate scale to show your attitude by checking at the point that best describes your feelings about the sample. Please give a reason for this attitude. Remember you are the only one who can tell what you like. An honest expression of your personal feeling will help us.
	Attributes/Scores
	Variation   I
	Variation  II
	Variation III
	Variation IV
	Variation  V

	Appearance (Scores)
	
	
	
	
	

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	Flavour (Scores)
	
	
	
	
	

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	Texture (Scores)
	
	
	
	
	

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	Taste (Scores)
	
	
	
	
	

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	


Suggestions:

Signature
Appendix - IV

Questionnaire to Elicit Information on Consumption pattern          of milk and milk products and Acceptance of low fat low        calorie ice cream 

Name of the interviewer 
:    
P. Vasanthi.
Name of the interviewee 
:
Age 



:
Sex



: 
Male   (                 Female   (                                
Address 


:
Educational Qualification
:
Name of the institution
:
Do you consume milk and milk products?     Yes  (                            No (
If yes, tick the items consumed,
 

	Items
	Daily
	Weekly once
	Monthly
	Rarely

	Milk
	 
	 
	 
	 

	Ice cream
	 
	 
	 
	 

	Milk sweets
	 
	 
	 
	 

	Milk chocolate 
	 
	 
	 
	 

	Milk shakes
	 
	 
	 
	 


 

Do you think ice cream is healthy?                Yes         (                 No      (
How often do you consume ice cream?
     Weekly once      Alternate weeks       Monthly once
You prefer ice cream but you don’t consume ice cream because of,
      Weight gain   (   diabetes  (      unhygienic (      others   (
 

If low fat low calorie ice cream is available in the market do you prefer it?
                     Yes   (                        No      (
Which flavour do you prefer the most?
Vanilla   (   Chocolate  (   Strawberry (    Pista   (
 

Score card for low fat low calorie ice cream 
	 Item
	Appearance
	Flavour
	Texture
	Taste
	Total

	Ice cream
	 

	 
	 
	 
	 


 
Scores:
 5 - Excellent
4 - Very good
3 - Good
2 - Fair
1 – Poor
 

YOUR SUGGESTIONS:
Appendix - V
ESTIMATION OF CARBOHYDRATE BY ANTHRONE METHODS
AIM :
To estimate the amount of carbohydrate present in the given sample.
PRINCIPLE:

Carbohydrate are hydrolyzed into simple using dilute hydrochloric acid. In hot acidic medium glucose is dehydrated to hydroxyl methyl furfural. This compound forms with anthrone, a green colour product with in absorption maximum at 630nm.
REAGENTS:

1. 2.5 N Hcl

2. Anthrone Reagent : Dissolved 200 mg anthrone in 100ml of ice cold H2S04. Prepared fresh before use.

3. Stock Standard: Dissolved 100 ml of glucose in 100 ml of water.

4. Working Standard: 10 ml of stock standard solution in diluted to 100 ml of distilled water.
PROCEDURE:

1. Weigh 100 mg of sample in a boiling tube.

2. Hydrolyze by keeping it in boiling water bath. Boiled for three hours with five ml of 2.5 Hcl and cool to room temperature.

3. Neutralize it with solid sodium carbonate unit until effervescence ceases.

4. Make up the volume to 100 ml and centrifuge collect the supernatant and 0.5ml is taken for analysis.

5. Prepared the standard. Make up the volume to one ml in all the tubes by adding water.

6. Then added four ml of anthrone reagent and heat to eight minutes.

7. Cool rapidly and read the colour at 630nm 

8. Draw the graph. From the graph, calculate the amount of carbohydrate present in the sample tube.
 

Appendix - vI
Estimation of nitrogen by Macrokjeldhal method 
AIM:

To determine the amount of nitrogen present in the given sample.

PRINCIPLE:

The given sample is digested with concentrated sulphuric acid in a macrokjeldahl flask when nitrogen gets converted to ammonium sulphate. Ammonium is liberated by the action of strong alkali in a macrokjeldahl steam distillation apparatus. This nitrogenous substance is converted to ammonium borate by absorbing 2% boric acid and is titrated against N/70 H2S04. The volume of acid required to bring the test sample to the colour of the blank gives the acid equivalent to the ammonia.
REAGENTS:

1. N/70 Sulphuric acid

2. 40% Sodium hydroxide

3. 2% Boric acid (in warm water).

4. Digestion Mixture : A mixture of copper sulphate and potassium sulphate in the ration of 2:98.

5. Concentrated sulphuric acid

6. Mozazaga Indicator: - A mixture of bromocresol green and methyl red indicator in 95% alcohol in the ratio of 4:1 [80 mg and 20 mg in 100 ml alcohol].
PROCEDURE:
1. 0.5 g of the sample was taken into the digestion flask. To this added 15ml of concentrated sulphuric acid and a pinch of digestion mixture as a catalyst. Keep at boiling gently over a heating mantle.

2. After digestion, the flask was cooled and the contents were transferred to a 100 ml standard flask and made up to the mark with distilled water.

3. The whole apparatus was washed with distilled water and allowed to back suck.

4. 10ml of boric acid was taken in a conical flask. A drop of indicator was added to it and kept under the condenser.

5. The tip of the condenser was well below the liquid.

6. 5ml of the digested blank was added into the distillation chamber through the funnel

7. Then added 10 ml of 40% NaoH. Washed the funnel with two to three ml of distilled water.

8. Closed the tap and steam was generated.

9. Steam entered the distillation chamber and drove all the ammonium which is inturn absorbed by boric acid.

10. Solution was pinkish white in colour, turned blue.

11. Steam was passed for 5 minutes and then the conical flask lowered and the tip of the condenser washed. 

12. The boric acid solution containing the liberated ammonia was titrated against N/70 H2S04.

13. The end point was the appearance of pale permanent pink colour.

14. Between each estimation, the apparatus was washed.

15. The experiment was repeated to get concordant values.

Appendix - vII
Estimation of fat content by Volumetric Gerber’s method
AIM: 

To determine the fat content of the food stuff.

PRINCIPLE:

The ice cream sample is treated with ethanol and ammonia. The separated fat is extracted with a combination of mixed ethers. Ammonia helps softens the curd of milk and alcohol breaks the milk emulsion and separates fat from proteins. It also enhances contact between solvent and fat. The petroleum ether used reduces solubility of alcohol and solvent ether in water. The extracted fat is weighed. The extraction is carried out in a mojoinner tube. Ammonia also neutralizes the free acidity of the sample which would get ether extracted, the ammonium salts being ether-insoluble. The petroleum ether decreases the solubility of milk, sugar and other non-fat solid soluble in ether.
REAGENT:

1. Petroleum ether

2. Ethanol

3. Ammonia

PROCEDURE

1. The apparatus used to us Mojoinner flask. The Mojoinner flask consists of 2 bulbs, a large mixing bulb and a smaller setting bulb. Weigh accurately about 4-5 gms of the prepared sample into an extraction tube. Wash sides of the tube with 2ml hot water and mix by gentle swirling. 

2. Add 2ml concentrated ammonia and mix thoroughly. Heat on a water bath for 20 minutes at 600C with occasional shaking. Add 10ml alcohol and mix. Transfer mixture to a separating funnel. In a beaker rinse 25ml ether and 5ml petroleum ether and add to the funnel.

3. Shake well after each reagent addition for 5 minutes, till a clear upper layer is obtained. Transfer ether layer into a tared flask. Wash extraction tube with a 1:1 mix of solvents and add to the flask.

4. Re-extract the liquid in a separating funnel twice 15ml of each solvent each time and collect in a tared flask. Evaporate the solvent on a hot plate or a steam bath at 600C.

5. Dry the residue of fat to constant weight in an oven at 1000C.

6. Cool and weigh the flask. Remove fat in the flask with 15-20 ml petroleum ether, dry and weigh as before.
Appendix - vIII
Determination of fiber content by AOAC method
AIM: 

To determine the fiber content of the given food sample.

Principle:

The term “Crude fiber” ordinary meant in agriculture and food analysis is the organic residue consisting largely of cellulose, that  is left after other carbohydrates and proteins have been  removed by successive treatment with boiling acids and  alkalies. The crude fiber obtained in this way is not cellulose but contains distinct properties of hemicellulose, and nitrogenous substances. These however are not sufficient to prevent the results from being reasonably accurate and comparable.

REAGENTS:

1. 0.255 N Sulphuric Acid : 0.9ml of suhphuric acid in 99.1 ml water.

2. 0.313 Sodium Hydroxide : 0.8 of sodium hydroxide in 99.2ml water.

3. Ether

4. Alcohol

PROCEDURE :
1. Five gm of the sample was weighed into a 500ml beaker and 200ml of boiling 0.255N sulphuric acid was added. The mixture was boiled for 30 minutes; keeping the volume constant by adding water at frequent intervals (a glass rod inserted in the beaker helps smooth stirring and boiling).

2. At the end of the period, the mixture was filtered through a muslin cloth and the residue was washed with hot water till free from acid. The mixture was then transferred to a beaker containing 200 ml of boiling 0.313N sodium hydroxide.

3. After boiling for 30 minutes (keeping the volume constant as before) the mixture was filtered through the muslin cloth.

4. The residue was washed with hot water till free from alkali followed by washing with some alcohol and ether. It was then transferred into a crucible, dried overnight at 80 - 100ºC and weighed.

5. The crucible was heated in a muffle furnace at 600 ºC for 2-3 hours. Cooled and weighed again. The difference in the weight represents the weight of the fiber.
Appendix - X
Determination of Ash Content by AOAC method
AIM: 

To determine the ash content of the given good sample.
PRINCIPLE:

By continuous heating, the substance gets charred which can be used for the determination of minerals present.

PROCEDURE:

1. About 5g of the sample was weighed accurately in to a tarred platinum or porcelain crucible [which had preciously been heated to about 600ºC and cooled].

2. The crucible was then placed on a clay pipe triangle of heated over a low flame till all the material was completely charred, followed by heating in a muffle furnace for about 3-5 hours, at 600ºC.

3. The crucible was then cooled in desiccators and weighted.
4. To ensure completeness of ashing the crucible was again heated in a muffle furnace heated for half an hour, cooled and weighed.

5. This was repeated till two consecutive weighed were the same and the ash was almost white or greyish white in colour.
Appendix -IX
Estimation of Calcium by NIN method 
AIM: 

To estimate the amount of calcium present in the given sample.
PRINCIPLE:

Calcium is determined by precipitating it as calcium oxalate and titrating the oxalate solution in dilute sulphuric acid against standard potassium permanganate.

REAGENTS:

1. Ammonium oxalate : Ammonium oxalate was dissolved in 200 ml of water till it was saturated.

2. 0.01 N Oxalic acid : 0.063g oxalic acid crystals were weighted and dissolved in 100 ml of distilled water. 

3. 0.01 N Potassium permanganate : 0.316g of potassium permanganate was dissolved in 1000 ml of distilled water.

4. Strong ammonia 

5. Glacial acetic acid.

6. 2 N sulphuric acid : 5.5 ml of sulphuric acid was dissolved in 94.5 ml of distilled  water 
PROCEDURE:

1. Ash from the ignited sample was dissolved in hydrochloric acid and made up to 100 ml. 10 ml of the ash solution was pipetted out in a conical flask and 90 ml of distilled water was added to it.

2. Added 2 drops of methyl red indicator. It was made strongly alkaline by adding ammonia and kept for boiling. 20 ml of saturated ammonium oxalate was added to the solution, 10 ml each time to ensure complete precipitation directly.

3. When it was hot, a few drops of acetic acid was added to render  the medium acidic. The precipitate was allowed to settle overnight.

4. The next morning the solution was filtered with Whatman No. 40 filter paper. The precipitate was washed first with ammonical water and then with hot water several times until it was free from chloride.

5. To test it five ml of the washing was collected in a test tube and a drop of silver nitrate or calcium chloride solution.

6. The filter paper was collected in a flask by making a hole in the filter paper. To this, two ml of 2N sulphuric acid was added.

7. This solution was heated to 60 – 80ºC and when still hot was titrated against N/100 Potassium permanganate solution.

8. From the volume of potassium permanganate solution used up the milligrams of calcium present in 100g of the sample was calculated.

