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I. INTRODUCTION
                           “THINKING OF DISEASE WILL INTENSIFY IT,



   FEEL ALWAYS I’M HEALTHY IN BODY AND MIND”

- SWAMI SIVANANDA
              Good health is a major resource and an important dimension of the quality of life. The key to good health and vigour is appropriate diet and nutrition. Nutrition is the pillar of life, health and development across the entire life span. In the twenty first century, health is a shared responsibility, involving equitable access to essential care and collective defense against transnational threats. Non communicable diseases such as diabetes mellitus, cardio-vascular disease, mental and neurological disease are gradually becoming the leading cause of disability and death in the developing countries while the incidence of communicable diseases has come down (World Health Organisation, 2007). Increased scientific advances, adoption of western culture and sedentary life style changes have shown the consequences by altering the health status of the individual.

Diabetes mellitus, a chronic metabolic disorder affecting humankind has reached epidemic proportions worldwide. The developing countries, which was often associated with hunger and inadequate nutrition for children is now experiencing an epidemic increase in type II diabetes mellitus, a disease related to wealth and unhealthy lifestyle. Type II diabetes mellitus, epidemic in India is due to the high degree of urbanization, great changes in diet, lifestyle and genetic predisposition. Diabetes has been known for centuries as a disease of prosperity (Gupta, 2007). It is a silent chronic disorder characterized by hyperglycemia due to defective insulin secretion (or) defective insulin action (or) both which leads to abnormalities in the metabolism of carbohydrate, proteins and fats and is associated with an increased incidence of long term micro and macro vascular complications and a myriad of disorders (Canadian Diabetes Association Clinical Practice Guidelines Expert Committee, 2003).

The recent projection from World Health Organisation (2007) pointed out that out of the total world population of 6.6 billion, about 246 million are diabetics and this number is expected to rise to 333 million by 2025. The prevalence of diabetes mellitus in India has been growing by leaps and bounds and prevention of the disease has become one of the main challenges facing public health. India is a home to around 40.9 million diabetics and this number gives India, the dubious distinction of being home to the largest number of diabetics than any other country and most of whom will be in the productive years of their lives. This number is expected to rise to 80 million in 2030 (International Diabetes Federation, 2007). As per the non communicable diseases risk factor surveillance by WHO and ICMR (2006) in India, the prevalence of diabetes was higher in urban area (7.3 percent) followed by peri-urban / slum (3.2 percent) and rural area (3.1 percent).


Type II diabetes mellitus, constituted 95 percent of the diabetic population and is not a single disease entity (Banerjee, 2003). Diabetes causes severe morbidity and is a risk factor for a number of non-communicable diseases like stroke, hypertension, coronary heart disease, renal failure and cataract. Ashok et.al., (2006) reported that diabetes was directly responsible for nine percent of acute myocardial infarction cases, four  percent of stroke cases, two percent of neuropathy and 32 percent of cataract cases. International Diabetes Federation (2006) points out that every 10 seconds, a person dies from diabetes related causes. This accounts for 1.09 lakh deaths in a year (Ashok et.al., 2006). International Diabetes Federation (2006) has also suggested that unless effective preventive measures are introduced, expenditure devoted to diabetes and its complications will dominate the health economics of many countries by the end of the first quarter of the current century.

In the management of diabetes, dietary modification and regular exercise are the two main approaches, diet being the sheet anchor (Srimathi et.al., 2007). Diet improves the overall health of the diabetics by maintaining the plasma glucose near the normal physiologic range as possible and helps to prevent (or) delay the development of chronic complications of diabetes such as cardio-vascular, renal, retinal and neurologic.
 An effective, culturally and socially appropriate prevention programme targeting people of all ages needs to be planned.
Dietary modifications for control of type II diabetes mellitus includes a diet high in complex carbohydrate, protein, fibre and low in fat which do not cause a rapid rise in blood glucose levels. Fibre offers manifold health benefits to diabetics by lowering blood glucose levels, reducing insulin requirements, improving glycemic control and lowering serum cholesterol and triglyceride values (Kavitha et.al., 2001). Studies by Wolever (2006) have shown that the total dietary fibre is significantly related to the glycemic response produced by the foods. The glycemic index (GI) is a classification of the blood glucose raising potential of carbohydrate foods. It is a dietary management tool for diabetic subjects to assist them in controlling postprandial glucose through diet (Miller, 2007). The principle is that slower the rate of carbohydrate absorption, the lower the rise in blood glucose level and the lower the glycemic index value (Augustin et.al.,2002). Major alterations in the glycemic index and dietary fibre content of meals had been known to induce small but significant changes in the glucose profile  (Liu et.al., 2002). The alterations in diet should be flexible in variety and preparations. Hence, this is an endeavour to formulate new recipes incorporating minor millets with high fibre content along with Trigonella foenum graecum (fenugreek leaves) in wheat flour.
Millets, a rich source of dietary fibre  provide a wide range of nutrients and phytochemicals including dietary fibre, vitamin E, magnesium and folate that optimize health (Slavin, 2001). Insulin resistance and oxidative stress which are the important factors in the pathogenesis of type II diabetes and cardio vascular disease are potentially affected by millet intake(Lankin et.al., 2005). Wheat, a staple food of Indians consumed along with the bran finds a special place in therapeutic diets. Millets such as Pennisetum typhoideum (bajra), Setaria italica (thenai), Paspalum scrobiculatum(varagu) and white oats  belonging to Graminae family are rich sources of fibre and complex carbohydrates. These grain flours in combination with wheat flour made into chappathis would provide a diet rich in fibre and complex carbohydrates. Incorporation of Trigonella foenum graecum (fenugreek leaves) in these recipes improve glycemic control since they showed a significant decrease in fasting glucose level and a reduction in insulin response and urinary glucose excretion in type II diabetics (Nair et.al.,2000).

           With the basis, the present study entitled, “Development of low glycemic recipes incorporating minor millets” was taken up with the following objectives:  to 
i. Incorporate different millet flours like Pennisetum typhoidum (bajra), Setaria italica (thenai), Paspalum scrobiculatum (varagu) and white oats with Trigonella foenum graecum (fenugreek leaves) in wheat flour and prepare chappathis.
ii. Standardization of the millet flour incorporated chappathis. 
iii. Assess the glycemic index of the standardized recipes by feeding them to the selected type II diabetics.
iv. Study the socio-economic background and dietary pattern of selected type II diabetic subjects.
v. Impart nutritional counselling to the selected type II diabetics.

II. REVIEW OF LITERATURE


The literature pertaining to the present study entitled, “Development of low glycemic recipes incorporating minor millets” was reviewed under the following heads:

A.  Prevalence of type II diabetes mellitus

B.  Risk factors of type II diabetes mellitus

C.  Complications of type II diabetes mellitus

D.  Management of type II diabetes mellitus

E.   Importance of low glycemic index diet in the management of type II diabetes 

       mellitus.

F.   Nutritional counselling in the management of type II diabetes mellitus.
A. PREVALENCE OF TYPE II DIABETES MELLITUS:

            Diabetes mellitus is a heterogenous syndrome characterized by absolute (or) relative impairment of insulin secretion and action (Nair, 2007)
1. Global Scenario:


The global prevalence of diabetes is set to double over the next 25 years. The prevalence of diabetes for the age group (20-79 years) worldwide was 5.1 percent (194 million) in 2003 and it is estimated to be 6.3 percent (333 million) in 2025 (International Diabetes Federation, 2003).In 1985, an estimated 30 million people worldwide had diabetes, in 2000, a little over a decade later, the figure had risen to 171 million, in 2007, it rose to 246 million and by 2030, the figure is expected to rise to 366 million (Radhika et.al., 2007).

           According to the study by International Diabetes Federation (2006), Western Pacific region had the highest number of people with diabetes (67 million, compared to the European region with 53 million diabetics, North American region with 23 million diabetics and south and central American region with 14 million diabetics. African region had the least number of people with diabetes (7.1 million). The top ten countries with highest number of diabetics given by International Diabetes Federation (2006) were India (40 million) China (23.8 million), USA (16 million), Russia (9.7 million), Japan (6.7 million), Germany (6.3 million), Pakistan (6.2 million), Brazil (5.7 million), Mexico (4.4 million), and Egypt (3.9 million)

            According to the study by American Diabetes Association (2006), the 40-59 age group currently has the greatest number of persons with diabetes. The current prevalence rates and the estimation for 2025 showed a female predominance in the number of persons with diabetes. The female numbers were about 10 percent higher than males.

            International Diabetic Federation (2006) had also stated that, by 2025, nearly 80 percent of all new diabetes diagnoses will be in developing countries. Diabetes is increasing faster in the world’s developing economies, than in developed countries. Seven out of ten countries with the highest number of people living with diabetes are in the developing world. While diabetes is most common among the elderly in much population, prevalence rates are significantly rising among comparatively young and productive populations in the developing world (Radhika et.al., 2007)

2. Indian Scenario:


With the forces of globalization and industrialization proceeding at an increasing rate, the prevalence of diabetes is predicted to increase dramatically over the next few decades. Developing countries like India already top of the diabetes league are expected to shoulder much of this burden (Ramachandran, 2002)

             A report by World Health Organization (2007) made a startling revelation that India is among the countries where the prevalence rate of diabetes was the fastest. It had estimated a sharp upswing in the number of diabetics from 32 million in 2000 and 40.9 million in 2007 to an expected 73.5 million by 2025 and 80 million by 2030 in India and had declared India as the “Diabetic capital of the world”. The report also stated that one out of four diabetic individuals will be an Indian in the world.

             A high prevalence of metabolic syndrome was reported in Bangalore (38.8 percent), Trivandrum (37.9 percent), Hyderabad (33.0 percent) Lucknow (29 percent), Coimbatore (28.2 percent) and Delhi (22.9 percent) by Prabhakaran et.al., (2006) The prevalence of diabetes in rural areas was 4-6 times lower than in the urban areas and this is attributed to life style habits and lower socio-economic status of the rural population (Mohan et.al., 2007). A study by Misra (2007) stated that diabetes mellitus in adult urban Indian populations varied from a low 5.4 percent in northern state to a high 12.5-15.5 percent in Chennai, South India and 12.3-16.8 percent in Jaipur, Central India.
B. RISK FACTORS OF TYPE II DIABETES MELLITUS:

All over the world, traditional lifestyle and dietary patterns that have sustained people over generations are disappearing resulting in metabolic syndromes like obesity, diabetes mellitus and hypertension (Radhika, 2007)

1. Diet and physical inactivity:


Slavin et.al., (2000) quoted that diet influences body weight and is recognized as a modifiable risk factor for type-II diabetes mellitus. The regular consumption of carbohydrate that elicited high glycemic response was proposed to contribute to the development of overweight, impaired insulin sensitivity and finally diabetes 

(Buyken et.al., 2007). Transfatty acids affected cell membrane function and therefore influence peripheral insulin sensitivity and the risk of developing type-II diabetes mellitus (Riserus, 2007). Tomisaka et.al., (2001) quoted that the effects of westernized foods and overeating seemed to be potential risk factors of diabetes.

            Mohan et.al., (2007) quoted that the ‘fast food culture’ which has overwhelmed  our cities and towns is a major drive of the diabetes epidemic. High fat diets and decreased physical activity and sedentary occupational habits that had accompanied the process of modernization resulted in the doubling of the prevalence of obesity and type-II diabetes in less than a generation. The prevalence of diabetes was almost three times higher in individuals with light physical activity compared to those having heavy physical activity.

2. Obesity: 

            Obesity which is the metabolic gateway to disorders like diabetes diminishes both quality of life and life expectancy (Savitha, 2001). Over weight had been defined as a body mass Index of 25 to 29.9 Kg/m2 and obesity as body mass Index equal to (or) greater than 30Kg/m2. Overweight (or) obese individuals have a higher risk of developing insulin resistance, the metabolic syndrome and diabetes (Fernandez, 2007). Type II diabetes mellitus is a culmination of two seemingly distinct processes, insulin resistance and beta cell failure, both of which had been closely linked to obesity (Eldor, 2007). Study by Banga et.al., (2005) reported that Indians have characteristic features of insulin resistance such as high central adiposity and high percentage of body fat in comparison with many other populations which worsened with small increments in weight and also with lack of physical activity, both of which were encouraged by modern living.

             Fernandez (2007) stated that waist to hip ratio, more reliable criteria than body mass index is used to predict risk for metabolic syndrome and is also one of the parameters for classification of metabolic syndrome. American council on exercise (2006) had given the classification that waist to hip ratio greater than 1.0 in men and greater than 0.85 in women is at a high risk for developing metabolic syndrome.

3. Genetic predisposition: 

             Genetics play an important role in predicting the onset of diabetes. Asiatic Indians have an increased risk for developing type II diabetes and related metabolic abnormalities called “Asian Indian phenotype” compared to other ethnic groups. “Asian Indian phenotype” referred to certain unique clinical and biochemical abnormalities in Indians which included increased insulin resistance, greater abdominal adiposity made Asian Indians more prone to diabetes (Mohan et.al., 2007).

             International Diabetes Federation (2003) had stated that strong family history was observed among affected youth, with 45-80 percent having at least one parent with diabetes and 74-100 percent having a first (or) second degree relative with type II diabetes mellitus. Study by Vimaleswaran (2005) reported that Indians have a higher percentage of familial aggregation upto 14 percent.

C. COMPLICATIONS OF TYPE II DIABETES MELLITUS:


Over the last 30 years, type II diabetes mellitus has changed from being seen as a relatively mild ailment associated with ageing and the elderly to one of the major contemporary causes of premature morbidity and mortality in most countries (Diabetes Atlas, 2006). Studies by Deepa et.al., (2006) indicated that majority of the type II diabetes mellitus patients have poor glycemic control and are at a risk of diabetic complications. Nthangeni et.al., (2001) stated that the control of glucose levels in diabetic subjects is essential since poor glycemic control is associated with complications such as cardio-vascular disease, kidney failure, nerve damage, blindness, amputation and also premature death. Gupta (2007) classified complications of diabetes into 3 categories.

(i) Metabolic complications of low blood glucose levels (hypoglycemia) and high blood glucose levels (hyperglycemia). Diabetic coma is one such metabolic complication of a particularly severe nature.

(ii) Damage to small blood vessels (micro vascular complications) leading in turn to   damage retina (retinopathy), kidney (nephropathy) and nerves (neuropathy).

(iii) Damage to the larger arteries (macro vascular complications) leading to brain  (stroke) or to heart (coronary heart disease) or to legs and feet (peripheral vascular disease)

            Miller (2007) reported that postprandial hyperglycemia within 2-3 hour of a meal, is a strong independent risk factor for morbidity and mortality. The prevalence rates of complications of diabetes mellitus in Asian countries, Iran and Iraq was diabetic foot (34 percent), retinopathy (16 percent), nephropathy (8 percent), and cardio vascular disease (6 percent).  The patients who had diabetes for 10 to 19 years and 60 to 69 years old had highest prevalence rates of diabetic complications (Amirkalali et.al., 2001). According to the Chennai urban populations study by Ranjit et.al., (2006) the overall mortality rates due to diabetes related complications was 18.9 percent.

According to Charytan (2007), diabetic retinopathy is progressive damage to the micro vascular system in the retina of the eyes caused due to prolonged hyperglycemia and leads to further complications namely glaucoma, retinal detachment, visual impairment and blindness if left untreated. The prevalence of retinopathy, the leading cause of blindness in diabetics is probably around 30 percent in type II diabetic subjects (Diabetes Atlas, 2006).

Cheng et.al., (2001) reported that nephropathy in patients with type II diabetes mellitus is a rapidly increasing problem worldwide and it is characterized by high protein levels in the urine leading to chronic kidney failure and end stage renal disease. Larry (2007) quotes that diabetic nephropathy goes along with other complications including hypertension, retinopathy and blood vessel damages. According to the Chennai urban population study by Unnikrishnan et.al., (2006), the prevalence of diabetic nephropathy was 2.2 percent and microalbuminuria (26.9 percent) among type II diabetic subjects.

Diabetic neuropathy refers to damages to the nerve fibres caused by prolonged hyperglycemia and characterized by sensory loss in the feet eventually increasing the risk of foot ulceration and amputation (Deepa et.al., 2006). International Diabetes Federation (2003) had quoted that diabetes is the most common cause of amputation.

The frequency of central obesity, hypertension and elevated blood lipids are dramatically increased in persons with diabetes and this has been called the ‘Deadly Quartet’. Cardio vascular diseases are responsible for 70-80 percent of mortality among type II diabetic subjects (International Diabetes Federation, 2006). Asian Indians appear to have a greater predilection for cardiovascular complications (Rema et.al., 2006). Both macro vascular and micro vascular complications cause significant morbidity and mortality among diabetic subjects (Premalatha et.al., 2000).

D. MANAGEMENT OF DIABETES MELLITUS:


International Diabetes Federation (2006) stated that 80 percent of type II diabetes mellitus is preventable by modification in diet, increased physical activity and changing lifestyle practices.

1. Dietary modification:


Kim et.al., (2006) quoted that dietary management is the cornerstone of diabetes treatment and should receive the utmost consideration by the patient and by the treating physician. Forghani et.al., (2001) had quoted that nutrition therapy is an elementary constituent in diabetes mellitus control. According to Miller (2005), the degree of postprandial glycemia is influenced by both the quality and quantity of carbohydrate in the meal. American Diabetes Association (2007) has recommended carbohydrate intake to range from 45 to 65 percent of the total calories, protein intake from 10 to 20 percent of the total calories and fat less than 30-35 percent of the total calories and fibre intake upto 50 grams per day.

            Walker (2006) quoted that dietary fibre has the ability to attenuate blood glucose. Fibre rich foods usually have a low glycemic index and are resistant to rapid digestion (Kavitha et.al., 2001).Increasing faecal bulk and improving large bowel functions, reducing the levels of plasma cholesterol and reducing glycemic response to a meal are the major beneficial effects attributed to adequate consumption of dietary fibre .
(Singh et.al., 2000). Studies by Gavrailova et.al., (2001) reported that postprandial glycemia was decreased after consumption of very high fibre diet. Fung et.al., (2002) reported that fibre reduced the rate of diffusion of glucose in the lumen of the intestine and reduced the rate of small intestine transit in the decreased glucose uptake thereby flattening the glucose curve.

              Metabolic studies by Mckeown et.al., (2002) suggested that high fibre diets especially cereal fibre helped to control appetite by providing a longer feeling of satiety. Gaesser (2007) stated that cereal fibre appeared to play a beneficial role in weight control and associated with lower body mass index and reduced risk of type-II diabetes mellitus. Behall et.al., (2001) reported that improved glucose and insulin responses were observed after consumption of high fibre diets especially soluble oat fibre. According to 

Samra et.al., (2007) insoluble fibre consumption was associated with reduced risk of obesity and diabetes.

            Millets contain water soluble gum and beta glucan that is useful in improving glucose metabolism. Millets contain a high proportion of carbohydrate and dietary fibre which help in prevention of constipation, lowering cholesterol and slow release of glucose to the blood stream during digestion (Radha, 2006). Studies by Slavin et.al., (2000) reported that total grain, whole grain, total dietary fibre, cereal fibre and dietary magnesium intakes showed strong inverse associations with the incidence of diabetes. Epidemiologic studies by Mckeown et.al., (2002) found that diets rich in whole grains mediated by cereal fibre with its low glycemic index and greater particle size protected against type II diabetes mellitus and cardio vascular diseases. The study also reported that diets rich in whole grain foods reflect an overall healthier lifestyle. According to

 Srimathi et.al., (2007), the β glucan content of oats produced hypoglycemic effect and oats can be strongly recommended in the daily diet of type II diabetic subjects for effective management.


According to Arababnia et.al., (2001), fenugreek can be used as an adjuvant therapy in the control of type II diabetes mellitus. Wanle et.al., (2007) stated that viscous soluble fibres in fenugreek leaves reduced postprandial glycemia and insulinemia and lowered low density lipoprotein cholesterol levels in type II diabetics.

2. Lifestyle Modification:


Weight reduction and dietary modification are the two main lifestyle factors that can be modified to have an impact on metabolic syndrome (Fernandez, 2007). American Diabetes Association (2007) stated that lifestyle interventions should be the first choice for the prevention (or) delay of diabetes and that drug therapy should not be a substitute for lifestyle interventions such as healthy and appropriate food choices, physical activity and smoking cessation.

            Ambros et.al., (2007) stated that weight loss (with reduction in energy intake and increase in physical activity) is an important therapeutic strategy in all overweight (or) obese individuals who have type II diabetes mellitus. The Finnish diabetes prevention program (2007) reported 5-7 percent weight loss with 150 minutes per week of physical activity. Weight loss, which is a treatment for type II diabetes mellitus improved insulin sensitivity and glycemic control, lowered blood pressure levels, reduced low density lipoprotein cholesterol and triglycerides and increased high density lipoprotein cholesterol (Toobert, 2007)


The lifestyle programme by Corpelfhn et.al., (2007) was effective in reducing the intake of total and saturated fats, increasing physical activity, reducing obesity and improving insulin sensitivity and glucose tolerance. Shiyan et.al., (2003) stated that with the increasingly sedentary lifestyle, routine daily exercise of moderate intensity is highly recommended to reduce cardio-vascular disease risk, the leading cause of death in diabetics. Subramanian (2007) stated that diabetics who exercise regularly are less likely to experience a heart attack (or) stroke than diabetics who do not exercise.

E. IMPORTANCE OF LOW GLYCEMIC INDEX DIET IN THE MANAGEMENT OF TYPE II DIABETES MELLITUS:

            The glycemic index (GI) which characterizes the carbohydrate in different foods is a better marker of health effects than the sugar starch (or) simple complex sugars distinction (Miller, 2007). Franz (2007) stated that the total amount of carbohydrate in a meal is the primary meal planning strategy for people with diabetes and the glycemic index is used as an adjunct for the fine tuning of postprandial blood glucose responses. According to Jones (2007), glycemic response is the change in blood glucose concentration induced by ingested food. Foods with low glycemic index produced small rise in blood sugar and blood insulin (Nalwade et.al., 2003).  According to Waldmann et.al., (2007), fibre rich vegan diets characterized by a low glycemic index prevent degenerative diseases like type II diabetes.

            Healthy foods with a low glycemic index provided an additional benefit above that achieved by conventional low fat foods in the management of diabetes. Reducing wide fluctuations in blood glucose independently reduced hunger thereby aiding satiety and weight control. Low glycemic index diets produced not only just a lower glycemic response but also significant slowing in the rate of digestion of carbohydrate and improved insulin sensitivity (Thompson, 2007). Slama (2007) stated that low glycemic index foods had a very significant impact on the amelioration of metabolic disturbances observed in diabetic subjects.

            Jenkins (2007) stated that glycemic index had potential therapeutic utility. Features that are associated with low glycemic index foods such as viscous fibre, a high amylose to amylopectin ratio of the starch, traditional food processing such as parboiling all influence the rate of carbohydrate absorption (Henry et.al., 2007). Studies by Chao Gang et.al., (2007) showed a negative relationship between glycemic index and high density lipoprotein cholesterol. Studies by Lineback (2005) showed that the glycosylated haemoglobin levels are moderately reduced with the consumption of low glycemic index diet. According to Wolever (2006), β cell responsiveness (the product of insulin sensitivity and insulin secretion) which is the key factor to prevent type II diabetes mellitus increased by consumption of low glycemic index foods.

F. NUTRITIONAL COUNSELLING IN THE MANAGEMENT OF TYPE II DIABETES MELLITUS:

            Nutritional counselling is one of the most effective tools of changing the food habits of the people without affecting their sentiments (Shahidi et.al., 2001). Nutritional counselling acts as a cornerstone in management of type II diabetes mellitus as counselling about diet modification, food frequency, increasing physical activity and about the disease significantly improved dietary intake and anthropometric parameters (Banga et.al., 2005). According to Watanabe et.al., (2001), nutrition education is very important for the prevention (or) to delay the diabetes related complications. 

            Madenokoji et.al., (2001) quoted that primary prevention of diabetes related complications is to take nutritional treatment with well-designed educational program. Study by Yeje et.al., (2007) showed that individual diabetes dietary education is a useful tool to make the patient understand their diet prescription and is an effective intervention to control body weight and blood sugar level.

III. METHODOLOGY

The experimental procedure followed in the conduct of the present study entitled, “Development of low glycemic recipes incorporating minor millets” comprised of the following three phases:

PHASE  I : Eliciting information about socio-economic background, dietary pattern and history of diabetes among type II diabetics.

PHASE II: Development of low glycemic recipes incorporating minor millets and assessing the glycemic index.

PHASE III:  Nutritional counselling to the selected type II diabetics.


The method followed for each phase of study is described below:

PHASE I :  ELICITING INFORMATION ABOUT SOCIO-ECONOMIC BACKGROUND, DIETARY PATTERN AND HISTORY OF DIABETES AMONG TYPE II DIABETICS
             The procedure followed in the conduct of Phase I of the study comprises of the 
following steps.

A.  Selection of area and subjects

B.  Formulation of interview schedule and extraction of background information of the selected subjects.

C.  Assessment of Nutritional status.

A.  Selection of area and subjects:


World Health Organisation (2007) has reported that every fourth diabetic in the world today is an Indian.  Due to urbanization, industrialization and changes in lifestyle, the prevalence of diabetes is increasing alarmingly in Coimbatore city (7.7%) (Prabhakaran et.al., 2006).  Therefore, two hundred type II diabetics comprising 100 males and 100 females in the age group of 40 – 60 years residing in Coimbatore city were selected for the study.  This area was selected because of the availability, access and co-operation extended by the subjects.

B. Formulation of interview schedule and extraction of background information of the selected  subjects :

Interview Schedule refers to a form of questionaire which is generally filled in by the researcher (or) enumerators who are specially appointed for the purpose (Kothari, 2007). An interview schedule as given in Appendix A was formulated to elicit the information from the selected diabetics regarding the socio-economic background namely age, educational status, occupation, monthly income, type and size of the family and information regarding dietary pattern including vegetarianism, food consumption pattern, type of fats and oils used in cooking and cooking methods followed in food preparations. Information regarding lifestyle practices including performance of exercise, alcohol consumption, smoking, coffee consumption and the details regarding history of diabetes namely duration of the disease, family history, type of treatment undertaken, symptoms observed before onset of diabetes and  complication prevalent due to diabetes were also elicited by the investigator.

C. Assessment of Nutritional status:

          Anthropometric measurements of human body reflect changes in morphological variation due to inappropriate food intake or malnutrition (Srilakshmi, 2008). Anthropometric measurements such as height, weight, waist and hip circumference were measured for all the selected subjects according to the standard procedures given by Jelliffe et.al., 1991(Plate-I). Biochemical parameters including fasting and postprandial blood glucose level and glycosylated haemoglobin level (HbA1C) were noted from their respective medical records. Daily food and nutrient intake was calculated for the selected subjects.
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PLATE I
PHASE II: DEVELOPMENT OF LOW GLYCEMIC RECIPE INCORPORATING  MINOR MILLETS AND ASSESSING THE GLYCEMIC INDEX.
           The procedure followed in the second phase of the study consisted of the following steps:

A. Selection of cereals (minor millets).

B. Incorporation of high fibre millet flours with wheat flour, to prepare 

     chappathis.                 
C. Standardization and conduct of acceptability test.

D. Evaluation and computation of glycemic index of the test recipes.

A.  Selection of Cereals (minor millets):


Millets such as Pennisetum typhoideum (bajra), Setaria italica (thenai), Paspalum scrobiculatum (varagu) and white oats which belongs to Graminae family, high in complex carbohydrates and fibre which are digested slowly were selected for the study because the cost is reasonable, locally available and the flour prepared out of the millets blended well with wheat flour(Plate-II). Trigonella foenum graecum (fenugreek leaves) was selected for incorporation due to its hypoglycemic effect in type II diabetics (Nair, 2000)

The millets selected for the study except white oats were subjected to various treatments. They were cleaned to remove dirt and stones, soaked in water for half an hour, drained the water  and then sun-dried. Dried millets were roasted till a good aroma came and ground to fine flour. White oats was directly ground to fine flour.

B. Incorporation of high fibre millet flours with wheat flour to prepare chappathis :

Chappathi is a very common recipe prepared out of whole wheat flour consumed by diabetics. It is easy to prepare with minimum oil and it lends itself for incorporation with high fibre millet flours. So, chappathi was the recipe selected for incorporation of millet flours to enhance the fibre content. The ground millet flours were incorporated at twenty percent, forty percent and sixty percent levels along with 100 grams of wheat flour and made into chappathis. Variations were made by incorporating 30 grams of Trigonella foenum graecum in 100 grams of flour and made into chappathis(Plate-III).

[image: image18.png]


[image: image19.png]DEVELOPMENT OF LOW GLYCEMIC RECIPES
INCORPORATING MINOR MILLETS

MUTHUSELVL S
(06PN12)

A THESIS SUBMITTED TO THE
AVINASHILINGAM UNIVERSITY FOR WOMEN,
COIMEB ATORE — 641 043
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR
THE DEGREE OF MASTER OF SCIENCE

IN FOOD SCIENCE AND NUTRITION

APRIL 2008

CERTIFIED AS BONAFIDE RESEARCH WORK

XWAM\QM Q. TA;f@LﬂccAVo/dy

Signature of the Signature of the Guide
Head of the Department



[image: image20.png]BLOOD GLUCOSELEVEL (mg/dl)

300
250
200
150
100
50
0

Figure 6 b (Bajra)

fasting 1/2hr,

1hr 11/2hr
TIME (hrs)

2hr



[image: image21.png]BLOOD GLUCOSE LEVEL (mg/dl)

400
350
300
250
200
150
100
50
0

Figure b e (Standard)

v

fasting

172 hr

Thr 11/2hr
TIME (hrs)

2hr



[image: image22.png]BLOOD GLUCOSE LEVEL (mg/dl)

Figure 6 c (varagu)

350
300
250
200
150
100

50

0+
fasting 1/2hr  1hr 11/2hr

TIME (hrs)

2hr

—+— WHITE BREAD
CHAPPATHIWITHOUT FENUGREEK LEAVES

CH AP ATHIWITH FENICREEK | EAVES




[image: image23.png]BLOOD GLUCOSE LEVEL (mg/dl)

300
250
200
150
100

50

Figure 6 d (White oats)

fasting

172 hr

1hr
TIME (hrs)

1142 hr

2hr




[image: image24.png]



A  : Thenai flour

B : Bajra flour

C : Varagu flour

D : White Oats flour

E : Standard (Whole Wheat flour)



[image: image25.png]Figure 4 a (i)}-male

— I





Fenugreek leaves
(Trigonella foenum graecum)

PLATE II 

DIFFERENT MINOR MILLET FLOURS AND FENUGREEK LEAVES SELECTED FOR INCORPORATION IN WHEAT FLOUR TO  PREPARE CHAPPATHIS
[image: image26.png]


[image: image27.png]



[image: image28.png]Figure 4 b (ii) female




[image: image29.png]Figure 4 ¢ (i) male














                                  MILLET INCORPORATED CHAPPATHI (BAJRA)

A : Chappathi without fenugreek leaves

B : Chappathi with fenugreek leaves 

[image: image30.png]Figure 4 c (ii) female





[image: image31.png]Figure 4 d (i) male

ODaily ®Alternate days

OTwicein aweek OOccasionally




 


                STANDARD CHAPPATHI (WHOLE WHEAT)

A : Chappathi without fenugreek leaves

B : Chappathi with fenugreek leaves 

                                                         PLATE III
                  MILLET INCORPORATED TEST RECIPES 

                                AND 

                 STANDARD RECIPES
C. Standardization and conduct of acceptability test:


Standardization is important in order to aid the quality and quantity assurance of the products prepared (Srilakshmi, 1996) Hence, the chappathis made by incorporating the millet flours at different percent levels were standardized. Quality is the ultimate criterion of the desirability of any food product (Srilakshmi, 1996). Hence the acceptability of the test recipes were evaluated by a panel of twenty members using five point rating scale as given in Appendix B. Appearance, colour, taste, texture and flavour were the criteria used to evaluate the acceptability. With a maximum score of 25, the most acceptable variation of 40 percent incorporation was identified and selected for the study. Carbohydrate, protein, fat, energy and fibre content of the test recipes were calculated.
D. Evaluation and Computation of Glycemic Index of the Test Recipes:

Out of the two hundred type II diabetics selected, thirty subjects having no infection, gastro-intestinal disorders, food allergy and those using only oral hypoglycemic drugs were selected for feeding and evaluation of glycemic index after ascertaining their willingness to co-operate in the study.

Based on the acceptability trial, recipes with the best accepted incorporation of 40 percent level were fed to the selected diabetics. These diabetics were divided into five groups of six subjects each for determining the glycemic index of the selected recipes. The fifth group was the control group fed with the standard chappathi prepared using only whole wheat flour.  The recipe fed to the subjects group wise is presented in Table I.

TABLE I

GROUPWISE DISTRIBUTION OF THE MILLET INCORPORATED RECIPES

	Recipe
	Incorporation level
	Groups

	    Chappathi :

Thenai flour

Bajra flour
Varagu flour
White oats flour

Standard
(wheat flour)
	40%

40%
40%
40%

100%

	Group I

Group II

Group III

Group IV

Group V



The selected diabetics were requested to consume an adequate normal diet and not to consume sweet preparations for the previous three days. On the fourth day, 100 grams of white bread (reference food) providing 50 grams of carbohydrate was given to all the selected diabetics after determining their fasting blood glucose level. After consumption of white bread, blood glucose levels were tested every half an hour for two hours. Blood glucose levels were estimated by using Accu-check sensor meter (Roche) which gives results within 15 seconds. 


On the next day, millet incorporated chappathis weighing 75 grams (three numbers, 25 grams each) providing 50 grams of carbohydrate was given as breakfast to the diabetics. These diabetics were grouped in such a way that their mean fasting blood glucose level was almost same. After consuming the test recipes, blood glucose levels were tested every half an hour for two hours. Similarly, on the next day also millet incorporated chappathis incorporated with 30 grams of Trigonella foenum  graecum weighing 75 grams (three numbers, 25 grams each) providing 50 grams of carbohydrate was given as breakfast to the diabetics and their blood glucose levels were estimated as done previously(Plate-IV).

Collecting Blood Sample

PLATE IV

Computation of glycemic Index of the test recipes:


Glycemic index is defined as the incremental area under the blood glucose curve of a 50 gram carbohydrate portion of a test food expressed as a percentage of the response to 50 gram carbohydrate of a reference food taken by the same subject, on a different day (FAO/WHO, 1998). Using white bread as the reference food, glycemic index of the test recipes were calculated using the formula, 




Area under the test food curve

Glycemic Index =………………………………………   x 100




Area under the white bread curve

PHASE III: NUTRITIONAL COUNSELLING TO THE SELECTED 

                     TYPE II DIABETICS:                                                                                        

          The procedure followed in the third phase of the study consisted of the following steps:

A. Formulation and use of questionaire to elicit the nutritional knowledge                                            of the selected type II Diabetics before and after counselling.
B.    Formulation of booklet as an aid for Nutritional counselling

C.    Nutritional counselling to the selected type II diabetics.

A. Formulation and Use of Questionaire to Elicit the Nutritional Knowledge of the        Selected Type II Diabetics Before and After Counselling:


A questionaire as given in Appendix D was formulated to  elicit the information regarding the knowledge of diabetics on the etiology of diabetes, complications related to diabetes, food consumption pattern, foods to be avoided and lifestyle modification. The same questionaire was used to elicit the knowledge of the selected type II diabetics after counselling also.
B.  Formulation of Booklet as an Aid for Nutritional Counselling:


On the basis of the information collected from the survey, a booklet as given in Appendix E was formulated in local language (Tamil) for the diabetics to understand in a better way. The booklet consisted of information on the type of diabetes, complications, dietary modification to be followed including the importance of fibre in daily diet, foods to be included liberally, moderately and restricted and menu for a day’s diet providing 1500 kilo calories and 1800 kilo calories. The booklet also consisted of information regarding lifestyle modifications including importance of exercise and yoga, avoidance of smoking and alcohol consumption.

C.  Nutritional Counselling to the Selected Type II Diabetics:


Development and evaluation of nutrition education programs that appreciate and build on existing abilities of participants provide opportunities for self-directed learning and activities and build social support, social networks and trust among participants while linking them to the broader community (Arnold et.al., 2001).  Nutritional counselling was given to the thirty selected diabetics using the booklet and charts as aids.  Counselling was given in five groups each consisting of six diabetics for one hour at the investigator’s residence and the booklet was distributed to the participants(Plate-V).
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IV.  RESULTS  AND DISCUSSION


The results of the study entitled, “Development of low glycemic recipes incorporating minor millets” is presented and discussed under the following heads :

PHASE I : Eliciting Information about Socio-economic background, Dietary Pattern and History of Diabetes among Type II Diabetics.
A.Background Information of the Diabetics

B. Dietary pattern of the Diabetics

C.Lifestyle Practices of the Diabetics.

D. History of Diabetes

E. Nutritional Profile of the Diabetics

PHASE II : Development of Low Glycemic Recipes Incorporating Minor Millets and Assessing   the Glycemic Index.

A. Acceptability of Recipes Incorporated with Minor Millets.

B. Nutritive value of the Millet Incorporated Recipes.

C.Mean Blood glucose responses to the Millet Incorporated test Recipes.

D. Glycemic index of the Millet Incorporated Recipes.

PHASE III :  Nutritional Counselling to the Selected Type II Diabetics.
PHASE I: Eliciting Information about Socio-Economic Background, Dietary Pattern and History of Diabetes among Type II Diabetics.
A. BACKGROUND INFORMATION OF THE DIABETICS:

            The socio-economic background information of the diabetics are presented under the following heads:

1. Agewise Distribution:
              Table II presents the data regarding the age of the diabetics selected for the study

TABLE II
                          AGEWISE DISTRIBUTION OF THE DIABETICS

	Age in Years
	Male (n =100)

%
	Female (n =100)

%
	Total N=200

	40-45
	31
	11
	42

	45-50
	18
	25
	43

	50-55
	26
	54
	80

	>55
	25
	10
	35


                The age wise distribution of the diabetics given in the Table II revealed that a majority of male diabetics (31%) belonged to the age group of 40-45 years while 26 percent and 25 percent of the male diabetics belonged to the age group of 50-55 years and above 55 years of age respectively.  With regard to female diabetics,  a majority of 54 percent belonged to the age group of 50-55 years followed by 25 percent of female diabetics in the age group of 45-50 years.  It is evident from this data that the majority of diabetics both male and female are prone to get diabetes in their productive age (i.e.) 40-55 years of age. Type II diabetes usually occurs in people over 40 years because pancreatic insulin producing cells progressively lose their function with age (Whitney,2003).

             With regard to the educational status, a majority of 76 percent of male and 68 percent of female diabetics were literate while 24 percent of male and 32 percent of female diabetics were illiterates.  The literates had education up to primary school (male- 12 % & female- 17%), high school (male- 48 % & female- 51%), higher secondary (male- 9%) and graduation (male- 7%).

2.Occupational Profile:
            Table III presents the data regarding the occupation and income of the diabetics
                                                     TABLE III
OCCUPATION AND INCOME LEVEL OF THE DIABETICS

	Occupation and Income
	Male (n=100)

 %
	Female (n=100)

%
	Total

N=200

	Occupation

Government Employee
	21
	8
	29

	Agriculturist
	11
	9
	20

	Industrial Units (labourers)
	25
	Nil
	25

	Business
	17
	Nil
	17

	Others
	7
	5
	12

	Unemployed
	19
	78
	97

	Income*
Low Income      (<Rs. 4500)
	20
	12
	32

	Middle Income (Rs.4501-Rs.7500)
	14
	10
	24

	High Income     (>Rs.750)
	66
	78
	144


*Hudco Classification, 2004

            Considering the occupational status, Table III revealed that 21 percent of male and eight percent of female diabetics were employed in government organizations.  While 11 percent and 25 percent of male diabetics were agriculturist and working in industrial units respectively, 19 percent of the male diabetics belonged to the retired category (i.e.) they belong to the age group of above 58 years and 78 percent of female diabetics were housewives comprising the unemployed population.  Less than 12 percent of the diabetics were employed as coolies and mill workers.
            Diabetics were distributed as low income, middle income and high income groups according to HUDCO classification (2004).  A majority of 66 percent of male and 78 percent of female diabetics belonged to high income group.  The present study correlates with the view of Snehalatha et.al., (2001) who reported that poorer citizens of the cities have diabetes prevalence which is half that of their wealthier co-inhabitants because of their increased physical activity and less familiarity to westernized foods.
3.Type of Activity:
         Table IVpresents the data regarding the type of activity of the diabetics.

TABLE IV
TYPE OF ACTIVITY OF THE DIABETICS

	Activity
	Male (n=100)

%
	Female (n = 100)

%
	Total

N=200

	Sedentary
	86
	91
	177

	Moderate
	14
	9
	23

	Heavy
	Nil
	Nil
	Nil


             From Table IV, it is inferred that majority of the diabetics (male - 86 % & female - 91%) belonged to sedentary category while 14 percent of male and 9 percent of female diabetics were engaged in moderate activity.  None of the diabetics selected for the present study were engaged in heavy activity. Sedentary life style has been found to be an important causative factor in the development of diabetes (Johansson, 2007).

B. DIETARY PATTERN OF THE DIABETICS:

            Dietary pattern of the diabetics are presented under the following heads:
1. Type of Diet:

            Table V presents the data regarding the type of diet followed by the diabetics

TABLE V

                        TYPE OF DIET FOLLOWED BY THE DIABETICS

	Type of diet
	Male (n=100)
%
	Female (n=100)
%
	Total

N=200

	Vegetarian
	34
	32
	57

	Non-Vegetarian
	63
	62
	125

	Ova-Vegetarian
	3
	6
	18


          The study of the dietary pattern of the diabetics revealed that only 34 percent of male and 32 percent of female diabetics consumed vegetarian diet.  Majority of 63 percent of male and 62 percent of female diabetics preferred non-vegetarian food in their diet. Barnard et.al., (2006) quotes that low fat vegan diet improves glycemic and lipid control in type II diabetic subjects.  

Regarding meal consumption pattern, about 74 percent of male and 66 percent of female diabetics were in the habit of consuming three meals a day while 13 percent of male and 12 percent of female diabetics consumed less than three meals per day. About 13 percent of male and 22 percent of female diabetics followed a diabetic diet (i.e.) they had more than three small frequent meals in a day.
        With regard to the regularity of food intake, 77 percent of male and 88 percent of female diabetics ate at regular intervals daily, while 23 percent of male and 12 percent of female diabetics skipped meals often due to fasting, dislike to the food served and emotional instability.
2.Meal Pattern:

            Meal pattern of the diabetics are presented in Table VI
TABLE VI

MEAL PATTERN OF THE DIABETICS

	Meal
	Foods Included
	Male (n=100)
%
	Female (n=100)
%
	Total
N=200

	Breakfast
	Rice based item1
Wheat Based Item2
Others3
	67
21
12
	77
15
8
	144
36
20

	Mid-Morning
	Beverages4
Biscuits
Vegetable salad/ Fruits
Buttermilk
None
	26
28
12
18
16
	22
37
10
19
12
	48
65
22
37
28

	Lunch
	Rice + dhal+ green leafy vegetables
Rice + chappathi+dhal +
green leafy vegetables
Rice+ dhal+ other vegetables
Rice +chappathi+dhal+                     other vegetables
	4
29
58
9
	12
10
60
18
	16
39
118
27

	Evening
	Beverage
Beverage +Fried Foods5
Beverage + Steamed Food6
	36
37
27
	49
20
31
	85
57
58

	Dinner
	Rice Based Item
Wheat based item
Others
	39
54
7
	43
42
15
	82
96
22

	Bed Time
	Milk
None
	39
61
	23
77
	62
138


1. Rice based item- Idli, Dosa, Idiappam etc

2. Wheat based item – Chappathi, Wheat Dosa, uppuma

3. Others – Ragi Sevai, Bajra Sevai

4. Beverages- Coffee, Tea, Health Drinks

5. Fried foods – Vadai, Bajji, Bonda, Papad

6. Steamed Foods- Sundal

                           Meal pattern of the diabetics from Table VI revealed that majority of the diabetics (male -67% &  female -77 %) consumed only rice based item for breakfast, as rice is the staple food of South Indians.  Eighty four percent of male and 88 percent of female diabetics consumed either beverages, biscuits or vegetable salad / fruits in the mid-morning.  For lunch, the food consumed was a combination of rice, dhal and other vegetables by 58 percent of male and 60 percent of female diabetics.  Diet with a combination of rice, chappathi, dhal and green leafy vegetables was consumed by 29 percent of male and 10 percent of female diabetics during lunch.

          Fried foods were consumed as evening snack by 37 percent of male and 20 percent of female diabetics while 27 percent of male and 31 percent of female diabetics consumed steamed foods such as sundal as an evening snack.  Consumption of wheat based item during dinner was seen in 54 percent of male and 42 percent of female diabetics. Thirty nine percent of male and 23 percent of  female diabetics had the habit of consuming  milk before going to sleep.

3. Food Frequency Pattern:

             Food frequency pattern of the diabetics are presented in Table VII
TABLE VII
FOOD FREQUENCY PATTERN OF THE DIABETICS

	                                                                        Food
	Frequency
	Male (n=100)
 %
	Female (n=100)
%
	Total
N=200

	Cereals
	Daily
Weekly Twice
Weekly Once
Once in two weeks
	100
Nil
Nil
Nil
	100
Nil
Nil
Nil
	200
Nil
Nil
Nil

	Pulses
	Daily
Weekly Twice
Weekly Once
Once in two weeks
	45
43
12
Nil
	60
30
10
Nil
	105
73
22
Nil

	Green leafy vegetables
	Daily
Weekly Twice
Weekly Once
Once in two weeks
	13
44
33
10
	24
53
10
13
	37
97
43
23

	Other Vegetables

	Daily
Weekly Twice
Weekly Once
Once in two weeks
	38
41
14
7
	64
26
8
2
	102
67
22
9

	Roots & Tubers
	Daily
Weekly Twice
Weekly Once
Once in two weeks
	5
12
36
47
	4
16
15
65
	9
28
51
112

	Nuts & Oil Seeds
	Daily
Weekly Twice
Weekly Once
Once in two weeks
	19
35
31
15
	25
30
33
12
	44
65
64
27

	Fruits
	Daily
Weekly Twice
Weekly Once
Once in two weeks
	9
34
43
14
	12
41
37
10
	21
75
80
24

	Milk & Milk Products
	Daily
Weekly Twice
Weekly Once
Once in two weeks
	73
23
4
Nil
	85
13
2
Nil
	158
36
6
Nil

	Sugar
	Daily
Weekly Twice
Weekly Once
Once in two weeks
Nil
	Nil
Nil
1
17
82
	Nil
Nil
1
12
87
	Nil
Nil
2
29
169

	Non-vegetarian Foods
	Daily
Weekly Twice
Weekly Once
Once in two weeks
Nil
	Nil
Nil
38
28
34
	Nil
Nil
56
12
32
	Nil
Nil
94
40
66


           Food frequency pattern of the diabetics revealed that all the diabetics consumed cereals everyday.  Pulses were consumed daily by 45 percent of male and 60 percent of female diabetics while 44 percent of male and 53 percent of female diabetics consumed green leafy vegetables twice a week. Forty seven percent of male and 65 percent of female diabetics consumed roots and tubers rarely (i.e.,) only once in two weeks. Consumption of fruits once a week was reported in 43 percent of male and 37 percent of female diabetics.  Milk and milk products consumption was found in  73 percent of male and 85 percent of female diabetics daily. Consumption of sugar and jaggery was avoided by 82 percent of male and 87 percent of female diabetics. Non-vegetarian foods were consumed by 38 percent of  male and 56 percent of female diabetics once in a week.
4. Food Intake Pattern:
              Table VIII presents the food intake pattern of the selected diabetics in comparison with the recommended dietary allowances (RDA).
TABLE VIII
PATTERN OF FOOD INTAKE BY THE SELECTED DIABETICS

N=30

	Food Groups
	Male
	Female

	
	Recommended
Allowances*
g/ day
	Intake g/ day
	% Excess/ Deficit
	Recommended Allowances*
g/ Day
	Intake g/ day
	% Excess/ Deficit

	Cereals
	420
	280
	-33.3
	300
	240
	-20

	Pulses
	60
	50
	-16.7
	60
	50
	-16.7

	Green leafy Vegetables
	100
	75
	-25
	100
	70
	-30

	Other Vegetables
	100
	65
	-35
	100
	55
	-45

	Roots and Tubers
	200
	55
	-72.5
	100
	40
	-60

	Fruits
	100
	70
	-30
	100
	50
	-50

	Milk and Milk Products
	300
	150
	-50
	300
	150
	-50

	Sugar and Jaggery
	25
	Nil
	-100
	20
	Nil
	-100

	Non-Vegetarian Foods
	50
	70
	+40
	50
	60
	+20


*Recommended dietary Allowances for Sedentary workers: ICMR, 2004 

     Food intake pattern revealed that consumption of all food groups by both male and female diabetics except non-vegetarian foods were deficient when compared with the RDA. Cereal and pulse consumption were deficit by 33.3 percent and 16.7 percent respectively in male diabetics.  Percentage of deficit in consumption of green leafy 
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vegetables and fruits were high in female diabetics (30 % and 50 % respectively) than male diabetics (25% and 30 % respectively) when compared with RDA.  Fifty percent deficit was reported in both male and female diabetics with regard to consumption of milk and milk products when compared with the RDA.The diabetics were aware of the ill-effects of consumption of sugar and jaggery and hence none of the diabetics consumed sugar in any form.  Roots and tuber consumption was deficient by 72.5 percent and 60 percent respectively in male and female diabetics which also shows that the diabetics were aware that intake of roots and tubers will increase the blood glucose level.  This awareness was due to the impact of diet counselling given by their doctors when they go for regular health check up.  Consumption of non-vegetarian foods was excess by 40 percent and 20 percent respectively in male and female diabetics when compared with RDA(Figure 2).

5. Nutrient Intake:

           Nutrient intake of the selected diabetics in comparison with the recommended dietary allowances (RDA) is presented in Table IX.

TABLE IX
NUTRIENT INTAKE OF THE SELECTED DIABETICS

N=30

	Food Groups
	Male
	Female

	
	Recommended
Allowances*
g/ day
	Intake g/ day
	% Excess Deficit
	Recommended Allowances*
g/ Day
	Intake g/ day
	% Excess Deficit

	Energy(Kcal)
	2425
	1676
	-30.9
	1875
	1475
	-21.3

	Protein(g)
	60
	62.6
	+4.3
	50
	57
	+14

	Fat (g)
	20
	24.7
	+23.5
	20
	22.6
	+13

	Carbohydrate (g)
	-
	289.2
	-
	-
	250.8
	-

	Calcium (mg)
	400
	755
	+88.8
	400
	720.5
	+80.1

	Iron (mg)
	28
	4.6
	-83.5
	30
	4.4
	-85.2

	Vitamin A (µg)
	2400
	5318
	+121.5
	2400
	4962
	+106.8

	Thiamine (mg)
	1.2
	0.7
	-43.8
	0.9
	0.7
	-27.2

	Riboflavin (mg)
	1.4
	0.7
	-50
	1.1
	0.7
	-38.2

	Niacin (mg)
	16
	9.3
	-41.8
	12
	8.4
	-30

	Ascorbic acid (mg)
	40
	244.3
	+510.8
	40
	225.8
	+464.5

	Folic acid (µg)
	100
	95.0
	-4.9
	100
	89.3
	-10.8

	Fibre (g)
	30
	32.2
	+7.2
	30
	28.1
	-6.5


* Recommended dietary Allowances for sedentary workers: ICMR, 2004
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From Table IX, it was inferred that calorie and micro nutrients like iron and B vitamins intake was deficient in both male and female diabetics when compared with the recommended dietary allowances (RDA).  Percentage of deficit was high in male diabetics (30.9%) than female diabetics (21.3%) with regard to calorie intake when compared with RDA.  It was inferred that though the intake of protein and fat was excess by 4.3 percent and 23.5 percent respectively in male and 14 percent and 13 percent respectively in female diabetics, the calorie intake was deficit which is because of less intake of carbohydrates. Intake of Vitamin A (121.5 % and 106.8 %) Vitamin C and  (510.8 % and 464.5%) was excess in both male and female diabetics respectively even though the amount of green leafy vegetables and fruits consumed was deficit.  This is because the diabetics consumed drumstick leaves and amla regularly atleast four times a week which are rich in vitamin.  Fibre intake was excess by 7.2 percent in male diabetics while in female diabetics it was deficit by 6.5 percent.  Percentage of iron deficit was almost similar in both male and female diabetics (83.5% and 85.2 % respectively)(Figure 3).

6. Type of Oil Consumed:

            Table X presents the details regarding the type of oil consumed by the diabetics.

TABLE X

TYPE OF OIL CONSUMED BY THE DIABETICS

	Type of oil*
	Male (n=100)

%
	Female (n=100)

%
	Total

N=200

	Butter, Ghee & Hydrogenated fat
	4
	6
	10

	Gingelly oil
	100
	98
	198

	Sunflower oil
	100
	100
	200

	Groundnut oil
	65
	70
	135

	Refined groundnut oil
	62
	69
	131

	Rice bran oil
	18
	45
	63

	Palmolein & red palm oil
	11
	8
	19


* Multiple response
              Franz (2007) opines that high dietary fat intake especially saturated fat contribute to the development of diabetes.  Regarding the type of oil consumed, all the diabetics (100 %) consumed sunflower oil while only 65 and 70 percent of male and female diabetics respectively consumed groundnut oil.  Rice bran oil was consumed more by female diabetics (45%) than male diabetics (18%).  Consumption of saturated fats such as butter, ghee and hydrogenated fats was found only in 4 percent of male and 6 percent of female diabetics and that too occasionally.  Palmolein and red palm oil was consumed by 11 and eight percent of male and female diabetics. Quantity of fat consumed by both male and female diabetics was almost similar.  Forty six and 43 percent of the male and female diabetics respectively consumed 10-20 grams of sunflower oil daily while 24 percent and 22 percent of male and female diabetics respectively consumed 10-20 grams of sunflower oil daily .

7. Consumption of fried foods:

                Table XI presents the frequency of fried food consumption by the diabetics

TABLE XI
FREQUENCY OF FRIED FOOD CONSUMPTION BY THE DIABETICS
	Type of Food
	Frequency
	Male (n=100)
%
	Female (n=100)
%
	Total

N=200

	Fried foods*
	Daily

Weekly twice

Weekly once

Once in two weeks
	37

17

22

24
	20

10

24

46
	57

27

46

70

	Fast Foods**
	Daily

Weekly twice

Weekly once

Once in two weeks
	2

9

35

54
	Nil

1

10

89
	2

10

45

143


* Fried foods  : Vadai, Bonda, Chips, Murukku

** Fast Foods : Chat items

            Consumption of fried foods was comparatively higher in male diabetics than female diabetics. Thirty seven and 20 percent of male and female diabetics respectively consumed fried foods daily. Consumption of fast foods was comparatively lower than fried foods in the diabetics.  Fifty four and 89 percent of male and female diabetics respectively consumed fast foods once in two weeks.

When the diabetics were asked about the of knowledge of dietary fibres, 63 percent of male and 56 percent of female diabetics knew about the role of dietary fibre in diabetic diet while 37 and 44 percent of male and female diabetics respectively were ignorant  about dietary fibre and its role in maintaining good health. When questioned about fibre rich foods , nine percent of the diabetics reported that whole grains were the fibre rich foods, while 21 percent of the diabetics reported that green leafy vegetables and plantain stem were the fibre rich foods and 33 percent of the diabetics reported that fruits and vegetables were the fibre rich foods.

Regarding the house hold remedy followed by the diabetics to control blood glucose level, 57 percent of the male and 47 percent of the female diabetics consumed soaked fenugreek seeds and fenugreek powder along with buttermilk and water respectively in empty stomach to control blood glucose level.  

C.LIFESTYLE PRACTICES OF THE DIABETICS:
           The lifestyle practices of the diabetics are presented under the following heads.

1. Exercise Pattern:           

       Exercise pattern of the diabetics is presented in Table XII.

TABLE XII

EXERCISE PATTERN OF THE DIABETICS

	Exercise
	Frequency
	Male (n=100)

%
	Female (n=100)

%
	Total

N=200

	Performing exercise

Not performing exercise
	
	77

23
	67

33
	144

56

	If performing exercise

Type of exercise*

Walking
	Daily

Alternate days

Twice in a week

Occasionally
	32

20

13

12
	43

13

11

Nil
	75

33

24

12

	Yoga
	Daily

Alternate days

Twice in a week

Occasionally
	22

4

6 

Nil
	4

5

Nil

Nil
	26

9

6

Nil

	Gardening
	Daily

Alternate days

Twice in a week

Occasionally
	4

2

43

28
	9

4

24

30
	13

6

67

58

	Jogging
	Daily

Alternate days

Twice in a week

Occasionally
	11

2

3

8
	Nil

Nil

Nil

Nil
	11

2

3

8

	Shuttle/Tennis
	Daily

Alternate days

Twice in a week

Occasionally
	Nil

Nil

Nil

24
	Nil

Nil

Nil

Nil
	Nil

Nil

Nil

24


* Multiple response
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Exercise pattern of the diabetics showed that 77 and 67 percent of the male and female diabetics respectively had the habit of performing exercise regularly.  Ramachandran (2005) from his research quoted that by reducing the weight by seven percent through physical activity and exercise, the incidence of diabetes is decreasing by 58 percent. Walking was the only exercise performed by majority of the diabetics. Thirty two and 43 percent of male and female diabetics respectively had the habit of walking regularly for one hour.  Yoga was performed daily by 22 percent of male and by only 4 percent of female diabetics.  Eleven percent of male diabetics performed jogging daily.  Shuttle/tennis was played occasionally by 24 percent of male diabetics. When compared to male counterparts, female diabetics gave priority to household activities and they neglected exercise to maintain their health(Figure 4).

2. Personal habits :


Table XIII presents the data regarding the personal habits like alcoholism, smoking and chewing of betel leaves and pan parag of the diabetics.

TABLE XIII
PERSONAL HABITS OF THE DIABETICS

	Habits
	Male (n=100)      %
	Female (n=100)   %

	Consuming Alcohol 
Not consuming Alcohol

If consuming, 
     Regularly 
     Occasionally
	17

83

4

13
	-

	Smoking 

Not Smoking

If Smoking,

    Cigarette

     Beedi
	50

50

35

15
	-

	Chewing Panparag/Betel leaves/ Tobacco

Not chewing Panparag/Betel leaves/ Tobacco

If chewing, 

    Pan parag

    Betel leaves/Tobacco
	42

58

15

27
	15

85

Nil

15



It was inferred that 17 percent and 50 percent of male diabetics had the habit of consuming alcohol and smoking respectively. Thirteen percent of diabetics consumed alcohol occasionally while only four percent consumed alcohol regularly. With regard to smoking 35 percent of the male diabetics smoked cigarette while 15 percent of them smoked beedi. Female diabetics had the habit of only chewing betel leaves/tobacco and that too only 15 percent had this habit while 27 percent of male diabetics chewed  betel leaves/tobacco.
D. HISTORY OF DIABETES :

1. Duration of diabetes :

Table XIV depicts the information regarding the number  of years, the diabetics suffered from diabetes mellitus.

Table XIV
DURATION OF DIABETES MELLITUS 

	Duration in years
	Male n=100
%
	Female n=100    %
	Total         
N=200

	<5
5-10
10-15
>15
	40
32
25
3
	35
38
23
4
	75
70
48
7



Forty and 35 percent of male and female diabetics respectively were suffering from diabetes for less than five years. While 32 percent of male and 38 percent of female diabetics were suffering from diabetes for the past 5-10 years, 25 percent of male and 23 percent of female were diabetic for 10-15 years respectively. In both the sexes, less than five percent of diabetics were suffering from this disease for more than 15 years.

2. Age of onset of diabetes:

Table XV presents the details regarding the age of onset of diabetes among the diabetics.

TABLE XV

AGE OF ONSET OF DIABETES 

	Age of onset in years
	Male (n=100)

%
	Female (n=100)

%
	Total 

N=200

	35-40

40-45

45-50
	30

47

23
	10

59

31
	40

106

54



Majority of male (47%) and female (59%) turned to be a diabetic at the age of 40-45 years (i.e) their productive years of life. About 30 percent of male and 10 percent of female turned to be diabetic at the age of 35-40 years. It was inferred from this data that men are more prone to get diabetes than women at an early age.

3. Family History:

Table XVI presents the data regarding the family history of diabetes.

Table XVI
FAMILY HISTORY OF DIABETES

	Family History*
	Male(n=100)
%
	Female (n=100)

%
	Total 
N=200

	Heredity,   
          Yes 

          No

If yes,
Father

Mother

Both parents

Paternal grand father

Paternal grand mother

Maternal grand father

Maternal grand mother 

Siblings


	91

9

10

44

7

17

13

57

21

17
	76

24

42

13

21

17

40

12

Nil
13
	167

33

52

57

28

34

53

69

21

30




*Multiple Response


Regarding the family history, it was inferred that majority of the diabetics (male-91% and female-76%) had a family history of diabetes. The propensity to become a diabetic is higher in Indians (Gupta, 2007). The percentage of male with a diabetic mother (44%) and a diabetic maternal grandfather (57%) was higher whereas the majority of female diabetics had father (42%) and paternal grandmother (40%) suffering from diabetes. Seventeen and 13 percent of male and female diabetics respectively had their siblings also suffering from diabetes(Figure 5).
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Regarding the type of treatment undertaken, it was inferred that a majority of diabetics (male-96% and female 97%) undertook allopathic treatment while four percent of male and three percent of female diabetics were under siddha treatment.

4. Symptoms observed:

Table XVII presents the data regarding the signs and symptoms observed in diabetics at the time of diagnosis. 
TABLE XVII
SYMPTOMS OBSERVED IN DIABETICS
	Symptoms observed*
	Male (n=100)
%
	Female (n=100)
%
	Total

N=200

	Polyuria
	15
	29
	44

	Polyphagia
	20
	27
	47

	Polydipsia
	17
	31
	48

	Hyperglycemia
	76
	81
	157

	Delayed Wound Healing
	11
	9
	20

	Fatigue
	27
	35
	62

	Visual disturbance
	75
	90
	165

	Leg pain & Back pain
	25
	60
	85


* Multiple response


Regarding the symptoms observed, it was inferred that visual disturbance was the major symptom observed in 75 percent and 90 percent of male and female diabetics respectively. Leg pain and back pain was observed in majority of the female diabetics (60%) than male diabetics (25%). The percentage of symptoms such as polyuria, polyphagia and polydipsia were predominant in female diabetics (29%, 27% and 31%) than in male diabetics (15%, 20% and 17%). Less than 12 percent of the diabetics had the symptom of delayed wound healing.

5. Complications :


Table XVIII presents the data regarding the complication caused due to diabetes.

TABLE XVIII
COMPLICATIONS DUE TO DIABETES 

	COMPLICATIONS
	MALE (n=100) %
	FEMALE (n=100)
%
	TOTAL N=200

	Hypertension

Cardiovascular disease

Hypertension + Cardiovascular disease

Hypertension + Retinopathy

Kidney disease

Retinopathy

Neuropathy

Foot Ulcer
	54

5

9

7

4

12

6

3
	51

4

11

6

6

16

4

2
	105

9

20

13

10

28

10

5


Chronic diabetic complications are the major cause of morbidity and mortality in developing countries (World Health Organisation, 2007). From table XVII it was inferred that majority of the diabetics (male-54% and female 51%) had hypertension. While five percent of male and four percent of female diabetics had cardio-vascular complications, nine percent of male and 11 percent of female diabetics had a combination of hypertension and cardiovascular complications. Retinopathy was observed in 12 percent of male and                      16 percent of female diabetics. Less than eight percent of the diabetics (both sexes) had a combination of hypertension and retinopathy. Neuropathy was found in six and four percent of male and female diabetics respectively. Foot ulceration was rarely present and only less than five percent of the diabetics suffered from this complication.
E. NUTRITIONAL PROFILE OF THE DIABETICS:


The nutritional status of the diabetics is presented under the following heads:

1. Anthropometric measurements:


Table XIX presents the data regarding the body mass index and waist to hip ratio of the diabetics.
TABLE XIX
BODY MASS INDEX AND WAIST-TO HIP RATIO OF 

THE DIABETICS
	Criteria
	Male (n=100)
%
	Female (n=100)
%
	Total N=200

	Body mass Index (BMI)*

Underweight (<20)

Normal (20-25)

Grade-I obesity (25-30)

Grade-II obesity(30-40)

Grade-III obesity (>40)
	4

14

25

57

Nil
	3

24

30

43

Nil
	7

38

55

100

Nil

	Waist to hip ratio**
Male

>1.0 (High risk)

0.9-1.0 (Moderate risk)

<0.9 (Low risk)
	55

27

18
	-

-

-
	55

27

18

	Female

>0.85(High risk)

0.80-0.85 (Moderate risk)

<0.80 (low risk)
	-

-

-
	53

22

25
	53

22

25


* BMI-Kg/m2
* Bamji, 2004



** American Council on Exercise, 2006

Data given in Table XIX revealed that majority of the diabetics (male 57%; female 43%) had body mass index between 30 to 40 and were grade-II obese. Twenty five percent of male and 30 percent of female diabetics belong to grade-I obesity. According to Sadhukhan (2005), higher rate of type II diabetes may be etiologically linked to the morbid obesity and associated insulin resistance. Less than five percent of the diabetics were underweight. Regarding the waist to hip ratio, majority of male (55%) and female (53%) had a waist to hip ratio greater than 1.0 and 0.85 respectively and were at a high risk for developing diabetic complications. Eighteen and 25 percent of male and female diabetics respectively had a waist to hip ratio lower than 0.9 and 0.8 respectively and were at a lower risk of developing diabetic complications. This study correlates with the view of Gimeno et.al.,(2001) who reported that higher value of waist to hip ratio was observed among subjects who developed diabetes.

2. Biochemical data:

Table XX presents the blood glucose profile and glycosylated haemoglobin level of the diabetics.

TABLE XX

BLOOD GLUCOSE PROFILE OF THE DIABETICS

	Blood Glucose level 
	Male (n=100)               %
	Female (n=100)         %
	Total  N=200

	Fasting blood glucose level
(mg/dl)
<120                                                         120-150                                                 >150


Postprandial Blood Glucose level (mg/dl)

<200                                                        200-250                                                   >250
	2                            85                        13

3                          81                          16
	3                         90                                    7

5                          82                            13
	5           175           20

8         163           29

	Glycosylated haemoglobin level (%)

Normal (<5.6)                                             Good Control (5.6-7)                                    Fair Control (7-8)                       Unsatisfactory control (8-10)                Poor control (>10)
	2                         35                        43                            20                        Nil
	3                               32                       52                            13                       Nil
	5             67             95             33           Nil



Blood glucose profile of the diabetics revealed that majority of the diabetics (male 85% and female 90%) had fasting blood glucose level between 120-150 mg/dl. Thirteen and seven percent of male and female diabetics did not maintain normal blood glucose level and they had fasting blood glucose level greater than 150 mg/dl. Only a minimum of diabetics were health conscious and they maintained normal blood glucose levels. The same trend was also reflected in their postprandial blood glucose level. 

Glycosylated haemoglobin level is an excellent index of long-term diabetes control, preceding over 2-3 months. A majority of diabetics (male 43%; female 52%) had fair control over diabetes while 20 percent of male and 13 percent of female diabetics had unsatisfactory control over diabetes. Only less than three percent of the diabetics had normal glycosylated haemoglobin level.
PHASE II : Development of Low Glycemic Recipes Incorporating Minor Millets and  Assessing   the Glycemic Index.


The result of Phase I of the present study showed that the diabetics were ignorant about blood glucose management and low glycemic index foods. Therefore, Phase II was planned to develop low glycemic index foods that can help diabetics in better management of blood glucose level. The result of the phase II are presented and discussed under the following heads.

A. Acceptability of recipes incorporated with minor millets.


Table XXI presents the data regarding the acceptability scores for the millet incorporated recipes.

Table XXI

MEAN ACCEPTABILITY SCORES FOR THE MILLET INCORPORATED RECIPES

MAXIMUM   SCORES : 25
	Recipes and Variation
	Thenai flour
	Bajra flour
	Varagu flour
	White oats flour

	
	10-15
	15-20
	20-25
	10-15
	15-20
	20-25
	10-15
	15-20
	20-25
	10-15
	15-20
	20-25

	Chappathi:

I (20%)

II (40%)

III (60%)
	Nil

Nil

10
	17

Nil

Nil
	Nil

21

Nil
	Nil

Nil

13
	20

Nil

Nil
	Nil

22

Nil
	Nil

Nil

11
	16

Nil

Nil
	Nil

24

Nil
	Nil

Nil

12
	17

Nil

Nil
	Nil

23

Nil



The development and use of standardized recipes comprises one of the most important tools available to control costs and ensure product consistency and quality (Arora, 2007). Appearance, colour, taste, texture and flavor were the criteria used to evaluate the acceptability of the variations. In the recipe chappathi, minor millets (thenai, bajra, varagu and white oats) were incorporated at 20 percent, 40 percent and 60 percent levels and the scores were given by five point rating scale. Millet incorporated chappathi at 40 percent level was most acceptable with maximum scores of 21,22,24 and 23 respectively for thenai, bajra, varagu and white oats. Chappathi developed incorporating 60 percent of millet flours was unacceptable with minimum scores because of the hardness, off flavour and after taste of the receipe which was due to the high fibre content and lack of gluten in the millets. Chappathi developed incorporating at 20 percent level was similar to the standard chappathi and hence not selected for the study.

B. Nutritive Value of the Millet Incorporated Recipes:


Table XXII presents the data regarding the nutritive value of the millet incorporated recipes fed as breakfast to the subjects for the evaluation of glycemic index.

TABLE XXII

NUTRITIVE VALUE (PER 100g) OF THE MILLET INCORPORATED RECIPES

	Recipes
	Energy (Kcal)
	Protein (g)
	Fat(g)
	Carbohydrate (g)
	Total Dietary Fibre (g)

	Chappathi without fenugreek leaves

Thenai

Bajra

Varagu

White oats

Standard

Chappathi with fenugreek leaves

Thenai

Bajra

Varagu

White oats

Standard
	337

349

328

354

341

351

363

342

369

356
	12.2

11.9

10.6

12.7

12.1

13.5

13.2

11.9

14.0

13.4
	2.7

3.0

1.6

4.1

1.7

3.0

3.3

1.9

4.3

2.0
	66

69

68

67

69

68

70

70

69

71
	17.4

12.0

22.6

11.5

12.5

18.8

13.4

24.0

12.9

13.9



It is evident from the data that the total dietary fibre content of all the millet incorporated recipes were increased compared to the standard. Fenugreek leaves incorporated millet chappathi had total dietary fibre content higher than the millet flour incorporated chappathi. Therefore it is evident that there is an increase in total dietary fibre content due to the incorporation of fenugreek leaves. It was inferred from the data that the protein content of the white oats incorporated chappathi was fairly increased compared to the standard. There was not much difference in the other nutrients because millets belong to the cereal category and have the nutrient contents almost similar to wheat. According to Schulze et.al.,(2007), higher cereal fibre intake was inversely associated with diabetes risk.

C. MEAN BLOOD GLUCOSE RESPONSES OF THE MILLET INCORPORATED TEST RECIPES :


Table XXIII presents the data regarding the mean blood glucose responses of the selected  diabetics after consumption of standard and millet incorporated recipes.
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The fasting blood glucose levels of the type II diabetics selected for the evaluation of glycemic index ranged from 120 mg/dl to 160 mg/dl to 160 mg/dl. The diabetics were grouped in such a way that their mean fasting blood glucose levels were almost similar. The individual blood glucose responses of the diabetics are given in Appendix C. One hour after consumption of millet incorporated recipes, bajra incorporated chappathi registered low blood glucose response (228.6 ±66.4 mg/dl) followed by white oats incorporated chappathi (255.6 ±61.0 mg/dl). Standard chappathi prepared out of whole wheat flour registered the highest blood glucose response with a peak value of 328.3±11.2 mg/dl. Similarly, at postprandial state also, bajra incorporated chappathi registered low blood glucose response of 146.2±47.0 mg/dl followed by white oats incorporated chappathi (173.4±53.5 mg/dl). Standard chappathi prepared out of whole wheat flour registered highest blood glucose response of 199.7±11.2 mg/dl. Hence, it was inferred that millet incorporated chappthis brought down the post prandial blood glucose levels as near as the fasting blood glucose levels than the standard chappathi. It was also inferred that chappathi prepared with fenugreek leaves registered low blood glucose response one hour after consumption (256.3±53.6 mg/dl) and also at post prandial state (160.1±38.8 mg/dl) compared to the chappathi prepared without fenugreek leaves (2.77.2±59.9 mg/dl and 179.1±46.1 mg/dl respectively). This difference in the blood glucose responses was reflected in the glycemic index value also. Statistical analysis revealed that at postprandial state, there was a signiference difference at 5 percent level between group I, group II, group IV and group V. It was also evident that there was a significant difference at 5 percent level between white bread, chappathi without fenugreek leaves and chappathi with fenugreek leaves.
Figure 6 (a to e) shows the variation in the glycemic response of different millet incorporated recipes.  With regard to the chappathi prepared without fenugreek leaves, the incorporation of millets namely thenai, bajra, varagu and white oats showed reduced post prandial blood glucose level of 193 mg/dl, 145 mg/dl, 186 mg/dl and 171 mg/dl respectively when compared to 199 mg/dl for standard and 213 mg/dl for white bread.  With regard to chappathi prepared with fenugreek leaves, the incorporation of millets namely thenai, bajra, varagu and oats showed reduced post prandial blood glucose level of 159 mg/dl, 129 mg/dl, 166 mg/dl and 158 mg/dl respectively when compared to 187 mg/dl for standard and 213 mg/dl for white bread.
D.  Glycemic Index of the Millet Incorporated Recipes:


Table XXIV presents the data regarding the glycemic index of the millet incorporated recipes and the standard recipes.

TABLE XXIV

GLYCEMIC INDEX OF THE MILLET INCORPORATED RECIPES AND THE STANDARD RECIPE

	GROUPS
	GLYCEMIC INDEX

	
	MILLET INCORPORATED RECIPES
	STANDARD RECIPE

	Chappathi without fenugreek leaves:

I   (Thenai)

II  (Bajra)

III (Varagu)

IV  (White Oats)
	93.3
90.5

92.5

91.8
	94.4

	Chappathi with fenugreek leaves:

I   (Thenai)

II  (Bajra)

III (Varagu)

IV  (White Oats)
	81.9

84.8

85.9

85.1
	89.8



Table XXIV revealed that all the millet incorporated recipes registered low glycemic index compared to the standard recipe which may be due to the high fibre content of the millets.  Millet incorporated chappathis prepared with fenugreek leaves registered low glycemic index than the millet incorporated chappathi prepared without fenugreek leaves (Figure 7).  This is due to the hypoglycemic effect of fenugreek leaves attributed to its nature of fibre and its viscosity which perhaps caused delayed gastric emptying, decreased intestinal transit time and delayed nutrient absorption (Wanle et.al., 2007).
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With regard to millet incorporated chappathi prepared without fenugreek leaves, bajra registered a low glycemic index (90.5) when compared to the standard (94.4) followed by white 
oats (91.8), varagu (92.5) and thenai (93.3).  With regard to millet incorporated chappathi prepared with fenugreek leaves, thenai registered a low glycemic index (81.9) when compared to the standard (89.8) followed by bajra (84.8), white oats (85.1) and varagu (85.9).  According to Jenkins (2007), different carbohydrate foods with the same amount of available carbohydrate produce different glycemic responses.  Diets rich in whole grains have been associated with a reduction in the rise of coronary heart disease and type II diabetes due to its low glycemic index and greater particle size (Mckeown et.al., 2002).

PHASE III : NUTRITIONAL COUNSELLING TO THE SELECTED TYPE II DIABETICS

The  result of phase I of the present study revealed that the diabetics were ignorant about blood glucose management. Hence, phase III was planned to give nutritional counselling regarding the dietary and lifestyle modification to the selected type II diabetics. The results of the Phase III are presented and discussed below:

Table XXV presents the data regarding the change in mean score for nutrition knowledge after nutritional counselling in the selected type II diabetics.
TABLE  XXV

CHANGE IN NUTRITION KNOWLEDGE AFTER NUTRITIONAL COUNSELLING.

	Mean Scores* (N=30)

	Pre-test scores (Mean ±S.D)

Post-test scores (Mean ±S.D)

Mean difference ±S.D

t-value
	47.33±15.41

79.67±10.17

32.34±17.41

4.454**


* Total Marks = 100

** Significant at 1 percent level

Table XXV revealed that there was an increase in nutrition knowledge in the selected type II diabetics after nutritional counselling (Figure 8). Statistical analysis revealed that the increase in nutrition knowledge after counselling was significant at one percent level.
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V.  SUMMARY AND CONCLUSION


India leads the world with largest number of diabetic subjects earning the dubious distinction of being termed the “diabetes capital of the world”. Hence the present study entitled, “Development  of Low Glycemic Recipes Incorporating Minor Millets” was done with the objective to develop low glycemic recipes to assist the diabetics in controlling the postprandial blood glucose through dietary modification. The study was done incorporating minor millet flours such as thenai, bajra, varagu and white oats that are rich in complex carbohydrates and total dietary fibre at 20 percent, 40 percent and 60 percent levels in wheat flours and chappathis were prepared. Variations were made by incorporating 30 grams of Trigonella foenum graecum (fenugreek leaves) in 100 grams of wheat flour and minor millets flours and prepared chappathis. These chappathis were standardized and their glycemic index was assessed by feeding them to the selected type II diabetics. The socio-economic background, dietary pattern and anthropometric measurement of 200 type II diabetics comprising 100 males and 100 females in the age group of 40-60 years were studied using an interview schedule. Nutritional counselling regarding complications of diabetes, management of diabetes by dietary and lifestyle modification was given to the selected type II diabetics and their nutrition knowledge was assessed by using a questionaire. 

The salient findings of the study are summarized as follows :

· In phase I of the study, majority of the diabetics, both male and female are prone to get diabetes in their productive age (i.e.,) 40-55 years of age.

· Seventy eight percent of female diabetics were housewives and 25 percent of male diabetics were industrial labourers. Less than 12 percent of the diabetics were employed as coolies and mill workers.

· Sixty six percent of male and 78 percent of female diabetics belonged to high income group. Eight six percent of male and 91 percent of female diabetics belonged to sedentary category and none of them were engaged in heavy activity.

· Sixty three percent of male and 62 percent of female diabetics were non-vegetarians. Rice based item was consumed by 67 percent of male and 77 percent of female diabetics for breakfast. Diet with a combination of rice, chappathi, dhal and green leafy vegetable was consumed by 29 percent of male and 10 percent of female diabetics during lunch. Consumption of wheat based item during dinner was seen in 54 percent of male and 42 percent of female diabetics.

· Percentage of deficit in consumption of green leafy vegetables and fruits were high in female diabetics (30% and 50% respectively) than male diabetics (25% and 30% respectively) when compared with recommended dietary allowances. The diabetics were aware of the ill-effects of consumption of sugar and jaggery and hence none of the diabetics consumed sugar in any form.

· Calorie and micro nutrients like iron and B vitamins intake were deficient in both male and female diabetics when compared with the recommended dietary allowances. 

· Fibre intake was excess by 7.2 percent in male diabetics while in female diabetics it was deficit by 6.5 percent.

· All the diabetics consumed sunflower oil. Consumption of saturated fats such as butter and ghee was found only in four percent of male and six percent of female diabetics and that too it was consumed only occasionally.

· Consumption of fried foods was comparatively higher in male diabetics that female diabetics.

· Walking was the only exercise performed by majority of the diabetics. When compared to male counterparts, female diabetics gave priority to household activites and they neglected exercise to maintain their health and blood glucose level.

· Seventeen percent and 50 percent of male diabetics had the habit of consuming alcohol and smoking respectively. Fifteen percent of female diabetics had the habit of chewing betel leaves/tobacco.

· Forty and 35 percent of male and female diabetics were suffering from diabetes for less than five years. Less than five percent of diabetics were suffering from this disease for more than 15 years. 

· Forty seven percent of male and 59 percent of female diabetics turned to be diabetic at the age of 40-45 years (ie) at their productive years of life.

· Ninety one percent of male and 76 percent of female diabetics had a family history of diabetes. The percentage of male with a diabetic mother (44%) and a diabetic maternal grandfather (57%) was higher whereas the majority of female diabetics had father (42%) and paternal grandmother (40%) suffering from diabetes.

· Visual disturbance was the major symptom observed in 75 percent and 90 percent of male and female diabetics at the time of diagnosis of diabetes.

· Regarding the complications present due to uncontrolled blood glucose level, 54 percent of male and 51 percent of female diabetics had hypertension. Retinopathy was the complication present in 12 percent of male and 16 percent of female diabetics. Foot ulceration was rarely present (less than five percent) in the diabetics. 

· Fifty seven percent of male and forty three percent of female diabetics had body mass index between 30 to 40 and were grade II obese. Fifty five percent of male and 53 percent of female diabetics had a waist to hip ratio greater than 1.0 and 0.85 respectively.

· Regarding the blood glucose profile, only a minimum of less than five percent of the diabetics were health conscious and maintained normal blood glucose levels while 43 percent of male and 52 percent of female diabetics had fair control over diabetes which was reflected by their fasting and postprandial blood glucose levels and glycosylated haemoglobin level.

· In phase II of the study, millet incorporated chappathi at 40 percent level was most acceptable with maximum scores.

· Total dietary fibre content of all the millet incorporated recipes were increased compared to the standard chappathi. Fenugreek leaves incorporated millet chappathi had total dietary fibre content higher than the millet flour incorporated chappathi.

· One hour after consumption of millet incorporated recipes, bajra incorporated chappathi registered low blood glucose response of 228.6±66.4 mg/dl followed by white oats incorporated chappathi (255.6±61.0 mg/dl). Standard chappathi prepared out of whole wheat flour registered the highest blood glucose response with a peak value of 328.3±11.2 mg/dl.

· At postprandial state also, bajra incorporated chappathi registered low blood glucose response of 146.2±47.0 mg/dl followed by white oats incorporated chappathi (173.4±58.5 mg/dl). Standard chappathi prepared out of whole wheat flour registered highest blood glucose response of 199.7±11.2 mg/dl. Millet incorporated chappathis brought down the postprandial blood glucose levels near as the fasting blood glucose levels than the standard chappathi.

· Post prandial blood glucose responses when chappathi with fenugreek leaves was fed was comparatively lower (160.1±38.8 mg/dl) than when chappathi without fenugreek leaves was fed (179.1±46.1 mg/dl). This difference was reflected in glycemic index values too.

· Statistical analysis revealed that at post prandial state, there was a significant difference at 5 percent level between group I, group II, group IV and group V. There was also significant difference at 5 percent level between white bread, chappathi without fenugreek leaves and chappathi with fenugreek leaves.

· All the millet incorporated recipes registered low glycemic index compared to the standard recipes. Millet incorporated chappathis prepared with fenugreek leaves registered low glycemic index than the millet incorporated chappathis prepared without fenugreek leaves. Bajra incorporated chappathi without fenugreek leaves registered low glycemic index of 90.5 when compared to the standard, 94.4 followed by white oats with 91.8. Varagu registered a glycemic index value of 92.5 and thenai, 93.3. With regard to millet incorporated chappathi prepared with fenugreek leaves, thenai registered a low glycemic index of 81.9 when  compared to the standard, 89.8 followed by bajra, 84.8; white oats, 85.1 and varagu, 85.9.
· In phase III of the study, statistical analysis revealed that the increase in nutrition knowledge after counselling was significant at one percent level.

SUGGESTIONS


Dietary modification is the cornerstone of diabetes management. Hence including low glycemic recipes that are high in complex carbohydrates and total dietary fibre in the daily diet do not cause a rapid rise in blood glucose levels and would prove to be more useful, simple, effective, easily available and economically affordable dietary modification for the effective management of type II diabetes.
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APPENDIX  A

AVINASHILINGAM UNIVERSITY FOR WOMEN
AN INTERVIEW SCHEDULE TO ELICIT THE SOCIO-ECONOMICS BACKGROUND, DIETARY PATTERN & HISTORY OF DIABETES OF THE DIABETIC SUBJECTS

I. BACKGROUND INFORMATION

1. NAME OF THE SUBJECT

:

2. NAME OF THE HOSPITAL

:

3. NAME OF THE DOCTOR

:

4. AGE




:

5. SEX





:

6. EDUCATION



:

7. ADDRESS




:

8. OCCUPATION



:

9. MONTHLY INCOME


:

10. TYPE OF ACTIVITY 


: SEDENTARY
           MODERATE






              HEAVY

11. TYPE OF FAMILY


:  JOINT FAMILY        







  NUCLEAR FAMILY

12. COMPOSITION OF THE FAMILY
:

	S.NO
	NAME
	RELATION
	AGE
	SEX
	OCCUPATION
	EDUCATION
	INCOME

	
	
	
	
	
	
	
	


13. TOTAL FAMILY INCOME
: (HUDCO 2004)

LOW INCOME

[BELOW Rs. 4,500]

MIDDLE INCOME
[Rs.4,501 to Rs. 7,500]

HIGH INCOME

[Above Rs. 7,500]

II DIETARY PATTERN

14. ARE YOU A VEGETARIAN


NON VEGETARIAN








OVA VEGETARIAN

15. HOW MANY MEALS DO YOU CONSUME PER DAY?

3 Meals

        Less than 3Meals


More than 3 Meals

16. Do you eat at regular intervals?


Yes



No

17. Do you skip meals?


Yes 



Reason :


No



Reason :

18. Describe briefly about your daily food intake:


Early Morning

:


Breakfast

:


Mid Morning

:


Lunch


:


Tea


:


Dinner


:


Bed Time

:

19. FOOD CONSUMPTION PATTERN

	S.NO
	FOOD GROUPS
	QUANTITY
	FREQUENCY
	
	
	

	
	
	
	daily
	weekly twice
	weekly once
	once in two weeks

	I
	CEREALS:

Rice

Ragi

Wheat

Millets

Any other
	
	
	
	
	

	II
	PULSES:

Bengal gram Dhal        

Black gram Dhal

Red gram dhal

green gram

green gram dhal

Bengal gram

Soya bean

Any other
	
	
	
	
	

	III
	GREEN LEAFY VEGETABLES

Agathi

Amaranth

Drumstick leaves

Fenugreek leaves

Coriander leaves

Curry leaves

Any other
	
	
	
	
	

	IV
	OTHER VEGETABLES

Drumstick

Beans

Brinjal

Ladies finger

Bitter gourd

Snake gourd

Ridge gourd

Bottle gourd

Any other
	
	
	
	
	

	V
	ROOTS & TUBERS:

Potato

Onion

Carrot

Beetroot

Yam

Any other
	
	
	
	
	

	VI
	NUTS & OKSEEDS

Coconut

Groundnut

Almond

Pista

Cashewnut

Sesame
	
	
	
	
	

	VII
	FRUITS:

Apple

Banana

Dates

Grapes

Mango

Orange

Papaya

Guava

Line

Sweet lime

Pomegranate

Sappota

Any other
	
	
	
	
	

	VIII
	MILK & MILK PRODUCTS:

MILK

    1. Cow

    2. Buffalo

Curd

Buttermilk

Ghee

Cheese

Paneer

Any other
	
	
	
	
	

	IX
	SUGAR & JAGGERY
Sugar

Honey

Sugarcane

Jaggery

Palm Jaggery

Any other
	
	
	
	
	

	X
	NON – VEGETARIAN
Egg

Chicken

Fish

Gab/Prawn

Beef/Pork

Meat

Any other
	
	
	
	
	


20. COOKING METHODS USED IN VARIOUS FOOD PREPARATIONS:

Raw

:

Frying

:

Baking

:

Steaming

:

Boiling

:

Stewing

:
21. Type of Fats & Oils used in Cooking.

	S.NO
	TYPES OF FATS & OILS
	QUANTITY
	FREQUENCY

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.
	Butter

Ghee 

Dalda

Gingelly Oil

Groundnut Oil

Palmalein Oil

Sunflower Oil

Refined groundnut Oil

Rice Bran Oil

Red Palm Oil

Any other
	
	


22. CONSUMPTION OF FRIED FOODS:
	S.No
	Type of food
	Quantity (No)
	Frequency

	
	
	
	Daily
	Weekly twice
	Weekly once
	Once in two weeks

	1.

2.

3.

4.

5.
	Vadai

Bajji

Bonda

Samosa

Any other
	
	
	
	
	


23. Do you know anything about Dietary Fibre?

Yes


No

If yes, what do you know? List foods that are rich in dietary fibre?

24. Do you follow any house hold remedy to control blood glucose level? (Eg.) Including Methi Powder. 

Yes


No

If yes, List, ________________________
III LIFE STYLE PRACTICES:

25. Do you have the habit of doing regular Exercise?

Yes



No

If yes, Type of Exercise
	EXERCISE
	DURATION

	
	Daily
	Alternate Days
	Twice in a week
	Occasionally

	
	0-30

min
	30-60 min
	0-30 min
	30-60 min
	0-30 min
	30-60 min
	0-30 min
	30-60 min

	Walking

Yoga

Gardening

Jogging

Cycling

Swimming

Shuttle/Tennis

Volley ball

Any other
	
	
	
	
	
	
	
	


26. Do you have the habit of consuming Alcohol?

Yes


No

If yes
Regular

Occasional

Quantity _______________
Frequency
_______________

For how long do you have this habit years ____________ Months______________

27. Do you have the habit of smoking?

Yes


No

If yes

Cigarette
Beedi

Any other

No.of Cigarettes per day -------------------------

For how long do you have this habit?


Years ___________
Months_________________

28. Do you have the habit of chewing

Pan Parag

Yes


No

Betel Leaves
Yes


No

Tobacco

Yes


No

Duration

Years ________________ Months _________________

29. Do you drink coffee/ Tea/ Health Drinks / Anyother?

Yes


No

If yes, No. of cups per day

with sugar
without sugar

use of Artificial sweeteners
Yes

No

Quantity / Cup ___________________
Specify ____________________

IV. HISTORY OF DIABETES:

30. How long do you have this disorder?

Duration: 
Days / Months / Years______________

31. What was the age of onset of Diabetes? ______________

32. Are you IDCM (or) NIDDM?

33. History  of Diabetes in the family.

Yes 

No

If yes, Relationship

Father 



Mother

Both

Paternal – grand Father

Paternal 
Grand Mother
Both

Maternal – grand Father

Maternal
Grand Mother
Both

Siblings
Brother

Sister

Other Relatives

34. Type of Treatment Undergoing at Present:

Naturopathy

Ayurvedic

Homeopathy

Siddha

Unani

Allopathy

None

35. What are symptoms observed at the onset of Diabetes?

	S.NO
	SYMPTOMS
	AT THE TIME OF DIAGNOSIS
	AT PRESENT

	
	
	YES/NO
	NA
	YES/NO
	NA

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.
	Polyuria

Polyphagia

Polydipsia

Weight loss

Hypuglyamia

Delayed wound Healing

Fatigue

Constipation

Visual Disturbance

Insomnia

Shivering

Infections

Leg pain

Back pain
	
	
	
	


36. Do you have any of the following complications

Hypertension

Diabetic foot disease

Kidney Disease

Cardio Vascular disease

Diabetic Retinopathy

Diabetic Neuropathy

Diabetic Nephropathy

Liver Disease

Hypertension + CVD

Hypertension + Diabetic Retinopathy

Hypertension + Kidney Disease

Diabetic foot Disease + Diabetic Retinopathy

Diabetic foot Disease + CVD

CVD + Liver Disease

37.Do you have any other complication other than mentioned above.

 Yes


No

38. ANTHROPOMETRIC MEASUREMENTS:

(a) Height in cm




:

(b) Weight in kg




:

(c) Body mass Index [wt in kg/ht in m2]

:

(d) Waist in cm




:

(e) Hip in cm




:

(f) Waist / Hip Ratio



:

V. BIOCHEMICAL ASSESSMENTS

41. BLOOD GLUCOSE LEVEL (mg/dl)



Fasting

:



Post Prandial
:
 

Appendix  B

SCORE CARD TO RATE THE ACCEPTABILITY OF THE TEST RECIPES

NAME       :                                                                      DATE:

PRODUCT:

SAMPLE A

	CHARACTERISTIC
	EXCELLENT

(5)
	V.GOOD

(4)
	GOOD

(3)
	FAIR

(2)
	POOR

(1)
	TOTAL

	APPEARANCE

COLOUR

TASTE

TEXTURE

FLAVOUR
	
	
	
	
	
	



                                                         SAMPLE B

	CHARACTERISTIC
	EXCELLENT

(5)
	V.GOOD

(4)
	GOOD

(3)
	FAIR

(2)
	POOR

(1)
	TOTAL

	APPEARANCE

COLOUR

TASTE

TEXTURE

FLAVOUR
	
	
	
	
	
	


                                                      SAMPLE C

	CHARACTERISTIC
	EXCELLENT

(5)
	V.GOOD

(4)
	GOOD

(3)
	FAIR

(2)
	POOR

(1)
	TOTAL

	APPEARANCE

COLOUR

TASTE 

TEXTURE FLAVOUR
	
	
	
	
	
	


SIGNATURE:
Appendix C

INDIVIDUAL BLOOD GLUCOSE RESPONSES OF THE SELECTED DIABETICS BEFORE AND AFTER ADMINITRATION OF WHITE BREAD AND MILLET INCORPORATED TEST RECIPES
GROUP I : THENAI :

	a) WHITE BREAD:-

	S. No.
	FASTING
	½ Hr.
	1 Hr.
	1 ½ Hr.
	2 Hr.

	1
	186
	320
	394
	332
	287

	2
	222
	304
	349
	300
	285

	3
	150
	283
	350
	276
	243

	4
	125
	250
	307
	264
	204

	5
	103
	202
	288
	207
	130

	6
	130
	257
	317
	269
	159

	b) CHAPPATHI WITHOUT FENUGREEK LEAVES:-

	1
	177
	313
	347
	287
	245

	2
	198
	300
	342
	290
	256

	3
	147
	267
	305
	261
	200

	4
	130
	243
	298
	249
	186

	5
	100
	197
	267
	194
	127

	6
	125
	230
	300
	245
	145

	c) CHAPPATHI WITH FENUGREEK LEAVES:-

	1
	166
	253
	303
	277
	202

	2
	184
	268
	298
	254
	197

	3
	149
	220
	253
	213
	159

	4
	127
	206
	241
	217
	143

	5
	100
	188
	225
	170
	115

	6
	122
	220
	298
	230
	138


GROUP II: BAJRA

	a) WHITE BREAD:-

	S. No.
	FASTING
	½ Hr.
	1 Hr.
	1 ½ Hr.
	2 Hr.

	1
	103
	192
	177
	147
	94

	2
	130
	243
	260
	176
	154

	3
	110
	254
	202
	184
	141

	4
	126
	192
	218
	189
	162

	5
	149
	203
	247
	198
	177

	6
	174
	303
	397
	287
	253

	b) CHAPPATHI WITHOUT FENUGREEK LEAVES:-

	1
	96
	157
	184
	136
	101

	2
	125
	220
	180
	150
	121

	3
	108
	183
	197
	164
	133

	4
	113
	187
	206
	160
	125

	5
	140
	198
	220
	187
	157

	6
	170
	287
	367
	298
	237

	
	
	
	
	
	

	c) CHAPPATHI WITH FENUGREEK LEAVES:-

	1
	92
	173
	153
	137
	92

	2
	124
	185
	203
	153
	119

	3
	110
	154
	195
	163
	123

	4
	109
	173
	190
	150
	93

	5
	141
	187
	205
	173
	145

	6
	167
	254
	313
	287
	204


GROUP III: VARAGU

	a) WHITE BREAD:-

	S. No.
	FASTING
	½ Hr.
	1 Hr.
	1 ½ Hr.
	2 Hr.

	1
	196
	303
	350
	298
	257

	2
	229
	280
	364
	313
	278

	3
	129
	200
	260
	243
	201

	4
	166
	243
	276
	234
	185

	5
	155
	230
	270
	213
	180

	6
	120
	181
	202
	197
	154

	b) CHAPPATHI WITHOUT FENUGREEK LEAVES:-

	1
	190
	296
	341
	287
	233

	2
	217
	274
	341
	302
	258

	3
	118
	185
	248
	179
	139

	4
	160
	223
	250
	213
	180

	5
	157
	202
	230
	198
	167

	6
	118
	174
	198
	166
	141

	c) CHAPPATHI WITH FENUGREEK LEAVES:-

	1
	192
	267
	303
	257
	202

	2
	204
	253
	300
	271
	223

	3
	110
	177
	239
	165
	130

	4
	162
	213
	247
	198
	167

	5
	152
	198
	217
	188
	156

	6
	115
	167
	187
	160
	121


GROUP IV: WHITE OATS

	a) WHITE BREAD:-

	S. No.
	FASTING
	½ Hr.
	1 Hr.
	1 ½ Hr.
	2 Hr.

	1
	179
	303
	361
	287
	226

	2
	133
	247
	277
	235
	195

	3
	133
	246
	273
	231
	187

	4
	125
	314
	359
	303
	289

	5
	110
	192
	177
	147
	97

	6
	120
	183
	203
	197
	154

	b) CHAPPATHI WITHOUT FENUGREEK LEAVES:-

	1
	169
	281
	303
	263
	201

	2
	127
	225
	257
	213
	170

	3
	126
	229
	249
	215
	172

	4
	118
	289
	323
	298
	249

	5
	108
	164
	191
	133
	95

	6
	118
	177
	198
	162
	141

	c) CHAPPATHI WITH FENUGREEK LEAVES:-

	1
	170
	254
	287
	241
	181

	2
	127
	208
	239
	193
	157

	3
	129
	204
	237
	195
	159

	4
	120
	265
	313
	281
	233

	5
	107
	147
	173
	137
	101

	6
	115
	159
	180
	147
	120


GROUP V: STANDARD

	a) WHITE BREAD:-

	S. No.
	FASTING
	½ Hr.
	1 Hr.
	1 ½ Hr.
	2 Hr.

	1
	152
	282
	339
	267
	214

	2
	149
	284
	338
	266
	211

	3
	150
	281
	340
	268
	212

	4
	147
	278
	343
	272
	210

	5
	153
	276
	344
	271
	215

	6
	155
	279
	342
	270
	216

	b) CHAPPATHI WITHOUT FENUGREEK LEAVES:-

	1
	150
	270
	332
	242
	201

	2
	146
	266
	328
	244
	200

	3
	148
	268
	330
	241
	198

	4
	145
	265
	327
	245
	202

	5
	149
	269
	331
	240
	197

	6
	144
	264
	326
	246
	196

	c) CHAPPATHI WITH FENUGREEK LEAVES:-

	1
	144
	260
	317
	223
	189

	2
	146
	262
	314
	218
	186

	3
	143
	259
	316
	222
	188

	4
	147
	258
	318
	219
	185

	5
	142
	263
	313
	220
	184

	6
	148
	264
	312
	224
	190


STATISTICAL ANALYSIS

Analysis Blood Glucose at Fasting
	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Between Reference food and test foods
	2310.756
	2
	1155.378
	1.308
	Ns

	Between Groups
	18522.400
	4
	4630.600
	5.244
	**

	Residual
	73291.300
	83
	883.028
	
	

	Total
	94124.456
	89
	1057.578
	
	


	MEAN COMPARISONS
	SED
	LSD (5%)
	LSD (1%)

	Between food
	7.004
	13.931
	18.463

	Between groups
	9.905
	19.702
	26.110


Analysis at 1 Hour

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Between Reference food and test foods
	25422.422
	2
	12711.211
	5.383
	**

	Between Groups
	113096.711
	4
	28274.178
	11.973
	**

	Residual
	196005.856
	83
	2361.516
	
	

	Total
	334524.989
	89
	3758.708
	
	


	MEAN COMPARISONS
	SED
	LSD (5%)
	LSD (1%)

	Between food
	11.454
	22.782
	30.193

	Between groups
	16.198
	32.219
	42.699


Analysis at 2 Hours
	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Between Reference food and test foods
	22506.289
	2
	11253.144
	6.064
	**

	Between Groups
	31099.933
	4
	7774.983
	4.190
	**

	Residual
	154025.433
	83
	1855.728
	
	

	Total
	207631.656
	89
	2332.940
	
	


	MEAN COMPARISONS
	SED
	LSD (5%)
	LSD (1%)

	Between food
	10.154
	20.196
	26.765

	Between groups
	14.359
	28.561
	37.851


LSD
-
Least significant difference

SED
-
Standard Error – deviation

df
-
degree of freedom

**
-
Significant at 1 percent level.

APPENDIX  D
QUESTONAIRE TO ASSESS THE NUTRITIONAL KNOWLEDGE OF TYPE II

DIABETICS
1. Diabetes is characterized by

        a) Increased levels of glucose in the blood

        b) Increased levels of cholesterol in the blood

        c) Low levels of sodium in the blood

2. Cause of diabetes: 

        a) Increased levels of blood cholesterol

        b) decreased levels of insulin secretion

        c) Increased levels of insulin secretion

3. The risk factor for diabetes? 

        a) Obesity

        b) Underweight

        c) Tension

4. Organs affected due to diabetes?

        a) Eyes &kidneys

        b) Nose & ear

        c) Liver & heart

5. The symptom observed when blood vessels are damaged? 

        a) High blood pressure

        b) Low blood pressure

        c) Nausea & vomiting

6. The right time to note foot infection in diabetics is:

        a) When a small wound is caused     

               b) Mild infection

               c) After infection progresses

7. The best way to correct diabetes is:

        a) Oral hypoglycemic drugs

        b) Insulin injection

        c) Diet, lifestyle modification & exercise

8. The important function of fibre:

        a) Prevents constipation

        b) Increases blood pressure

        c) Increases cholesterol in blood

9. The food to be taken by diabetics in liberal amount: 

        a) Whole grains

        b) Non – vegetarian foods

        c) Fried foods

10. The foods to be completely avoided by diabetics: 

         a) Egg & other non-veg foods

         b) Fried foods

         c) Pulses
11. Can diabetics consume bottled soft drinks?

          a) Yes

          b) No 

          c) Do not know

12. Dietary pattern suited for diabetics:

          a) Feasting 

          b) Small frequent meals

          c) Fasting

13. The best food to be eaten by diabetics in mid morning: 

          a) Buttermilk / cucumber

          b) Fried foods

          c) Coffee / tea

14. The best evening snack for diabetics:

         a) Sprouted gram sundal

         b) Fried foods

         c) Fast foods  

15. Food suited for diabetics at bedtime:

          a) banana

          b) Skimmed milk

          c) Dates 

16. Type of physical activity ideal for diabetics: 

          a) Exercising morning / evening

          b) Exercising occasionally

          c) Household activity is enough

17. Benefits of exercise:

          a) Maintain blood glucose level

          b) Reduction of sodium in blood

          c) Increases weight

18. Does yoga strengthens internal organs?

          a) Yes

          b) No

          c) Do not know

19. Adverse effects of smoking:

          a) Affects normal blood circulation

          b) Constipation

          c) Visual disturbance

20. Can diabetics fast and feast?

         a) Yes

         b) No

         c) Do not know
APPENDIX   E

DIETARY AND LIFESTYLE MODIFICATION FOR TYPE II DIABETICS
(a) Measurement of Height





(b) Measurement of Weight 





(c) Measurement of Waist    
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TYPE II DIABETIC SUBJECTS


N = 200


MALE = 100   FEMALE = 100





STUDY GROUP


(N=30)








GROUP I


n=6


Setaria 


italica (thenai)








GROUP II


n=6


Pennisetum typhoideum (bajra)





GROUP V


n=6


Standard (Wheat)


Triticum aestivum








GROUP IV


n=6


White 


Oats








GROUP III


n=6


Paspalum scrobiculatum 


(varagu)
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