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I. INTRODUCTON

 “Diabetes” is like being expected to play the piano with one hand while juggling items with another hand, all while balancing with deftness and dexterity on a tightrope 

· Marlene Less

Food is not only essential for the nourishment and sustenance of life but also plays an  integral part  of the rituals and  discipline in daily  living  of the Indian  way of life. Within the last few years, the relationship  between  food and culture  has been  shifted  to food and health. Eating the right foods in the right amount  at the right time helps to lead our life in a healthful way. Nowadays,  faulty food habits and lifestyle modification  lead to  rapid  health and nutrition transition resulting in over-nutrition and associated perpetuation of diseases like diabetes mellitus, obesity, cardiovascular diseases,  cancer and so on.

Diabetes mellitus is a metabolic disorder. It involves arrest of carbohydrate metabolism robbing the body of a primary energy source. It encompasses the whole process of metabolism indirectly. Undue banking on lipid metabolism invites risk of ketosis. Burning of proteins for energy liberation results in weight loss and deprives the body of the basic building material and involves high turnover of the aminonitrogen cycle (Ehrlich, 2008).

According to statistics of International Diabetes Federation (IDF), two individuals develop diabetes every 10 seconds worldwide, and two individuals die of diabetes-related conditions every 10 seconds worldwide (IDF, 2007).

Globally, diabetes mellitus affects 246 million people, which is about 
6 per cent of adult population. It is projected that diabetes mellitus affects 69.9 million  people in 2025 (www.atlas.idf.org, 2007).

The increasing trend  of epidemiological  transition  is taking place in most  of  the  States in India  with decline in communicable diseases  and increase in chronic non-communicable diseases that has  resulted  in  more than 50 per cent  of total deaths  in India. The leading causes of death in India are  non communicable diseases including cardio vascular diseases (29.89 lakhs), diabetes (1.75 lakhs), cancer (5 lakhs) and respiratory diseases (6.75 lakhs). It is estimated that the prevalence of diabetes is  62 per 1000 people in India (Thangappan, 2010).  

India reportedly has some 50 million people with diabetes mellitus with as many as 50  million more in a pre-diabetic  state. Mohan (2010) estimates that India will have 87  million people with diabetes by the year 2030.The Tamil Nadu results of the first India’s study supported by the Indian Council of Medical Research indicate that there are about 42 lakh individuals with diabetes and 30 lakh people with pre-diabetes. The age-wise prevalence showed a higher percentage among the young group and by the time people reached 55 years, almost  50 per cent were diabetic (Anjana et al., 2010).

Diabetes mellitus tends to lower good cholesterol and raise triglycerides and bad cholesterol levels, which increases the risk of heart disease. Diabetic patients have a lipid profile characterized by low high-density lipoprotein cholesterol (HDL-C) levels and an increase in triglyceride levels. Diabetics have increased number of low-density lipoprotein cholesterol (LDL-C) particles. The risk factors of diabetes mellitus are  obesity, high blood pressure, stroke and abnormal cholesterol (Grundy, 2010). Hyperlipidemia is a general term used to indicate an increase in the level of one or more lipids in the blood. Serum lipid level changes in type II diabetes mellitus. There is an increase in total cholesterol, triglycerides and LDL and decrease in HDL. These changes in lipid profile  are responsible for many macro as well as micro vascular disorders 
(Patil, 2008). The high prevalence of diabetes mellitus and hyperlipidemia  call for  proper  dietary interventions and lifestyle modifications.
In recent years, consumers are dependent upon fast foods, which contain meager amount of dietary fibre. Dietary fibre is a key ingredient widely used nowadays while developing nutritionally designed foods due to its significance in health promotion (Puupponen-Pimïa et al., 2002).

The American Diabetic Association (2007) recommends that individuals with diabetes mellitus increase the amount of dietary fiber in their diets in order to reduce blood glucose and insulin levels following meals. Liener et al., (2008) and Dunaif and  Barbara  (2008) reported that several dietary  fibers can decrease the activity of human pancreatic amylase, lipase and trypsin. Trowell (2006) and Jenkins et al., (2006) and Miranda and Horwitz, (2007) assumed  that addition of plant fibers to the diets of subjects with diabetes results in significant reduction in postprandial hyperglycemia. Mani et al., (2008) reported that a wheat bran supplement decreases fasting and postprandial blood sugar.

Whole grains are characterized as being high in resistant carbohydrates such as fiber, nutrients and bound antioxidants. Whole grains high in viscous fiber (oats, barley) decrease serum low-density lipoprotein cholesterol, blood pressure and improve glucose and insulin responses. Grains high in insoluble fiber (wheat) moderately lower glucose and blood pressure but also have a probiotic effect (Harris, 2010).

Qureshi et al., (2002) brought into limelight that soluble fiber such as rice bran plays an important role in decreasing cholesterol and controlling of blood glucose. Fibers have been shown to have significant effect on absorption of nutrients by producing short chain fatty acids in the colon. These fatty acids can affect glucose metabolism and cholesterol synthesis. Cereals usually have a phitate component which can decrease ingestion of carbohydrates and have a negative relation to ingestion of carbohydrate and glycemic response. Also rice bran has tocopherol, tocotrienol, gama oryzanol, polyphenol and lipase which play an important role in modulating hyperglycemic consequences such as lipid peroxidation. 

 
Meigs et al., (2007) suggested that  soluble fiber as the component of fiber that lowers cholesterol concentrations  and regulates blood glucose and insulin. A high intake of whole grains containing soluble fiber has been shown to lower glucose and insulin responses in overweight humans and humans with type II diabetes. Consumption of 10 g of ß-glucan is able to induce physiologically beneficial effects on postprandial insulin responses in obese patients  at risk for insulin resistance. 

Postprandial glucose is influenced by dietary fibre-rich meals, depending on fibre source, dose of soluble and total fibre. Meals with rye bran gave a lower postprandial glucose peak when compared with the oats powder. The rye products possess beneficial appetite regulating properties. Van (2010) suggests that whole-grain and bran intakes were associated with reduced CVD-specific mortality in women with diabetes mellitus. Oat and rice brans help to lower blood cholesterol levels when eaten regularly. Oatmeal and oat bran may help to lower total cholesterol levels by 25 per cent  or more within a very short time period of one to three months.

To meet the current challenges, there is a need to create a dynamic vision and identify trends that will enhance the profitability of the entire value chain. This includes new ways to utilize the waste material such as rice bran, oat bran and wheat bran. Rice bran is obtained as a byproduct during the rice milling process and the outer layer or parts are removed at the time of polishing of husked rice. It contains many nutritious substances like protein, fat, fiber, various antioxidants etc., that have a beneficial effect on human health (David et al., 2006).
Until only a few years ago, rice bran  was considered of very little value because of lipid instability. A major breakthrough in advanced technology has created a proprietary process that stabilizes the culprit enzymes before rice bran  damages the nutrients. Once stabilization is in place, rice bran  yields a cornucopia of vital nutrients never before realized in single food (Bogdan, 2006).

Stabilization is done by means of heating or baking and later by drying the bran before it is ready to be consumed by the humans. The reason for the stabililization of rice bran is to inactivate the enzyme  lipase, which is formed in the bran layer that comes in close contact with the bran’s oil.  This leads to a rapid destruction of the bran immediately after the bran is removed from the kernel. Thus, it leads to the destruction of the proteins and nutrients present in the bran reducing zero utility for consumption (Hudson et al., 2008).

Stabilized rice bran (SRB), is a powerful source of vitamins, nutrients, proteins and fiber. It contains a newly discovered complex of vitamin-E and tocotrienols as well as tocopherol, which is the compound generally called vitamin E. The tocotrienol compounds are 40 – 6000 times more potent than  tocopherol as antioxidant. The soluble and insoluble fibers are necessary for optimum digestion, blood sugar regulation, lowering  cholesterol and prevention of diabetes and heart diseases. The stabililized rice bran  contains an approximate insoluble versus soluble fiber ratio of 5 to 1. Rice bran exhibits a high digestive tolerance that occurs along the whole digestive tract with no excessive fermentation in the large intestine. The SRB contains easily digested hypo-allergenic essential amino acids that are necessary for building human proteins. SRB contains astounding quality of synbiotics, tocols, oryzanols, polyphenols,  sitosterol and phytosterols. Rice bran is packed with full of omega-3 and omega-6 fatty acids (Hoogenkamp, 2008). Healthy complex carbohydrates found in stabilized rice bran have “low glycemic index” which means they do not cause spikes in blood glucose (Sayre  et al,. 2007).
The “European Association” for the study of diabetes  recommends that people with diabetes  choose foods with low glycemic index. High gycemic index diet raises blood sugar levels and increases insulin demand, over burdens the ability of the pancreas to produce insulin thereby increasing the risk of type II diabetes. In the “Nurses Health Study”, using data from over 65,000 women, the results indicate that those eating the highest glycemic load diets had a 40 per cent  greater risk of type II diabetes  than women with the lowest glycemic load.


Glycemic index have been linked to heart disease in several ways. The high blood sugar and insulin levels that result after eating a high gycemic index diets may increase the risk of heart diseases via the insulin resistance syndrome (also known as metabolic syndrome or syndrome X).  This syndrome is a clusture of metabolic abnormalities that includes high blood levels of insulin, glucose, triglycerides, low levels of HDL cholesterol and high blood pressure. Plant based diet can reduce the risk of diseases like heart diseases and diabetes. A low gycemic index diet is the preventive agent in reducing disease (http://www.indiadiets.com).
Every year, 63 to 76 million tons of rice bran is produced in the world and more than 90 per cent  of rice bran is sold as animal feed for throw away price. Despite its excellent nutritional and  nutraceutical properties, it is mainly utilized for animal feed. Earnest efforts  are needed to incorporate this healthy ingredient back into our diet. Hence, the present study titled “Impact of  adding  rice bran to  food supplements on type II diabetic and hyperlipidemic subjects” was undertaken  with the  following objectives: To

· Analyze the physico - chemical properties of rice bran from  different types of rice 

· Develop low glycemic index food mixes by  incorporating rice bran.

· Study the impact of supplementation of stabilized rice bran on type II diabetic and hyperlipidemic subjects.

II. REVIEW OF LITERATURE


The literature pertaining to the present study titled “Impact of adding  rice bran to food supplements on type II diabetic and hyperlipidemic subjects” is reviewed under the following headings:

A)
Prevalence and etiological factors associated with type II diabetes mellitus and hyperlipidemia

B) Rice bran and its role in type II diabetes mellitus and hyperlipdemia

C) Role of  low glycemic index foods in type II diabetes mellitus.

A) 
Prevalence and etiological factors associated with type II diabetes mellitus  and   hyperlipidemia 

Diabetes mellitus  is  a disorder  in the  way  the body  uses  insulin  to lower blood glucose  levels, people  with diabetes  either  have  insulin deficiency (type I diabetes mellitus) makes  too  little  or  no insulin  or  insulin resistance (type II diabetes mellitus) does not  respond  well  to insulin  (Herald  Health, 2010).

Type II diabetes mellitus is  a metabolic disorder  that  is  becoming  more common  all over  the world particularly  in developing  countries.  The top five Asian countries having high prevalence of diabetes mellitus are: India (50.8 million), China (43.2 million), Pakistan (7.1 million), Japan (7.1 million) and Indonesia (7 million). Bangladesh is expected to replace Japan in 2030 and rank at the 8th  position (www.diabetesatals.org). 

Type II diabetes mellitus is associated with older age, obesity, history of gestational diabetes mellitus, impaired glucose metabolism, physical inactivity and  race / ethnity. African Indians and some Asian Americans and native Hawaians or other Pacific Islanders are at particularly high risk of type II diabetes mellitus and its complications (National Diabetes Fact Sheet, 2011).

Diabetes mellitus affects 25.8 million people, 18.8 million people were diagnosed  and 7.0 million people were  undiagnosed. Among adults diagnosed, 12 per cent take 

insulin only, 14 per cent  take both  insulin  and oral medications, 58 per cent take oral medications only and 10 per cent  do not take  either insulin or oral medication (International Diabetic Federation, 2008).

US Department of  Health  and  Human Services (2006)  reports that  the  prevalence of  type II diabetes mellitus  has  risen more than double  in the  US  in past  two decades  and persons  more than  ( 40  years  old  account  for  almost  half  of the cases.

Ramachandran et al., (2007) stated that  the current prevalence of type II diabetes mellitus among adult population  is estimated  to be 12.1 per cent  in urban  and four per cent  in rural  areas. The early  onset  of diabetes mellitus  coupled  with  an increasing  lifespan  could  burden  India with large number of  patients  with sedentary  health  complications. 

Shukle et al., (2008) revealed that  the economic  progress is  inevitably  associated  with  increasing  urbanization. In addition  to several  features  of urban  life  such as  physical inactivity  and unhealthy  dietary  practices, outdoor  and indoor  air pollution  tend  to increase   the prevalence  of type II diabetes mellitus  in urban India. 

Dario et al., (2008) indicated that there is a positive  relation between post meal glucose increase and macro vascular and micro vascular outcomes.

Pai et al., (2008) found  that glycemic  control  was better achieved  with  those  on insulin and  lower BMI. The  risk of   developing  complications was less  and  late.

Karma et al., (2008) reported that  glycated Hb is standard assessment tool to assess glucose  control in type II diabetes mellitus, post prandial glucose  peaks were implicated as a risk factor for macrovascular and microvascular complications.

Dario et al., (2008) stated that the  God  of Therapy  should  be to achieve  glycemic  status  as near  to normal  as  satisfied  possible  in  all three  components  of glucose control, HbA1c, FBG, PPG peak.

According to Rita (2007) the main risk factors for diabetic nephropathy are hypertension, hyperlipidemia, and hyperglycemia. Nephropathy heralds the downhill 

course of arteriosclerosis. Early and intensive blood pressure and glucose control will attenuate the course of nephropathy and significantly reduce cardiovascular events and stroke. 

Ninan et al., (2008) stated that the risk factors for diabetic foot among diabetic patients are peripheral neuropathy and peripheral vascular diseases as well as urban residence. 

Kesari et al., (2007) reported that the diabetes mellitus is often  accompanied  by dyslipidemia  which  contributes  significantly to cardio vascular diseases, morbidity  and mortality  in diabetes mellitus  patients.

 Ciardullo et al.,(2010) stated that  the risk factors associated with diabetic complications as glycosylated haemoglobin, post prandial blood glucose, triglycerides and low density lipoprotein. 

Jyoti and Sudesh (2010) opined that  NIDDM has also been associated with an increased risk for premature arteriosclerosis due to increase in triglyceride and LDL levels. About 70 – 80 per cent of deaths in diabetic patients are due to vascular diseases.

According to Smith et al., (2010) many of the diabetic patients will develop diabetes specific macro vascular pathology in the retina, renal glomerular and peripheral nerve and accelerated atherosclerotic macro vascular diseases affecting the arteries that supply the heart, brain and lower extremities.

The diabetes mellitus is a potent independent risk factor for cardio vascular diseases. It has been projected that by 2020 chronic diseases will account for almost three quarters of all deaths worldwide and 71 per cent of deaths due to ischemic heart diseases, 75 per cent of deaths due to stroke and 70 per cent of deaths due to diabetes  will occur in developing countries (ICMR, 2010).

According to Borg et al., (2011) increased glucose excretion and postprandial hyperglycemia have been suggested as unique risk factors for cardiovascular disease (CVD) and mortality in subjects with diabetes mellitus. Mean glycemia and HbA1c show consistent and stronger associations with CVD risk factors than fasting glucose or postprandial glucose levels or measures of glucose variability in patients with diabetes. 

Zhao liang-ping  et al., (2010) stated that insulin resistance was an independent risk factor for the occurrence of cardiac death and non-fatal myocardial infarction. Insulin resistance is significantly associated with coronary artery disease and cardiovascular events in patients with or without type II diabetes mellitus.

According  to Fowler (2010) type II diabetes involves insulin resistance and relative insulin defi​ciency. Insulin resistance is thought to precede insulin deficiency in most patients and autoimmune destruction of β-cells does not occur, although β-cell mass may be reduced. 

In patients with long history of  type 2 diabetes, the insulin resistance syndrome continues to gain support as an important risk factor for premature coronary disease, particularly with concomitant hypertension, metabolic abnormalities of hypertriglyceridemia, low HDL, altered LDL (Romesh, 2011).

According to Wild et al., (2004) current  epidemic  has been  attributed  mainly  to environmental  changes, despite  the recognized  role  of genetic susceptibility. 
The  modern  lifestyle  characterized  by excessive  calorie intake  coupled  with  reduced physical activity  and weight gain  and obesity  are the  major  risk factors  for type II diabetes mellitus . 
Raman (2010) conducted a study on persistent organic pollutants and diabetes mellitus. He summarized that those who show high concentration of polychlorinated biphenyl have five times higher prevalence of type-2 diabetes  in general population. Obesity may not be a risk factor unless obese have higher levels of persistent organic pollutants in the serum. The lipophylic compounds having long half-life in fatty tissues, cause insulin resistance and type-2 diabetes.

A study  conducted by Harold et al., (2010)  in U.S. adult population revealed that central adiposity is more pathogenic than peripheral subcutaneous adiposity. Defronzo (2009) and Thomas et al., (2008) revealed  that  the current epidemic of diabetes is being driven by the obesity epidemic, which represents a state of tissue fat overload. 

Andrew  et al., (2011) said that excess  weight  especially  fat  stored  around  the upper  body  and waist, inactivity, a  high fat  low  starch  and low  fiber  diet  can cause  insulin  resistance. In obese subjects,  toxic lipid metabolites (fatty acyl CoA, diacylglycerol, ceramide)  accumulated in muscle, liver, adipocytes, beta cells and arterial tissues contributes to insulin resistance, beta cell dysfunction and accelerated atherosclerosis, respectively in type 2 diabetes.
Goodpaster et al., (2010) in their randomized trial  among subjects with severe obesity stated that a lifestyle intervention involving diet combined with initial or delayed initiation of physical activity resulted in clinically significant weight loss and favorable changes in cardio metabolic risk factors like hypertension.
Prashanth  et al., (2010) conducted a study on  prevalence and risk factors for albuminurea  among type II diabetes mellitus patients in three Gulf countries. They indicated  that  the prevalence and risk factors for albuminurea among 447 type II diabetic patients was 36%, and was strongly related to poor glycemic control.

Caelin et al.,(2006) opined that the most common vitamin deficiencies like low concentration of 25 – hydroxy vitamin D associated with an increased risk of diabetes and other cardiovascular disease risk factors and depression.

Heianza et al.,(2011) suggested that low serum potassium concentrations decrease insulin secretion, leading to glucose intolerance and that hypokalaemia induced by diuretics increase the risk for diabetes in hypertensive individuals.

Rani et al., (2010) estimate the prevalence of anemia in persons with type II diabetes mellitus and its role as a risk factor for the presence and the severity of diabetic retinopathy, in a population based study. The prevalence of anemia (hemoglobin <12g/dl  in women and <13g/dl in men) was 12.3%. Between 40 and 49 years of age, prevalence of anemia was higher in women than in men (26.4 % vs 10.3%). Men with anemia, and not women, had 2 times the risk of developing diabetic retinopathy. Finally they interpreted every tenth individual in a population of diabetes mellitus could be anemic. 

Balaji et al., (2008) hypothesized that the serum ferritin could be a marker of insulin resistance.  In diabetic  subjects, serum ferritin and transferritin levels were found to be statistically higher than the healthy individuals. Hence, ferritin may have a role in the pathogenesis of type II diabetes mellitus. 

Case et al.,(2006) associated  the occurrence of  type II diabetes mellitus   and  other  metabolic alterations  with  feeding  habits  and  daily  physical activity. The results indicated  that the risk of type II diabetes mellitus, obesity and heart  diseases are due to cultural  inheritance, daily  feeding  habits  and physical  activity pattern.  

Ahmed et al., (2008) stated that the alcohol consumption  is inversely  associated  with   glycemic  control  among  diabetic  patients .The  lower  levels  associated  with  moderate  alcohol consumption may translate  into  lower risk  for  complications.

According to Health Action (2010) daily  consumption of  coffee increases  blood sugar level  in  people with  type II diabetes mellitus   and may  undermine  patients  efforts  to  control  the disease.

Betel nut chewing in patients with T2DM is associated with sub clinical ischemic  heart diseases (Das, 2010).

 
Diabetes mellitus is associated with increased oxidative stress which is considered an underlying mechanism for inflammation and endothelial dysfunction (Deboer, 2008).

The study by National Bariatric Surgery Registry  found that  while  cases of  type II diabetes halved  among  obese  patients just a  year after the bariatric surgery. The average  patient  shed nearly  60%  of excess body weight. The data from more than 8700 bariatric surgery  carried out in  U.K found that  two thirds  of severely  obese  patients  had three or more associated diseases by the time they reach surgery. A third have high blood pressure, over a quarter  have diabetes  and nearly fifth  have high cholesterol (Times of India, 14.4.2011).

High family chaos and workplace stressful experiences  can lead to increased  risk for  developing type 1 and II diabetes mellitus. Bjorntop, (2007)  explained the physiological  link between  stressful experience and onset of type II diabetes mellitus. He explained that the psychological  reactions  to the stressor  of defeatism or helplessness  leads to the  activation of the hypothalamo-pitutary-adrenal axis, leading  in turn to various  endocrine  abnormalities that  antagonize the action of  insulin.

B)   Rice bran and its role in type II diabetes mellitus and hyperlipidemia

According to Eun et al., (2007) rice bran  contains many phenolic acids, the most abundant of which is the antioxidant, ferulic acid. The hypoglycemic effects of a phenolic acid fraction (the ethyl acetate fraction) of rice bran  and of ferulic acid in db/db mice were examined and suggest that ethyl acetate  and ferulic acid may be beneficial for treatment of type II diabetes because they regulate blood glucose levels by elevating glucokinase activity and production of glycogen in the liver.

Verschoyle et al., (2007) suggested that consumption of rice bran reduced the  number of intestinal adenomas in mice by 51 per cent. The fibrous constituents of the bran mediate chemopreventive efficacy.

Kahlon et al., (2006) tested the cholesterol-lowering activity of raw and  stabilized (130°C) rice bran in hamsters by addition to diets containing cellulose, raw rice bran or stabilized rice bran. All diets contained 0.3% cholesterol, 10% total dietary fiber, 10.1% fat and 3% nitrogen. Plasma cholesterol was significantly lowered in animals fed rice bran diets with added unsaponifiable matter while maintaining the ratio of HDL-C to LDL-C. Rice bran diets appeared to lower both plasma and liver cholesterol. 

Seoklyun et al., (2006) suggested that the bran from pigmented rice varieties may provide a source of new natural antioxidant  and anticarcinogens.

Goffman  et al., (2004) demonstrated that lipase activity to be an important factor determining the intensity of the hydrolysis process. Bergman et al., (2005)  suggests that  the hydrolytic rancidity makes the rice bran unsuitable for human consumption, restricting its use as a feed.

Adebiyi et al., (2007) stated  that the rice bran contains 120 – 200 g/kg protein in addition to a large amount of fat, carbohydrate and phytic acid. Rice bran protein fractions were refined by two step preparation to eliminate residual carbohydrate and fat. The first step involves the sequential extraction of defatted rice bran into rice bran protein fractions. The second process carried out by dissolving in respective solvent and isoelectric preparations to increase the protein content of each fraction. Devi et al., (2007) stated that the antioxidant compounds like oryzanols, tocals and ferulic acid were identified in the methanolic extracts of defatted rice bran  by HPLC.  These antioxidants are effective in inhibiting lipid peroxidation as assessed by peroxide value and p-anisidine value. Cravotto et al., (2007) stated that rice bran could be a relevant source of policosanols, natural compounds able to inhibit platelet function as aspirin  

Sadawate et al., (2007) prepared  rice bran  protein concentrate  by  wet extraction  method  with  different  levels  of pH, temperature  and extraction  time. The  maximum yield (35.6%) was obtained  at pH 11 at 60°C  and extraction  time  of 60 minutes.

Shellhammes et al., (2006) suggested that the physical processing in combination with enzyme treatment can be effective in extracting protein from heat stabilized rice bran. Eswaranadam et al., (2003) had found  that food grade amylase containing protease to be more effective than cisco enzyme in protein extracted  from heat-stabilized rice bran. 

Sawate  et al., (2007) identified the replacement of refined wheat flour by rice bran protein concentrate upto 10 per cent. The bread was found to be enriched with protein content of 16.5 per cent and was comparable in sensory attributes to the bread prepared from refined whole flour. However, replacement beyond 10 per cent further increased the protein content to 21.1 per cent but affected the sensory quality attributes.  

According to Ming (2010) black rice bran has higher content of phenolics, flavonoids, anthocyanins and has higher antioxidant activity when compared to white rice bran. The phenolics, flavonoids and anthocyanins of black rice bran are mainly present in free form. Jang (2009) indicate the activity of purple rice bran hydrophilic antioxidants was much greater than that of its lipophilic antioxidants and anthocyanins and γ-tocols largely located in the inner portion of purple rice bran.

Ardiansyah et al., (2006) fed with stroke prone spontaneous hypertensive four week old male rats with 60 g / kg of driselase and ethanol fractions of rice bran for a period of eight weeks.  This resulted in a reduction in blood glucose triglycerides, albumins, plasma nitric oxide and urinary s-hydroxy-2 deoxy guanosine levels.

C)   Role of  low glycemic index foods in type II diabetes mellitus
Meigs et al., (2004) suggested that low glycemic Index diet plays a protective role against the development of type II diabetes mellitus, coronary artery diseases and the metabolic syndrome.

Sahyoun et al., (2006) stated that dietary glycemic index was positively associated with dietary carbohydrate  and negatively associated with the intake of protein, total fat, saturated fat, alcohol, vegetables and fruits. Persons in higher quantities of dietary glycemic index or glycemic load did not have significantly greater incidence of type II diabetes mellitus. 

According to Ganesan et al., (2009) foods with higher glycemic index and glycemic load can cause rapid post-prandial increase in blood glucose and insulin and have shown to increase the risk of type II diabetes mellitus in Western as well as Asian populations specifically in China and India. 

Slama et al., (2007) reported that the  low glycemic index food has a very significant impact on the amelioration of metabolic disturbance observed in diabetic and hyperlipidemic subjects affected by the metabolic syndrome.

Christine et al., (2006) elucidated the role of carbohydrates in cardiovascular disease prevention and stressed the deleterious effects of high-carbohydrate and low fat diets on serum triglycerides and high-density lipoprotein cholesterol. From intervention studies they pointed out  that substituting low  glycemic index for high glycemic index foods in a low-fat, high-carbohydrate diet lowers serum triglycerides by 15 per cent  to 
25 per cent. 


Brand-miller et al., (2003) stated that long term consumption of high glycemic index foods increase insulin demand, promote insulin resistance and  impaired pancreatic   ß- cell function and eventually lead to type II diabetes mellitus.

Opperman (2006) identified that low Glycemic Index diet significantly reduced fructosamine, glycosylated haemoglobin, low density lipoprotein and triglycerides in type II diabetes mellitus.

Glucose tolerance at subsequent meals can be notably improved during the course of whole day or overnight by choosing specific low Glycemic Index whole grain cereal products. A specific indigestible carbohydrate mixture appears to be required to show benefit on glucose tolerance in long time frame most likely mediated through colonic fermentation (Nillsson,2008).

Zhiying  et al., (2010)  concluded that  a high legume, high fiber, low Glycemic Index diet improves serum lipid profiles in men compared to a healthy American diet. However, insulin resistant  individuals do not achieve the full benefits of the same diet on cardiovascular disease lipid risk factors. 
Lotte et al., (2008) stated  that the  low Glycemic Index diet reduces plasma plasminogen activator inhibitor – 1 activity but not tissue inhibitor of proteinases – 1 or plasminogen activator inhibitor – 1 protein in overweight women
Gabriela et al., (2009) showed that the low Glycemic Index diets acutely induce a number of favorable effects such as a rapid weight loss, decrease of fasting glucose and insulin levels, reduction of circulating triglyceride levels and improvement of blood pressure. Ding (2008)  reported that a high Glycemic Index diet adversely impacts metabolism and appetite control regulation  and notably confers substantially greater risk of weight gain, type II diabetes, cardiovascular disease and certain cancers among overweight and obese individuals. Higher glycemic load was strongly associated with higher risk of coronary heart disease, stroke and type II diabetes.  

Franz  et al., (2007) stated that the low Glycemic Index is beneficial for weight loss or satiety. Low Glycemic Index is associated with a reducing risk of developing diabetes or prevalence of insulin resistance. The glycemic index can be used as an adjunct for the fine tuning of postprondial blood glucose responses.

According to Henry et al., (2007)  the low Glycemic Index diet resulted in a lower mean glucose response compared with the high Glycemic Index diet over
24 hours during the day and at night. 

According to Martinez et al., (2008) energy-restricted diets with a lower glycemic index can improve energy adaptation during obesity treatment, favoring weight loss and improving lipid (total cholesterol and LDL cholesterol) and glycemic (insulin and glucose) profiles.

Nadine et al., (2008)  reported that the low Glycemic Index diet may be preferred for the dietary management of type II diabetes mellitus  because body weight fall over first eight weeks and then loss steadily over the remainder of the trial.

III. METHODOLOGY

The methodology  involved  in the conduct of the  research study  titled “Impact of adding rice bran to food supplements on type II diabetic and hyperlipidemic subjects” is presented below:

PHASE I

A. 
Stabilization  of different types of rice bran

B. 
Formulation and  standardization  of recipes  using  microwave stabilized  parboiled rice bran and conduct of  acceptability  trials 

C 
Nutrient analysis of rice bran  and rice bran incorporated ready mixes  

D. 
Determination of glycemic index of the recipes

PHASE II

E. Conduct of supplementation study

F.  Statistical analysis

PHASE I

A. STABILIZATION OF DIFFERENT TYPES OF RICE BRAN

1.  Collection of different types of rice bran

       
The first stage in rice milling is removal of hull which yields brown rice. 
In the second stage, the outer brown layer is removed from the brown rice kernel by abrasive milling operation to yield the familiar white rice. The separated brown layer is designated as “rice bran” (Scott et al., 2007).

The rice bran, one of  the valuable  by-products of milling of rice  was collected from a local rice mill situated at Gangayam in Tirupur District of Tamil Nadu.  Rice bran from second coning process was obtained  from milling of raw rice  as well as milling of parboiled rice from the  rice mill. Both the samples were full fatted when collected. 
(Plate I)

2. Processing of rice bran

a. Sieving 

The  full fatted  raw rice bran and full  fatted  parboiled rice bran  were  sieved through the sieve number 22 to remove the debris like husk, clay and  wood.

b.   Stabilization 
Rice bran develops a bitter taste soon after the milling process, because of the presence of lipase, an enzyme in the bran layer.  It becomes essential to stabilize the bran to prevent rancidity. The stabilization method reduces or inhibits the activity of lipase enzyme. The stabilization process kills bacteria, moulds and insect eggs that cause further spoilage. The methods like microwave stabilization, autoclave stabilization and alcohol stabilization were used to stabilize the full fatted raw  rice bran and full fatted parboiled  rice bran.

i. Microwave  oven stabilization
In microwave stabilization, microwaves were used to stabilize the bran. Hundred grams  of  full  fatted  raw  and full fatted parboiled  bran  were  weighed   and packed  in    microwave  safe  bags  and  kept  inside  the oven  at 120°C  for 1.5 minutes. The samples were removed from the oven and kept at room temperature. 

ii.  Autoclave stabilization 

In autoclave  stabilization,   steam was used to stabilize the  rice bran at high pressure.  In   autoclave  stabilization, 100g  of full  fatted raw  bran  and  parboiled  bran were  weighed and packed  in bags  and kept  inside  the autoclave  at 15 pounds pressure for 20 minutes. The bags were removed and cooled at room temperature. 

iii.   Alcohol  stabilization

In alcohol stabilization, the alcohol was used for stabilization of the bran. Weighed quantities (100g) of full  fatted raw bran and parboiled  bran  were mixed  with  5 ml  alcohol  for  stabilization.

All the stabilized raw and parboiled rice bran were allowed to stabilize for  two weeks.  After two weeks, all the stabilized bran samples were analyzed  for free fatty acid  content  to ensure stabilization.
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	RICE BRAN FROM SECOND CONING PROCESS
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MICROWAVE STABILIZED RICE BRAN

PLATE - 1. PROCESSING OF RICE BRAN


Out of all the three stabilization processes, microwave stabilized parboiled rice bran had low moisture and low free fatty acid content. Hence, this sample  was chosen for product development and supplementation study.  

B. 
FORMULATION AND STANDARDIZATION OF RECIPES  USING MICROWAVE STABILIZED PARBOILED  RICE BRAN AND CONDUCT OF ACCEPTABILITY TRIALS
Ten standard Indian subcontinent cereal based and pulse based  dinner/breakfast recipes were chosen for incorporating rice bran at three levels, namely 25, 30 and 35  per cent replacing the cereals and pulses in the standard recipe (Plate II).  Fig.1  represents the steps involved in the  development of standard and bran incorporated  recipes. 
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Fig.1 Steps involved in development of rice bran incorporated  recipes

The recipes tried out are as follows:

1 Cereal based recipes

Chapatti


Chapatti is a flat unleavened product cooked by shallow fat frying method. 
It is a staple food of majority of the population in India, particularly northern region (Rao, 2003). Chapatti is a breakfast / dinner recipe, easy to prepare with minimum oil and it lends itself for  incorporation of rice bran to enhance the fiber content.

Mixed vegetable chapatti 


Mixed vegetable chappathi is a recipe made using whole wheat flour, carrot, beans, corriander leaves and onion and cooked by shallow fat frying.

Wheat dosa 


Wheat dosa is a shallow fat fried item made with the batter of whole wheat flour, small onions, green chillies and seasonings.

Wheat rava dosa 


Wheat rava dosa is a shallow fat fried item made with whole wheat flour, wheat rava, small onions, green chillies and seasonings.

Kolukattai 


Kolukattai is a steamed, sauteied item made with broken rice flour and vegetables, small onions, oil and seasonings.

Rice vermicilli 


Rice vermicilli is a steamed, sauteied item made with  broken rice flour and vegetables, small onions, oil  and seasonings.

Ragi vermicilli 


Ragi vermicilli  is a steamed, sauteied item made with  ragi flour, broken rice flour, vegetables, small onions, oil  and seasonings.

2. Pulse based recipes

Adai 


Adai is a shallow fat fried item made with fresh batter of broken rice and mixture of pulses, red chillies, small onion and seasonings. 

Rava adai 


Rava adai is a shallow fat fried item made with fresh batter of broken rice, wheat rava and mixture of pulses, red chillies, small onion and seasonings.

Ragi adai 


Ragi adai is a shallow fat fried recipe made with fresh batter of broken rice, ragi flour, red chillies, small onion and seasonings.  

3. Conduct of acceptability  trials  

 
Sensory evaluation may be designed to reflect common preference to maintain the quality of food at a given standard for the assessment of process, variation, cost reduction, product improvement, new market development and market analysis 
(Manay, 2008).

  
The sample preparation  and the sensory evaluation of the recipes was carried out in the Food Science Laboratory.  For sensory evaluation, the semi trained panel members  in the age group of 20-25 years were selected. The hedonic scale was selected  for the evaluation. In this scale, ratings of  preference  or liking  and disliking  were measured. This scale  consisted of nine points  ranging from  “like extremely” to “dislike  extremely”(Srilakshmi. 2007).


The samples were prepared in a hygienic condition and the  portion size  for evaluation  was consistent for  all the samples. The  samples  were  blind labeled  with  three digit code numbers (SEO1, SEO1(I), SEO1(II) SEO1(III)).  The score card containing allocated  codes  and  details of attributes  were given to  the evaluator. The results of sensory evaluation study showed that  25 per cent of microwave stabilized parboiled rice bran incorporated recipes were found to be highly acceptable and  selected for evaluation of glycemic index.
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	MIXED VEGETABLE CHAPPATHI
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	WHEAT RAVA DOSA
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	RICE VERMICILLI
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	PLATE-2-RICE BRAN INCORPORATED RECIPES


C. 
NUTRIENT ANALYSIS OF RICE BRAN AND RICE BRAN INCORPORATED READY MIXES 

The nutrient content of raw, parboiled and stabilized rice bran  and microwave stabilized parboled rice bran incorporated ready mixes were analyzed in the laboratory using the standard procedures (AOAC, 2000). The carbohydrate estimation done by anthrone method and protein was  estimated by macrokjedhal method. The fat content was measured by soxtherm apparatus. The moisture content was analyzed by using hot-air oven method. The ash content was determined from the loss of weight, which occurs  from complete oxidation of samples at high temperatures 500-600°C in muffle furnace through complete combustion and volatilization of  organic  materials. The dietary fiber was  analyzed by enzymatic method.
D.    DETERMINATION OF GLYCEMIC INDEX OF THE  RECIPES

Glycemic Index is a measurement of how fast 50g of given carbohydrate raises blood glucose levels as it is digested while the glycemic index provides precise information about how 50g of the food will affect blood glucose levels (Anderson, 2007).


Ten healthy volunteers (adult men and women) of age 20 – 40 years were selected for the study of glycemic index of each recipe. Three days before the test period, all the subjects were asked to avoid consuming sweet preparations. On the first day of the experiment, fasting blood glucose was determined for all the subjects at 6 a.m. Then all the subjects were given 50 g of glucose  in 250 ml of water to drink. The fasting blood glucose  level was determined using glucometer (Sugarscan) using glucose-strip which is based on the action of glucose oxidase and the value was recorded.  Once in half an hour, blood glucose level was determined for all the subjects upto 2 hours. (Plate III)

           PLATE - .ESTIMATION OF GLYCEMIC INDEX OF THE RECIPE. 




On the second day, all the subjects were fed with one of the 10 standard recipes and the quantities of the dish provided 50 g of carbohydrates which matched the glucose load of 50 g given on the previous day. On the third day, the subjects were made to consume the same recipes containing 50 g of carbohydrate incorporated with 25 per cent level of stabilized rice bran.

The subjects were given 10-15 minutes for the consumption of the food. The subjects were  not allowed to drink/eat any calorie containing foods. 

The blood glucose values for each subject were plotted against time in hours on a graph. The area under test recipe, standard recipe and glucose  curves were determined. 

This procedure was repeated for all the  ten standardized recipes and  their  Glycemic  Index was determined.

Glycemic Index was calculated using the following formula:

	
	Area under the test recipe curve/ standard recipe curve 

	Glycemic Index   =
	X 100

	
	              Area under the glucose curve


(www.glycemicindex.com)

Among the 10 recipes tested six were found to have  desirable Glycemic Index and hence for further supplementation study. Six recipes namely chappathi, mixed vegetable chappathi, wheat dosa, wheat rava dosa, adai, rava adai were given in the form of ready mixes for ease of handling and preparation at home level.

PHASE II

E.   CONDUCT OF SUPPLEMENTATION STUDY 


The steps involved in conduct of supplementation study are given in fig.2.

The supplementation study  was carried out  in Thudiyalur Panchayath  of  Coimbatore District. The investigator was  familiar  with the area  and could get adequate  number  of volunteers  for conducting  the study in this area. All the confirmed cases  of type 2 diabetes  mellitus  and hyperlipidemia were identified  in that Panchayath. After obtaining  their consent  to participate in the study, their blood  samples  were collected  after overnight fast (12 hours) and analyzed to determine the suitability  of the subjects  for the study.
















Fig. 2. Steps involved in supplementation study


1.  Selection of area  and subjects

Inclusion criteria  for the  type 2 diabetes mellitus subjects 
· They should be in the age group of 20-60 years

· The fasting blood glucose level should be greater than 90-130 mg/dl, post prandial blood glucose level should be greater than 180 mg/dl and HbA1c should be greater than 7 per cent (ADA, 2007).

Inclusion criteria  for the hyperlipidemic subjects 

· They should be in the age group of 20-60 years

· Total cholesterol should be greater 230 mg/dl,  LDL level should be greater than  130 mg/dl, VLDL level should be greater than 40 mg/dl, triglyceride level should be greater than 150 mg/dl (American Heart Association) (NECP, 2001).
Twenty  type 2  diabetic subjects  and twenty hyperlipidemic subjects  who could meet  the  above inclusion criteria  were finally selected  to participate  in this study. Each group was further divided into two groups of 10 each. One group served as experimental and the other one served as control group.
2.   Eliciting background information of the subjects  


A questionnaire was used to elicit information on dietary pattern, eating habits, physical activities, lifestyle pattern and history of diseases of all the 200 subjects. These  details   were  collected through  direct face-to-face/door-to-door interview method  as  detailed by  Panner selvam (2009). The  questionnaire used is given  in Appendix B.

a.  Dietary intake assessment


24-hour recall is a form of dietary intake data collection. During  24-hour recall, the interviewer listed out all foods and beverages consumed and the amount of foods as accurately as possible. Amounts of a food  consumed was given in numbers.  In determining amounts of food, measuring cups, measuring spoons, etc., were used  (Cox, 2006). The 
24-hour recall was administered to all the 40 subjects  for the supplementation study.

b.  Anthropometric measurements

For all the 200 subjects weight, height, BMI, waist circumference,  hip circumference  and  waist–hip-ratio  were measured at the beginning of the study. For the subjects (40) included in the supplementation study, anthropometric assessment  was done  both  at the beginning  and the end  of the supplementation study.

i. Weight


Body weight is the most widely used  and simplest reproducible  anthropometric measurement  for the evaluation  of nutritional status. It indicates  the body mass  and  is a  composite of  all body constituents  like water, minerals, fat,  protein, bone etc. (Hanumantha Rao and Vijayaraghavan, 2004).


The weight  of the selected subjects  were  recorded  in the morning  with light ordinary  clothing after  removing  their footwear. Weight was taken using digital weighing balance to the  nearest 0.1 kg (Plate IV).

ii. Height


Height of an individual is made up of the sum of four parts,  legs, pelvis, spine and skull (Ruby,2006).  The standard height of adult can be determined with the tape measure fixed to the wall and a sliding right angle head board for reading the measurement (Smolin, 2006).

Height of the subjects was taken using stadiometer. The subjects were asked to remove their slippers and stand with his/her back of the head, back, buttocks, calves and heels touching the wall. The participants were asked to look straight. The head piece of the stadiometer was lowered  and the height was recorded to the nearest 0.1 cm (Plate IV).
iii.  BMI

BMI  is a  useful  clinical  calculation  for diagnosing  obesity  because it is  more  accurate  measure  of the body fat than weight alone. BMI was calculated  for all the  subjects using the following formula. The BMI was  compared with the standard values  given by WHO  (1990).
BMI =   Weight in kg


   Height in m2
iv. Waist and Hip circumferences

Waist circumference  was measured  by using  a fiber  reinforced plastic  tape for all the subjects. The  tape was passed mid-way  between  the lower  rib  margin  and iliac  crest and measurement was made  to the nearest 0.1 cm. The waist circumference is  compared with the standard values  given by IDF (2007).  Hip circumference was measured with tape passing over  maximum  protuberance  on buttocks  for all subjects (Plate IV).

v.  Waist Hip Ratio

 The ratio  of waist to  hip  is an indicator of central obesity. Waist to hip ratio was calculated  by  dividing  the  measured  waist circumference  by the  measured hip  circumference.  The waist hip ratio is  compared with the standard values  given by IDF (2010).
Waist Hip ratio =  Waist circumference (cm)
                                Hip circumference(cm)

c. Biochemical assessment


Biochemical assessment measures a nutrient or metabolite in one or more body fluids such as blood and urine or in faces (Smolin, 2006). Biochemical tests were carried out initially for all  the 40 subjects, subsequently after a gap of 45 days for the experimental hyperlipidemic subjects  alone and again  for all the 40 subjects at the end  of 90 days  of the  supplementation. (Plate IV)

For the type 2 diabetic subjects, fasting blood glucose was taken by  venipuncture after 8-12 hours of fasting, preferably in the morning in the supine position. The postprandial blood glucose was taken two hours after consumption of the food. The glycosylated heamoglobin also known as HbA1c is  a derivative  of normal  adult haemoglobin. The HbA1c level denotes  the percentage  of glucose  bound  to HbA. The higher the  blood glucose,  the more will be the glysosylation of haemoglobin (Smith, 2010). The  fasting blood glucose and the postprondial blood glucose was analyzed by glucose oxidase method. The  HbA1c  was analyzed by bidirectionally interfaced fully automated turbidometry method .

For hyperlipidemic subjects, blood samples  were collected by venipuncture  after 8-12 hours of fasting, preferably in the morning in the supine position after. The lipid profile estimations were carried out  for the selected hyperlipidemic subjects, using enzymatic method  for serum total cholesterol, enzymatic  colorimetric method for  triglycerides, phospho tungstate method for  high density lipoprotein  and the calculation  method for low density lipoprotein.




d. Clinical examination


This is one of the most practical and important methods used in assessing the nutritional status of the community. Symptoms like polyurea, polyphagia, polydypsia, weight loss, poor wound healing, fatigue, constipation, shivering, insomnia, infection and  ketoacidosis were recorded initially for  all the 200 subjects.

e. Conducting the supplementation study
i.   Selection and preparation of supplements

Based on the sensory evaluation and glycemic index values, six recipes were selected for the supplementation study. The recipes  namely,  wheat dosai, wheat rava dosai, adai, rava adai, mixed vegetable chapatti and chapatti were chosen for the supplementation study.

ii.   Preparation of  mixes 

The supplements were given in the form of  ready mixes. The various  mixes  at proper proportion  of  raw ingredients were packed in polythene packets and labeled  and sealed. The mixes in each packet  weighed 100 g and they  contained 25g of  microwave stabilized parboiled  rice bran.

iii.   Distribution  of the mixes

The supplements were given once in a week. The beneficiaries were not only taught but also demonstrated  the preparation of the recipes using mixes. Two meals were replaced by these ready mix fiber-rich recipes. Two ready mix packets were used  every day and the subjects were asked to prepare the recipe and consume according to their convenience.  The supplements  were given  for a period of 90 days. The dietary fiber content of each recipe varied from 7-10 g per 100 g which is helpful to meet half of the subject’s daily requirement. The  six types of ready mixes were distributed  every week  so that the subjects consumed fiber containing recipes  without any monotony. (Plate V)
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	PLATE-V. READY MIXES USED FOR SUPPLEMENTATION


iv.  Evaluation of the impact of supplementation

The anthropometric  measurements, biochemical estimation and clinical  examination  was carried out for all the 40 subjects at the end of the  supplementation. The biochemical estimation was performed  for 10 experimental hyperlipidemic subjects alone at the end of 45 days of supplementation  to ensure the positive  trend in the  biochemical changes.

F)  STATISTICAL ANALYSIS 
The data collected from  the subjects initially as well as  finally  were entered in a consolidation sheet. Mean, standard deviation, paired t-test were calculated using SPSS software.

IV.    RESULTS AND DISCUSSION

The results of the study on “Impact of adding rice bran to food supplements on type II diabetic and hyperlipidemic subjects” are  presented in the following heads: 

A)
Nutrient content  of different types  of rice bran

B)
Background details and dietary pattern of the subjects

C)
Acceptability of rice bran incorporated recipes and their nutritive value

D)
Glycemic index of the rice bran incorporated recipes

E)
Impact of supplementation of rice bran incorporated recipes on type II diabetic and hyperlipidemic  subjects.

A)
NUTRIENT CONTENT  OF DIFFERENT TYPES  OF RICE BRAN

The nutrient  content of different types of rice bran is presented in the Table I.


TABLE I
NUTRIENT CONTENT OF DIFFERNT TYPES OF BRAN (g/100g)

	Sample
	Moisture

(%)
	Ash
	Carbo-hydrate
	Fat
	Protein
	Dietary fiber

	Raw rice bran 
	6.15
	7.14
	41.12
	13.98
	11.07
	21.44

	Parboiled rice bran
	5.08
	7.75
	41.05
	13.53
	12.85
	20.13

	Raw autoclave stabilized rice bran 
	6.05
	7.15
	42.11
	12.21
	12.13
	20.15

	Parboiled autoclave stabilized rice bran
	6.08
	7.13
	43.02
	11.13
	12.14
	19.05

	Raw alcohol stabilized rice bran
	6.08
	7.06
	42.76
	12.10
	12.12
	19.52

	Parboiled alcohol stabilized rice bran
	5.87
	7.13
	43.45
	12.02
	12.53
	19.73

	Raw microware stabilized rice bran
	4.19
	7.05
	43.69
	12.15
	13.16
	20.15

	Parboiled microware stabilized rice bran
	3.93
	7.56
	45.55
	10.31
	12.42
	19.33


It can be inferred from the Table I that the moisture content of rice bran samples  varied from 3.93 to  6.15per cent. In general,  the raw  rice bran had maximum moisture content compared  to parboiled and stabilized rice bran samples. Stabilization definitely reduced the moisture content of the rice bran. Of the different techniques used for rice bran stabilization, microwave stabilization was found to be effective in reducing  the moisture content. 

The ash content which is the measure of the inorganic residues ranged from 7.05 to 7.75g/100g. 

Regarding the carbohydrate content of rice bran, it was maximum in parboiled microwave stabilized rice bran (45.55g/100g) and the rest of the samples exhibited the values in the range of 41.05 to 43.69g/100g. Ray and Chendu, (2006) reported that the carbohydrate content of raw and parboiled rice bran is about 42.3g/100g which is in line with the findings of the present study.

It was observed that the fat content was the lowest in the parboiled microware stabilized rice bran (10.31g/100g) compared to all the other  samples. Raw and  parboiled  rice bran has a very short shelf life due to its high fat content.  Sharma et al., (2004) stated that the rice bran stabilization lowered its crude fat and crude ash contents significantly, whereas the other constituents remained almost unchanged. This finding is in agreement with the present finding  that the stabilized rice brans had  low fat content ranging  from 10.31 to 12.21 g/100g compared to the raw (13.98 g/100g) and parboiled (13.53 g/100g) rice bran samples.

The protein content of the raw and parboiled rice bran were 11.07g and  12.85g respectively. The protein content of the stabilized rice bran varied from 12 to 13g per cent, the highest amount being present in raw microwave stabilized rice bran (13.16g/100g). The present findings are found to be similar to the reports of Roy (2006).

Total dietary fiber, a healthful component obtained from the bran ranged from 19 to 21 g/100g. The raw rice bran had higher amount of fiber. These types of rice bran go a long way in supplying the required quantities of dietary fiber and also results in profitable utilization of byproducts of milling industry. These findings are supported by Qureshi et al.,(2002) that 100 grams of  stabilized rice bran had 381 kcal energy and 12-16g/100g  protein. The moisture and ash content ranges from 4-8g/100g and 7-10g/100g respectively. The total carbohydrate value  varied between 40-55g/100g. The free fatty acid was less than four  per cent and the fiber content was about  20.4 and 25.5g/100g.
Free fatty acid content of the stabilized rice bran 

Table II indicates the free fatty acid content of the stabilized rice bran.

TABLE II

FREE FATTY ACID CONTENT OF THE STABILIZED RICE BRAN

	Types of  stabilized rice bran
	Free fatty acid content

	Raw autoclave stabilized rice bran 
	3.0

	Parboiled autoclave stabilized rice bran
	2.9

	Raw alcohol stabilized Rice bran
	3.3

	Parboiled alcohol stabilized rice bran
	3.0

	Raw microware stabilized rice bran
	3.0

	Parboiled microware stabilized rice bran
	2.8


The free fatty acid content of the stabilized rice bran was estimated after an interval of 15 days  of stabilization and the microwave stabilized parboiled rice bran exhibit the lower free fatty acid content (2.8) compared to all the stabilized rice bran.

B) BACKGROUND DETAILS AND DIETARY PATTERN OF THE SUBJECTS 

1.Background details
Information on the socioeconomic profile of the 200 subjects  initially studied is  presented in Table III.


TABLE III

BACKGROUND DETAILS OF THE TYPE  II DIABETIC AND HYPERLIPIDEMIC SUBJECTS








            (Number=200)

	Details
	N
	Per cent

	Age(Yrs)
	
	

	20 – 40
	22
	11

	40 – 60
	178
	89

	Educational qualification

	Literate
	136
	68

	Illiterate
	64
	32


Table III (Contd...)
	Details
	N
	Per cent

	Level of education:
	
	

	Primary
	8
	4

	High school
	42
	21

	Higher secondary
	34
	17

	Graduate 
	52
	26

	Sex

	Female
	94
	47

	Male
	106
	53

	Area of residence

	Urban
	7
	3.5

	Semi urban
	171
	85.5

	Rural
	22
	11

	Type of family

	 Joint
	66
	33

	Nuclear
	134
	67

	Occupation

	House wife
	65
	32.5

	Private service
	40
	20

	Government service
	27
	13.5

	Business
	40
	20

	Labourers
	28
	14

	Monthly income*( Rs)

	<3300
	40
	20

	3301-7300
	66
	33

	7301-14500
	40
	20

	>14,500
	54
	27


*income classification -HUDCO (2007)

Table III points out that out of 200 type II diabetic and hyperlipidemic subjects, 106 were male and 96 were female. Majority of the subjects were in the age group of 
40-60 years. Data from the 2011 National Diabetes Fact Sheet indicate that 11.3 per cent of all people in the age group of 20 years or older have diabetes,  26.9 per cent of all people in the age of  65 years or above have diabetes. In addition to that, 13.0 million or 11.8 per cent of all men aged 20 years or older have diabetes, 12.6 million or 10.8 per cent of all women aged 20 years or above  have diabetes. In this study, type II diabetes mellitus was found to be more between the age group of 40-60 years and male population had increased susceptibility to diabetes mellitus.

Majority of the type  II diabetic and hyperlipidemic subjects  were educated. Among them, four per cent  had primary  school level education, 17 and 21 per cent had high school and higher secondary school education respectively, 26 per cent were  graduates and  rest of them  were  illiterate.


The data revealed  that 32.5 per cent  of the subjects  were  home makers and  rest of them  were gainfully  employed in various  government (13.5%) and private (20%) organizations. Equal per cent (20%) of the subjects were engaged  in business  and  private  sectors. Rest of them were laborers.


Higher per cent (13.4%)  of the type II diabetic and hyperlipidemic subjects had  one  to four members in their family  and considered as nuclear families. Sixty six  per cent of the families had more than four members and  belonged to  joint families.  Regarding the area of residence, highest percentage of the population were residing in the semi urban area (85.5%) followed by 72 per cent  in the rural and 11 per cent in the  urban area. Mohan (2010) reported that prevalence of  diabetes was around 12 per cent in urban areas and 8-10 per cent in rural areas of Tamil Nadu.  According to IDF, by 2030 it is expected that prevalence of diabetes mellitus will increase to 228 million people with diabetes in urban areas and 99 million in rural communities (International Diabetes 
Federation 2009). The urban Tamil Nadu has 13.5 per cent and rural parts have  6.9 per cent of diabetics prevalence (The Hindu, 2009).


According to HUDCO (2007) income classification, 33 per cent of the subjects were under the income level of  Rs.3300-7300, 27  per cent were in the category of  Rs.>14,500 income group and an equal per cent of the subjects belonged to Rs.<3300 and Rs.7301-14500 category. According to Schuller (2007), currently 40-59 age group has the greatest number of people with diabetes with some 132 million in 2010, more than 75 per cent of whom live in low- and middle-income countries. By 2030, it is projected that there will be 188 million people with diabetes aged 40-59 years. More than 80 per cent will be found in newly developed or developing countries. There will be even more people at some 196 million in the 60-79 age group.

2.  Dietary pattern 


Dietary pattern including food consumption pattern, frequency of  intake of meals, oils  used for cooking, food  frequency, food habits and 24 hour  dietary recall  of the diabetic and hyperlipidemic subjects  were  elicited. Table IV presents the food intake pattern of the subjects.

TABLE  IV

FOOD INTAKE PATTERN OF THE TYPE II DIABETIC AND HYPERLIPIDEMIC SUBJECTS

	Details
	N
	Per cent

	Vegetarian
	5
	2.5

	Non-Vegetarian
	191
	95.5

	Eggitarian
	4
	2

	Number of meals 

	Below 3
	14
	7

	Three
	168
	84

	Above 3
	18
	9


Among the  type II diabetic and hyperlipidemic subjects, 95.5 per cent were non vegetarians, who ate at least 50 g of meat, fish and  poultry per week. 
Five per cent were  eggitarians, with the consumption of more than three eggs per week and the rest of the four per cent were labeled  as vegetarians. According to Trapp et al., (2010) a low-fat, plant-based nutritional approach improves control of weight, glycemia and cardiovascular risk. The “prudent or vegetarian pattern” was characterized by higher consumption of plant foods  that are rich in  nutrients hypothesized to prevent development of type II diabetes such as fiber, antioxidant vitamins, minerals, unsaturated fatty acids, phytoestrogens and phenolic compounds.
 
Regarding the number of meals consumed, 84 per cent of the type II diabetic and hyperlipidemic subjects had three meals per day, 18 per cent of them had more than 3 meals per day and 14 per cent of them had  less than three meals.

a.  
Oils used for cooking by the type II diabetes and hyperlipidemic subjects

Information in terms of oils used for cooking and the quantity used per month is presented in Table V.

TABLE V

OILS USED PER MONTH FOR COOKING BY THE SUBJECTS

	Types of fat/oil
	Never
	<1 lit
	1 – 3 lit
	4 – 7 lit
	< 7

	Butter
	82
	18
	-
	-
	-

	Ghee
	41.5
	58.5
	-
	-
	-

	Gingelly Oil
	-
	-
	73%
	19.5%
	7.5%

	Hydrogenated Oil
	95.5
	4.5
	-
	-
	-

	Groundnut Oil
	44.5
	-
	38
	17.5
	-

	Palmolein Oil
	70.5
	-
	23.5
	6
	-

	Sunflower Oil
	18
	-
	68.5
	13.5
	-

	Rice bran oil
	80
	-
	20
	-
	-

	Red palm oil
	-
	-
	-
	-
	-

	Vegetable oil
	-
	-
	-
	-
	-

	Olive oil
	97.5
	2.5
	-
	-
	-

	Soyabean oil
	-
	-
	-
	-
	-

	Coconut oil
	72.5
	27.5
	-
	-
	-


Note : Numbers are percentage of families

The above Table enlightened that majority of the type II diabetic and hyperlipidemic subjects consumed gingelly oil (100%) followed by sunflower oil (73%). Negligible  number of the subjects consumed rice bran oil (20%), coconut oil (27.5%), butter (18%), olive oil (2.5%) and hydrogenated oil (4.5%).

              According to Fife (2001), coconut oil helps to regulate blood sugar, thus lessening the effects of the disease. Coconut oil puts less of a demand on the enzyme production of the pancreas.  This lessens the stress on the pancreas during meal time when insulin is produced most heavily, thus allowing the organ to function more efficiently. Groundnut oil, which contains MUFA is found to be relatively hypocholesterolemic or hypotriacylglycerolemic. Substitution in the diet influences blood glucose, lipid profile, lipid peroxidation, and antioxidants beneficially (Ramesh, 2006). The vegetable oils rich in PUFA and MUFA were more preferred than hydrogenated fats and animal fats which contain high amount of saturated fatty acids. Twenty  per cent of the subjects used 1-3 liters of  rice bran oil on monthly basis. Seetharamaiah and Chandrasekhar, (2005) explained that the cholesterol lowering ability of rice bran oil appears to be due to oryzanol and to some other components of the unsaponifiable matter.

b. Food frequency

The food frequency is another retrospective approach used to determine frequency of consumption of specific foods. The results of the study  are given Table VI.

TABLE –VI

FOOD FREQUENCY PATTERN OF THE SUBJECTS

	Foods
	Never
	Daily
	Weekly once
	Weekly twice
	Fortnightly
	Monthly
	Occa-sionally

	Cereals & millets

	Rice
	-
	100
	-
	-
	-
	-
	-

	Wheat
	-
	28
	16
	51.5
	4
	0.5
	-

	Ragi
	-
	1
	7
	22
	36
	19.5
	14.5

	Pulses

	Whole pulse
	-
	20
	14
	66
	-
	-
	-

	Split pulse
	-
	84
	-
	16
	-
	-
	-

	Sprouted pulse
	-
	3
	30
	11
	24.5
	18.5
	13

	Vegetable & Fruits

	Leafy vegetables
	-
	3.5
	21
	38
	22
	9.5
	6

	Roots & Tubers
	-
	21.1
	30.5
	30
	9
	4
	2.5

	Other vegetables
	-
	96
	-
	4
	-
	-
	-


Table VI (Contd..)

	Foods
	Never
	Daily
	Weekly once
	Weekly twice
	Fortnightly
	Monthly
	Occa-sionally

	Citrus fruits
	-
	12
	25
	15.5
	36.5
	9.5
	1.5

	Other fruits
	-
	53
	15
	24
	8
	-
	-

	Milk & Milk products

	Milk
	-
	100
	-
	-
	-
	-
	-

	Ghee
	46.5
	-
	-
	-
	1.0
	12.5
	40

	Butter
	55.5
	-
	-
	-
	4
	5
	35.5

	Buttermilk
	10
	90
	-
	-
	-
	-
	-

	Non-vegetarian foods

	Fish
	-
	4.5
	28.5
	6
	12.5
	17.5
	31

	Egg
	3.5
	4.5
	31.5
	36.5
	12.5
	7
	4.5

	Meat& Poultry
	1.5
	-
	45
	24.5
	13.5
	14.5
	1

	Fats & oils

	Oils
	-
	100
	-
	-
	-
	-
	-

	Sugars & sweets

	Sweets
	10
	-
	2.5
	10
	2.5
	22.5
	52.5

	Artificial sweetener
	57
	21.5
	1.5
	2.5
	12
	-
	5.5

	Refined Foods

	Bread
	-
	1.5
	1.5
	7.5
	34
	34.5
	21

	Biscuit
	-
	97
	2
	1
	-
	-
	-

	Preserved foods
	37
	8.5
	3
	4.5
	12
	9.5
	25.5

	Savory
	19
	8
	8.5
	34
	21
	5.5
	4

	Fast foods
	30
	1.5
	4
	-
	17.5
	20
	27

	Fried foods
	12
	-
	20
	18
	23
	10
	17

	Confectionary
	33
	-
	-
	1
	12
	11.5
	42.5


It was  evident that rice was mostly consumed by all the type II diabetic and hyperlipidemic subjects on  daily basis. Most of them consumed wheat and ragi weekly twice. In the case of pulses, whole and split pulses  were taken by  the subjects on weekly or daily basis. Sprouted pulses which is the rich source of nutrients were taken  by the subjects fortnightly. Most of the subjects consumed  green leafy vegetables once in a week or weekly twice. Roots and tubers were consumed weekly once or twice. Other vegetables were taken daily because of their availability and low cost. Citrus fruits were consumed fortnightly depending upon their availability. Other fruits like banana, apple and guava were consumed daily. Milk and milk products were consumed daily and 90 per cent of the population had buttermilk as part of their lunch. Most of the type II diabetic and hyperlipidemic subjects consumed butter and ghee occasionally. In the case of non vegetarian foods most of the subjects consumed eggs weekly twice, other fleshy foods like  fish and meat and poultry were consumed once in a week. The fish and the chicken were preferred than meat and eggs. The diet higher in processed meats, may increase the risk of type II diabetes in women . Sweets which have no place in diabetic’s diet was taken occasionally by the type II diabetic and hyperlipidemic subjects. Sweeteners  were consumed occasionally by  type II diabetic and hyperlipidemic subjects. Refined food items like biscuits were taken on a daily basis by most of the type II diabetic and hyperlipidemic subjects as mid-morning or mid-evening snack. Bread was taken fortnightly or monthly basis. Preserved items like pickles, jam and jelly were consumed  occasionally.
c. Food habits of type II diabetic and hyperlipidemic subjects
Food habits of the most of the type II diabetic and hyperlipidemic subjects depict that higher percentage (34.5 %) of the  subjects were having the  habit of nibbling between the meals and external cues (31.0 %) to eat  rather than internal hunger and  27.5 per cent of the subjects especially housewives did not  want the left over foods to be thrown out and consumed  forcibly. Stress related anxiety, depression and happiness alter the food habits by stimulation of epinephrine  leading to increased food intake by  seven per cent of subjects.

d. Food intake of type II diabetic and hyperlipidemic subjects

The food intake pattern of the experimental and the control  diabetic and hyperlipidemic subjects are  given in Table  VII and VIII.

TABLE VII

MEAN FOOD INTAKE OF TYPE II DIABEIC SUBJECTS (in grams)

	Food groups
	Control
	Experimental

	
	Male
	RDA*
	Female
	RDA*
	Male
	RDA*
	Female
	RDA*

	Cereals
	366.40
	250
	367.55
	250
	367.40
	250
	377.55
	250

	Pulses
	45.50
	20
	54.54
	20
	49.35
	20
	57.54
	20

	Green leafy vegetables
	64.00
	200
	65.67
	200
	68.67
	200
	69.80
	200

	Other vegetables
	45.70
	200
	48.70
	200
	42.80
	200
	43.80
	200

	Fruits
	68.55
	100
	48.25
	100
	58.65
	100
	49.50
	100

	Milk and milk products
	230
	150
	240
	150
	210
	150
	250
	150

	Oil/fat
	20.50
	20
	25.50
	20
	25.50
	20
	27.50
	20

	Fleshy foods
	105.50
	70
	110.60
	70
	110.70
	70
	115.50
	70


* RDA for diabetes patients (1997)

From the table it is clear that there was an excess in the intake of cereals, pulses, milk and milk products, fats and oils  and fleshy foods in the males and females were observed in the control group. The deficit intake of green leafy vegetables, other vegetables, fruits lead to the less intake of dietary fiber. In the case of  experimental group excess intake of cereals, pulses, fleshy foods and milk and milk products were observed in females  and males. In the experimental group, the deficit intake of green leafy vegetables, other vegetables, fruits  were observed. Among the control and the experimental group  females showed  greater intake than males.

TABLE VIII

MEAN FOOD INTAKE OF HYPERLIPIDEMIC SUBJECTS (in grams)

	Food groups
	Control
	Experimental

	
	Male
	RDA
	Female
	RDA
	Male
	RDA
	Female
	RDA

	Cereals
	395.55
	400
	387.50
	300
	375.60
	400
	345.50
	300

	Pluses
	54.54
	50
	47.50
	40
	50.05
	50
	38.35
	40

	Green leafy vegetables
	25.67
	75
	26.00
	100
	27.50
	75
	25.78
	100

	Other vegetables
	48.60
	75
	47.80
	50
	39.80
	75
	33.50
	50

	Roots and tubers
	55.50
	75
	45.50
	50
	52.60
	75
	46.76
	50


Table VIII (Contd...)

	Food groups
	Control
	Experimental

	
	Male
	RDA
	Female
	RDA
	Male
	RDA
	Female
	RDA

	Fruits
	58.00
	100
	45.20
	100
	55.60
	100
	53.40
	100

	Milk and milk products
	250
	200
	220
	200
	220
	200
	220
	200

	Oil/fat
	32.50
	20
	33.50
	20
	33.50
	20
	35.50
	20

	Fleshy foods
	125.50
	30
	140.0
	30
	130.50
	30
	125.60
	30

	Sugar and jaggery
	23.5
	20
	24.5
	20
	25.5
	23.5
	24.00
	20


The subjects in the control group  showed a higher and better intake in terms of cereals,  pulses, milk and milk products, oils and fleshy foods and sugars for males and females. The intake of  green leafy vegetables and other vegetables  and fruits  were less compared to the  RDA in the control group. In the experimental group the intake of cereals, milk and milk products, oils and fleshy foods and sugars of males and females were higher compared to the RDA in the experimental group. The pulse intake was slightly less for females in the experimental group. Green leafy vegetables, other vegetables and roots and tubers  intake  was  deficient  both in males and females.

The findings concluded that there was an excess intake of cereals, pulses, milk and milk products, oils and fleshy foods and  deficient intake of fruits and vegetables and green leafy vegetables in the diabetic and the hyperlipidemic subjects.

e.  Life Style Pattern
Life style  means  the way of our living. There are a lot of ways that affects  diabetes but some of the important ones include diet, exercise and stress.

TABLE IX
ACTIVITY PATTERN OF SUBJECTS
	Parameters
	Number
	Per cent

	Activity pattern

	Sedentary
	125
	62.5

	Moderate
	61
	30.5

	Heavy worker
	14
	7

	Nature of the subjects

	Care free
	2
	1

	Cautious
	63
	31.5

	Very cautious
	74
	37

	Short tempered
	43
	21.5

	Quiet and brooding
	9
	4.5

	Volatile & brooding
	9
	4.5

	Stress faced by the subjects

	Stress in family
	75
	37.5

	Stress in work
	44
	22

	Stress in environment
	8
	4

	Stress both in family & work
	36
	18

	Stress both in family & Environment
	15
	7.5

	Stress both in family & environment & work
	10
	5

	Stress both in work & environment
	12
	6


Among 200 subjects 62.5 per cent of subjects involved in sedentary activities and  only 7 per cent  of the subjects involved in heavy work.


Form the Table it is apparent that most of the subjects were very cautious (74%) and short tempered (43%). Equal amount (9%) of the subjects  were quiet and brooding and violent and brooding while dealing with a problem. 

From the  Table IX  it is understandable  that most of the  subjects became stressful  because of the problems in the family and  22 per cent of the subjects became stressed in the work place. It is more clear that most of the subjects faced stress  in the family and work place (18%) when compared to stress caused  by environment (4%). 

Evidence suggested that stressful situation might affect diabetes, in terms of  both its onset and  its exacerbation. Stress might affect diabetes both through physiological mechanism and via behavior (Cathy, 2007). 

f. Habits of smoking / chewing / alcohol consumption

Now-a-days, because of the life style modifications majority of the people may indulge in smoking, chewing pan and drink alcohol and this faulty habits leads to the  long term chronic complications. The habits of smoking / chewing / alcohol consumption of the subjects is presented in the Table X. 

TABLE X       
HABITS OF SMOKING / CHEWING / ALCOHOL CONSUMPTION OF THE SUBJECTS

	Smoking
	Daily
	Weekly once
	Weekly twice
	Fortnightly
	Occasionally
	Never
	Monthly

	Cigarette
	42.5
	-
	-
	-
	7.5
	50
	-

	Beedi
	6.5
	-
	-
	-
	-
	93.5
	-

	Chewing Tobacco
	6.5
	1
	-
	-
	-
	92.5
	-

	Panmasala
	31
	1
	-
	-
	-
	68
	-

	Betel leaves
	15
	5
	1
	-
	-
	79
	-

	Alcohol
	17
	10
	4
	42
	13
	9
	5


Cigarette (42.5%) is mostly smoken by the subjects compared to beedi (6.5%) on daily basis. Smoking increased the risk of Coronary Heartary Disease (CHD)  by  3-5 times. Pan masala was vastly chewed daily by the 31 per cent of  subjects than betal leaves (15%) and tobacco (6.5%) chewing. The tobacco in the form of cigarettes and beedies contains nicotin which initiate the progress of atheroscrosis  and vasodilation. Smoking increases LDL cholesterol  and reduces the HDL cholesterol.  Alcohol consumption was observed  in 166 out of the total 200 subjects and 17 per cent  of the subjects consumed alcohol daily. Drinking alcohol in people with diabetes can increase blood sugar. Blood pressure may increase triglyceride levels and interfere with the positive effects of oral diabetes medicines or insulin (Safala, 2005).

g. Physical activity pattern

  
In the physical activity pattern the investigator  enquired about the types of the physical activities  performed by the subjects  and finding  are given in  Table XI.
TABLE XI

PHYSICAL ACTIVITY PATTERN OF THE TYPE II DIABETIC AND HYPERLIPIDEMIC SUBJECTS

	Type of activity
	None
	Less than 30 min/day
	30 min / day
	More than 30 min. per day
	1 hour per day
	More than 
1 hour per day

	Walking
	-
	8
	50
	23
	18
	1

	House work
	-
	6
	6.5
	52
	12.5
	23

	Gardening
	37
	33
	18.5
	11.5
	-
	-

	Jogging
	92
	3
	-
	2
	2
	1

	Cycling
	46
	39.5
	14
	0.5
	-
	-

	Yoga
	79.5
	1
	6.5
	5.5
	6.5
	1


Physical activity is strongly linked to overall healthy lifestyle recommendations because it affects energy balance  and the risk of lifestyle related  diseases. Fifty per cent of the population practised walking for 30 minutes everyday. Most of the house wives spent more than one hour for household works. Jogging and yoga were less pronounced among the type II diabetic and hyperlipidemic subjects. Cycling a kind of aerobic exercise  was  followed by 39.5 per cent of subjects and 33 per cent of the population indulged in gardening at least less than 30 min/day. 

Physical activity regimens three to four times a week for 30–60 minutes not only improves HbA1c but also effective in reducing levels of triglycerides and  VLDL. In addition to that, physical activity reduces the blood pressure levels in hyperinsulinemic subjects (American Diabetes Association, 2008).

h. Clinical symptoms

The clinical symptoms of the subjects is given in the  Table XII

TABLE XII 

CLINICAL SYMPTOMS OF THE SUBJECTS

	Symptoms
	N
	Per Cent

	Polyuria
	178
	89

	Polyphagia
	152
	76

	Polydypsia
	130
	34

	Weight Loss
	90
	45

	Hyperglycemia
	68
	65

	Poor Wound Healing
	64
	32

	Fatigue
	46
	23

	Constipation
	108
	54

	Shivering
	30
	15

	Visual Disturbance
	16
	8

	Insomina
	68
	34

	Infection
	24
	12

	Ketoacidosis
	90
	45


# Multiple responses

It is clear from the Table that most of the persons experienced polyuria (89%) followed by polyphagia (76%) and hyperglycemia (65%). Constipation was observed in 54 per cent of the subjects. Shivering as a consequence of hypoglycemia was experienced by 15 per cent of the population. Infection and poor  wound healing was observed in 12 and  32 percent of the population.

i.  History of diseases

History of  benign diabetes mellitus, hypertention and  hyperlipidemia, are  presented in the Table XIII.

TABLE XIII
HISTORY OF DISEASES OF TYPE II DIABETIC AND HYPERLIPIDEMIC SUBJECTS

	Period
	Type 2 Diabetes Mellitus
	Hypertention
	Hyperlipidemia

	
	N
	%
	N
	%
	N
	%

	<1 year
	10
	5
	12
	6
	64
	32

	1-5 years
	86
	43
	86
	43
	72
	36

	6-10 years 
	69
	34.5
	73
	36.5
	11
	5.5

	>10 years
	22
	11
	15
	7.5
	5
	2.5

	Without illness 
	13
	6.5
	14
	7
	42
	21


Around 43 per cent of the  subjects  reported  1-5 years of diabetic as well as hypertension history and 34.5 per cent  of the subjects were having the history of 6-10 years of diabetes mellitus. Around 11 per cent of the subjects had more than 10 years of history of  diabetes mellitus and only 5 per cent of the subjects were  having  less than one year of  diabetic history. 

With regard to hypertension, one of the  complications of  diabetes mellitus reported in  93 per cent of the  subjects and 5.5 per cent of the subjects recorded 6-10 years of the  hypertension history. Hyperlipidemia  a long term  complications in the diabetes mellitus was reported in  76 per cent of the subjects and  a  majority of them (36%) recorded 1-5 years of history of hyperlipidemia. 

j.  Family history of diabetes mellitus 

Family History
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Fig 3.Family history of diabetes mellitus

An imprint of familial tendency  for type II diabetes mellitus  was observed in 113 subjects. The results showed  that  among those subjects  who had familial  tendency the inheritance pattern  was seen  for first, second and third  degree relatives. 

One hundred and thirteen subjects were suffering from diabetes due to their the first degree inheritance. Out of 113 subjects, equal number of  subjects got either from the father or from the mother and 37 subjects got from the father and mother. Apart from this 50 subjects got diabetes  mellitus from second degree relatives and 27 subjects got from their  paternal grand parents and 13 subjects suffered from their maternal grand parents. Ten subjects inherited  from their paternal and maternal grand parents. Obviously, 18 subjects had no family history of diabetes mellitus. 

k. Anthropometric measurements

The current epidemic of diabetes is being driven by the obesity epidemic, which represents a state of tissue fat overload. Table XIV presents the BMI of the subjects studied.

TABLE XIV

BMI  OF TYPE II DIABETES MELLITUS AND 
HYPERLIPIDEMIC  SUBJECTS

	BMI
	N
	Per cent

	Under Weight

< 18.5
	6
	3

	Normal

18.5 – 24.9
	33
	16.5

	Overweight

25 – 29.9
	97
	48.5

	Obese

30 – 39.9
	62
	31

	Extremely obese

> 40
	2
	1


(Ref:WHO,1999)

It is clear that overweight and obesity were predominant among the diabetic and hyperlipidemic subjects. Over weight (48.5%) was observed to be high among the type II diabetic and hyperlipidemic subjects followed by obesity (31%). Obesity significantly exacerbates the deleterious association between diabetes, hyperlipidemia, and hypertension, and health function (Sullivan et al., 2008). Two subjects recorded body mass index more than 40. Thirtythree subjects were under the category of normal BMI. Only six members were underweight. 

Waist circumference and waist hip ratio of the of type II diabetic and hyperlipidemic subjects  is presented in the Table XV.

TABLE XV

WAIST CIRCUMFERENCE  AND WAIST HIP RATIO OF THE SUBJECTS

	Waist circumference*

	Gender
	N
	%

	Males

	< 90
	62
	58.4

	> 90 (above normal)
	12
	11.3

	> 102 (above normal)
	32
	30.3

	Females

	<80
	15
	15.9

	> 80 (above normal)
	25
	26.6

	> 88 (above normal)
	54
	57.4

	Waist hip ratio*

	Gender
	N
	%

	Males

	<1
	77
	72.6

	>1
	29
	27.4

	Females

	<0.85
	38
	40.4

	>0.85
	56
	59.6


*(Ref :IDF 2010)

Waist circumference  is a surrogate marker of visceral fat mass. Waist circumference  measurement may be a useful preliminary screening tool for central fat estimation  frequently been found to be  more closely correlated with metabolic risk factors than BMI (Alberti, 2009). The data from the Table XV shows that 62 subjects had normal waist circumference  (<90cm).  Remaining subjects were having waist circumference >90cm (12 subjects) and >102cm  (32 subjects). Among the 94 females highest number (56) were having gynacoid type where  fat  deposit is  in the lower body.

Out of 94 females, 15 subjects were having normal waist circumference. Around 79 female subjects had  > 80 cm (25 subjects) and >88 cm (54  subjects) of waist circumference. From the Table, it is clear that most of the females (54 subjects) had waist circumference >88cm than males (32 subjects) who had aist circumference >102cm. Hence, women were more prone to abdominal obesity than men. The data from  the research support that  the abdominal obesity in Tamil Nadu was as high as 22.4 per cent in males and 35.3 per cent in females. (http://www.mydiabetes.in/news/2010/Dec/10-per-cent-of-tamil-nadu-population- affected- by-diabetes-97785890.html)

People who have  a large waist to hip ratio are 60 per cent  are prone to  heart diseases (Joshi, 2003). The results support this finding that out of 106 male subjects 29 subjects  had the waist hip ratio of > 1  and 77 subjects were having  the waist hip ratio of less than one. With regard to female subjects (56%) higher per cent of them were under the above normal category.

C
ACCEPTABILITY OF THE  RICE BRAN INCORPORATED RECIPES AND THEIR NUTRITIVE VALUES 

1.  Sensory evaluation 


 The results of the sensory evaluation  of different rice bran incorporated recipes  and its statistical significance are given in Tables XVI and XVII.

TABLE  XVI
SENSORY EVALUATION OF THE RICE BRAN INCORPORATED RECIPES

(Maximum score = 9)
	Recipes
	Level of incorporation of rice bran

	
	Standard

(I)
	25%

(II)
	30%

(III)
	35%

(IV)

	Cereal based recipes

	Chapatti
	8.45 (0.51
	8.05 (0.39
	6.05(0.60
	4.35(1.18

	Mixed vegetable chapatti
	8.5 (0.68
	8.10 (0.30
	5.75(0.78
	4.15(1.13

	Wheat dosa
	8.4 (0.59
	8.05 (0.22
	6.25(0.55
	3.32(1.21

	Wheat rava dosa
	8.8 (0.41
	8.45 (0.51
	5.85(0.67
	4.05(0.88

	Rice Vermicilli
	8.7 (0.47
	8.40 (0.50
	5.5(0.68
	3.71(1.08

	Ragi vermicilli
	8.35 (0.58
	8.2 (0.41
	4.75(0.44
	2.75(0.96

	Kolukattai
	8.75 (0.44
	8.4  (0.52
	5.15(0.58
	3..55(0.82

	Pulse based recipes

	Adai
	8.15 (0.58
	8 (0.00
	6.25(0.85
	3.5(1.19

	Ragi adai
	8.45 (0.51
	8.20 (0.41
	5.65(0.58
	3.95(1.05

	Rava adai
	8.45 (0.51
	8.20(0.0.41
	5.8(0.52
	3.00(0.79


Mean   ( Standard deviation

TABLE XVII

STATISTICAL  COMPARISON  OF ACCEPTIBILITY SCORES OF THE RICE BRAN INCORPORATED RECIPES

	Comparision
	Cereal based preparations
	Pulse based preparations

	
	Chappathi
	Mixed vegetable chppathi
	Wheat  dosa
	Wheat rava dosa
	Rice vermicilli
	Ragi vermicilli
	Kolukattai
	Adai
	Ragi adai
	Rava adai

	Std vs (I)
	3.55*
	2.62*
	2.66*
	2.10*
	2.04NS
	1.00NS
	1.92NS
	1.14NS
	1.56NS
	1.56NS

	Std vs (11)
	13.07**
	12.06**
	10.30**
	13.21**
	20.56**
	17.12**
	32.03**
	8.22**
	17.12**
	13.54**

	Std vs (III)
	14.64**
	19.68**
	18.85**
	27.01**
	24.36**
	36.79**
	33.41**
	16.39**
	36.79**
	19.74**

	(I)vs (II)
	14..66**
	12.93**
	13.07**
	17.08**
	16.45**
	23.21**
	17.08**
	9.19**
	15.77**
	16.61**

	(I)vs (III)
	15.91**
	15.41**
	17.57**
	17.22**
	17.25**
	25.51**
	20.85**
	16.88**
	30.28**
	15.72**

	(II)vs (III)
	6.47**
	5.81**
	8.21**
	5.60**
	11.56**
	6.63**
	14.23**
	7.92**
	6.63**
	17.99**


 ** significant  at one per cent 

*    significant at  five per cent 

      NS =  Not  Significant

Cereal based recipes

Cereals are mostly used by our Indians on daily basis. For the  acceptability  trials chappathi, mixed vegetable chappathi, rice vermicilli, ragi vermicilli, wheat rava dosa, wheat dosa were selected .

Chappathi

 
It is clear from Table that the mean acceptability score of chapatti  incorporated  with  25, 30, 35 per cent of rice bran were  8.05, 6.05, 4.35. The scores were lower than the standard. While comparing with the  standard 25 per cent incorporation shows less significant difference than the 30 and 35 per cent incorporation. Comparing the 25 per cent incorporated  rice bran  with 30 and 35 per cent incorporation 25 per cent was found to be  most acceptable than the rest. According to Gajula et al., (2008) increase in bran level from 0 to 25 per cent significantly reduced the overall acceptability and all other attributes of chappathi.    

Mixed vegetable chapatti

  
The standard  mixed vegetable chapatti scored high (8.5) followed by 
25 per cent (8.1), 30 per cent(5.75) and 35 per cent(4.15) rice bran incorporated recipes. The 25 per cent incorporation showed less significant difference, compared to 30 and 
35 per cent incorporation.

Wheat dosa

  
 The mean scores of the standard wheat dosa was 8.4. Among the test recipes the highest mean score was seen  at the 25 per cent (8.05) rice bran incorporated  wheat dosa followed by 30 per cent (6.25) and 35 per cent (3.32) incorporation. The 25 per cent incorporation of rice bran shows less significant difference compared to the standard. As the level of incorporation increased acceptability scores decreased. 

Wheat rava dosa

 For the  wheat rava  dosa there was a  significant  difference at  35 per cent incorporation level when compared to the standard. Rice bran incorporated (25%) wheat rava dosa  showed less  significant difference  in their  acceptability  than the rest of the  variations.

Rice vermicilli

 Rice vermicili is one of the extruded product  prepared with  the  addition of 25, 30, 35 per cent incorporation of rice bran. The standard and the test recipes were compared at the 25, 30, 35 per cent level of incorporation. There was no significant difference at 25 per cent incorporation  compared to the  standard. The 30 per cent and the 35 per cent showed greater  significant difference compared to the standard. This finding shows that the lesser the addition of rice bran greater is the acceptability.

Ragi vermicilli

In ragi vermicelli,  the rice bran was incorporated at the  25, 30, 35 per cent level and compared with the standards. The results showed that there was  no significant difference between the standard and the test recipes. Out of the test recipes,  25 per cent scored highest mean value (8.2) than the 30 per cent (4.75) and 35 per cent (2.75) level incorporation.

Pulse based preparations

 
Pulse occupy an important place  in the diet of Indian people. The pulse based recipes like adai, ragi adai, rava adai were chosen for acceptability trials. 

Adai

The standard adai scored more than 25, 30, 35  per cent  level of rice bran incorporated adai. The  rice bran incorporation at 25 per cent  showed no  significant difference compared to  30 and 35 percent  rice bran incorporation.

Ragi adai

Ragi adai,  one of the pulse based  preparations, showed greater acceptability  at 25 per cent incorporation out of all the test recipes when compared to the standard. Among test recipes, the 25 per cent level of incorporation showed no  significant difference compared to standard.

Rava adai
 
In rava adai, rice bran was added at 25, 30, 35 per cent level and compared  with the standard recipe. The 35 per cent incorporation resulted in the  least mean score (3.00). The mean score  for the standard (8.45) was high followed by the 25 per cent (8.20)  and 30 per cent (5.8) level of incorporation.

From the acceptability trials, it was concluded that the  rice bran at 
25 per cent level of incorporation  is most acceptable comparing to the other test recipes. These finding concluded  that the increased ratio of  incorporation of rice bran  affects the acceptability.

2.  Nutritive value of the rice bran incorporated ready mixes 

All the  rice bran incorporated ready mixes  at 25 per cent level of  incorporation  was selected for nutrient analysis.
 
The data presented in the Table XVIII gives the  nutrient composition per portion of  specially  formulated rice bran  incorporated ready mixes.

TABLE XVIII

NUTRITIVE VALUE OF THE RICE BRAN INCORPORATED READY MIXES (g /100g )
	Recipes
	Moisture

(%)
	Ash
	Carbohydrate
	Fat
	Protein
	Dietary fiber

	Cereal based ready mixes    

	Chapatti
	7.14
	1.56
	70.77
	1.08
	10.24
	8.12

	Mixed vegetable chapatti
	8.26
	2.65
	68.96
	1.24
	10.43
	8.34

	Wheat dosa
	8.03
	2.76
	69.06
	1.15
	11.56
	8.61

	Wheat rava dosa
	8.16
	3.15
	68.85
	1.12
	10.89
	8.5

	Rice Vermicilli
	7.41
	2.98
	70.76
	2.62
	10.78
	5.65

	Ragi vermicilli
	8.65
	3.05
	69.89
	2.04
	10.67
	5.55

	Kolukattai
	7.68
	3.87
	70.43
	2.67
	8.34
	5.50

	Pulse based ready mixes    

	Adai
	8.97
	3.78
	61.26
	2.21
	14.56
	8.22

	Rava adai
	8.65
	3.07
	60.08
	2.43
	15.34
	8.50

	Ragi adai
	8.79
	3.89
	60.53
	3.04
	14.06
	8.72


Carbohydrate content of cereal based ready mixes  was found to be highest in  chapatti (70.77g/100g) followed by rice vermicilli (70.76g/100g) and kolukattai (70.43g/100g). The nominal amount was recorded in the case of  wheat dosa (69.06g/100g) and wheat rava dosa (68.85g/100g) and ragi vermicelli (69.89g/100g) ready mixes. Among the pulse based ready mixes, adai (61.26 g/100g) scored highest  amount of carbohydrate followed by ragi adai (60.53 g/100g) and rava adai 
(60.08 g/100g).


Protein content  of the cereal based ready mixes  with rice bran  varied from 8 to 11.56 g/100g. The highest amount was found in pulse based ready mixes like rava adai (15.34 g/100g) followed by adai (14.56 g/100g) and ragi adai (14.06). In the case of  cereal based ready mixes  wheat dosa (11.56g/100g) high followed by wheat rava dosa (10.89g/100g), rice vermicilli, (10.78) and  ragi vermicelli (10.67). Kolukattai (8.34) scored less compared to all ready mixes.


Fat content of the  rice bran added ready mixes ranged from 1.08 - 3.04g/100g. 
In the case of cereal based ready mixes  ragi vermicelli (2.04 g/100g), rice vermicelli (2.62 g/100g) and kolukattai (2.67 g/100g) scored high  compared to the other cereal based  preparations. Other cereal based ready mixes  like vegetable chapatti and  wheat dosa scored 1.24 g/100g,  1.15g/100g respectively. The chapatti (1.08g/100g) contained less fat when compared to all the other ready mixes. Regarding the pulse based ready mixes adai, ragi adai, rava, adai score 2.21g/100g,  3.04 g/100g,  2.43 g/100g, respectively.
The moisture content of the ready mixes varied from 8.97to 7.14. Among the cereal based ready mixes  ragi vermicilli (8.65 %) recorded higher moisture content followed by vegetable chapatti (8.26%). The lowest amount present in the chappathi (7.14%). In the case of  pulse based ready mixes, adai (8.97%) contains highest amount of  moisture.

The ash content which is the measure of the mineral content varied from 1.56 g/100g to 3.89 g/100g. The highest amount was recorded for  ragi adai 
(3.89 g/100g)  followed by kolukattai (3.87g/100g) and adai (3.78g/100g). The lowest amount is recorded in chappthai (1.56g/100g)

Dietary fiber  which is the main component of the  ready mixes   varies from 8.72g/100g to 5.50g/100g. The increase in the fibre content may be due to the presence of rice bran. The fibre content of wheat dosa (8.61 g/100g) was highest among the cereal based ready mixes. Adai (8.72g/100g)  had highest fibre content among the pulse  based ready mixes. The bran present in the ready mixes  may show an effect on the blood glucose and lipid profile.

D.  GLYCEMIC INDEX OF THE RICE BRAN INCORPORATED RECIPES

1.  Mean blood glucose levels
Glycemic index is a numerical  system of  measuring  how much of  a rise in circulating blood sugar that the carbohydrate triggers. Higher the  number, the greater the blood  sugar response. Table XIX shows  the mean blood glucose  values of the selected subjects when fed with glucose, standard and experimental recipes. 

TABLE XIX

MEAN BLOOD GLUCOSE VALUES OF SELECTED SUBJECTS DURING GLYCEMIC INDEX EXPERIMENT

	Recipe
	Blood glucose values (mg/dl)

	
	Fasting
	½ hour
	1 hour
	1½ hour
	2 hours

	Wheat chappathi

	Glucose load
	86
	139.8
	128
	117.7
	97.7

	Standard recipe 
	86.1
	130
	115
	99.6
	91.7

	Test recipe
	86
	119
	112
	95.9
	87.7

	Wheat rava dosa

	Glucose load
	77.7
	145.8
	120
	95.9
	87.7

	Standard recipe 
	81.9
	129.9
	109.8
	95.8
	86

	Test recipe
	86.0
	118.9
	105.8
	95.5
	83.7

	Mixed vegetable chapatti

	Glucose load
	84
	145.7
	116
	107.2
	90

	Standard recipe 
	85.2
	131.7
	113.7
	95
	89.8

	Test recipe
	86
	110.7
	108.2
	91.8
	83.8

	Wheat dosa 

	Glucose load
	83.6
	141.8
	125.9
	104
	92

	Standard recipe 
	80.10
	133.7
	111.6
	98.0
	88.01

	Test recipe
	81.9
	117.8
	105.7
	97.7
	85.90


Table XIX (Contd...)

	Recipe
	Blood glucose values (mg/dl)

	
	Fasting
	½ hour
	1 hour
	1½ hour
	2 hours

	Adai

	Glucose load
	85.9
	139.8
	130.1
	113.7
	93.8

	Standard recipe 
	83.7
	130.1
	110.0
	93.8
	87

	Test recipe
	83.9
	114
	102.1
	95.8
	85.7

	Ragi adai

	Glucose load
	85.8
	142
	129.9
	110.2
	91.9

	Standard recipe 
	85.9
	127.7
	114.1
	103.8
	88.9

	Test recipe
	83.8
	117.9
	103.9
	95.7
	85.8

	Rava Adai

	Glucose load
	84.7
	139.7
	129.9
	99.9
	87.3

	Standard recipe 
	83.8
	129.9
	111.8
	103.7
	87.8

	Test recipe
	85.7
	115.8
	105
	95.4
	84.7

	Rice vermicilli

	Glucose load
	70.2
	139.6
	110.1
	93.8
	83.7

	Standard recipe 
	73.8
	129.7
	105.7
	95.1
	87.1

	Test recipe
	75.8
	109.9
	104
	95.5
	80

	Ragi vermicilli

	Glucose load
	83.8
	145.8
	109.8
	95.9
	87.8

	Standard recipe 
	86
	134.1
	110.1
	95.7
	88.8

	Test recipe
	84.1
	109.9
	103.8
	97.7
	85.1

	Kolkattai

	Glucose load
	87.7
	149.9
	120.1
	95.9
	88.8

	Standard recipe 
	86.9
	132
	109.8
	96.1
	87.9

	Test recipe
	83.8
	119.6
	105.7
	94.1
	85.7


When comparison was drawn between the standard and the test recipes, there was a significant  difference in  blood glucose values when compared  at half-an-hour, one-hour, one–and-half hour and two hour intervals. Carbohydrates are known to  account for  


the variations  in the glycemic response  to the meals, but GI also affected by factors  such as the nature of starch, cooking  and food processing  methods and other dietary constituents like  dietary fiber, fat and protein.
2.  Glycemic index of the recipes 

The mean glycemic index of the standard and rice bran incorporated recipes are shown in the  Table XX.
TABLE - XX
GLYCEMIC INDEX OF THE STANDARD AND RICE BRAN INCORPORATED RECIPES

	Recipes
	Glycemic index(GI)$
	Catogery #
	‘t’ value

Std vs Test

	CEREAL BASED RECIPES

Wheat chappathi

· Standard 

· Test 
	73.12( 0.52 

52.40(0.43
	High

Low
	84.49**

	Wheat rava dosa 

· Standard 

· Test
	70.00(0.53

46.60(0.73
	Medium

Low
	157.86**

	Mixed vegetable chapatti

· Standard 

· Test
	82.71(0.39

54.35(0.52
	High

Low
	107.82**

	Wheat dosa 

· Standard 

· Test
	84.40(0.15

52.81(0.52
	High

Low
	161.56**

	Kolukattai

· Standard 

· Test             
	81.52(0.40

67.68(0.57
	High

Medium
	52.46**

	Rice vermicelli

· Standard 

· Test
	79.50(0.36

63.70(0.93
	High

Medium
	48.60**


Table XX (Contd...)

	Recipes
	Glycemic index(GI)$
	Catogery #
	‘t’ value

Std vs Test

	Ragi vermicelli

· Standard 

· Test
	82.20(0.32

59.74(0.57
	High

Medium
	137.81**

	PULSE BASED RECIPES

Adai

· Standard 

· Test
	66.66(0.27

48.11(0.22
	Medium

Low
	200.75**

	Rava adai

· Standard 

· Test
	82.00(0.79

50.91(0.73
	High

Low
	88.87**

	Ragi adai

· Standard 

· Test
	77.01(0.52

57.84(0.75
	 High

Low
	109.76**


$ Mean of ten volunteers   (Mean   ( Standard deviation)

 ** Significant at  per cent level# 0-55 low glycemic index 56-70 medium glycemic index, >70 high glycemic index

The new glucose revolution refers the glycemic index as “the dietary  solution  for lifelong health”. The glycemic index of all the standard and the test recipes were compared statistically and the results showed that there is a significant difference in the test recipes when compared to the standard ones (p<0.01).  Recipes like wheat chapatti (52.40), mixed vegetable chppathi (52.40), wheat dosa (52.81), wheat rava dosa (46.60), kolukattai (67.68), rice vermicelli (63.70) and  ragi vermicelli (59.74) rice bran wew incorporated at 25 per cent level showed  low and  medium glycemic index compared to the standard recipes. Diets based on carbohydrate foods that are more slowly digested, absorbed and metabolized (i.e., low glycemic index diets) have been associated with a reduced risk of type II diabetes and cardiovascular disease (Pankaj Modi , 2011).

	[image: image51.emf]GLYCEMIC INDEX FOR WHEAT RAVA DOSA

0

20

40

60

80

100

120

140

160

0 30 60 90 120 150

TIME(min)

BLOOD GLUCOSE(mg/dl)

Glucose

Standard recipe

Test recipe


	[image: image52.emf]GLYCEMIC INDEX FOR CHAPPATHI

0

20

40

60

80

100

120

140

160

0 30 60 90 120 150

TIME(min)

BLOOD GLUCOSE(mg/dl)

Glucose

Standard recipe

Test recipe



	
	

	[image: image53.emf]GLYCEMIC INDEX FOR MIXED VEGETABLE CHAPPTHI

0

20

40

60

80

100

120

140

160

0 30 60 90 120 150

TIME(min)

BLOOD GLUCOSE(mg/dl)

Glucose

Standard recipe

Test recipe


	[image: image54.emf]GLYCEMIC INDEX FOR WHEAT DOSA

0

20

40

60

80

100

120

140

160

0 30 60 90 120 150

TIME(min)

BLOOD GLUCOSE(mg/dl)

Glucose

Standard

recipe

Test recipe



	
	

	[image: image55.emf]GLYCEMIC INDEX FOR RAGI VERMICILLI

0

20

40

60

80

100

120

140

160

0 30 60 90 120 150

TIME(min)

BLOOD GLUCOSE(mg/dl)

Glucose

Standard recipe

Test recipe


	[image: image56.emf]GLYCEMIC INDEX FOR RICE VERMICILLI

0

20

40

60

80

100

120

140

160

0 30 60 90 120 150

TIME(min)

BLOOD GLUCOSE(mg/dl)

Glucose

Standard recipe

Test recipe




	[image: image57.emf]GLYCEMIC INDEX FOR KOLUKATTAI

0

20

40

60

80

100

120

140

160

0 30 60 90 120 150

TIME(min)

BLOOD GLUCOSE(mg/dl)

Glucose Standard recipe Test recipe


	[image: image58.emf]GLYCEMIC INDEX FOR ADAI

0

20

40

60

80

100

120

140

160

0 30 60 90 120 150

TIME(min)

BLOOD GLUCOSE(mg/dl)

Glucose

Standard recipe

Test recipe



	
	

	[image: image59.emf]GLYCEMIC INDEX FOR  RAVA ADAI

0

20

40

60

80

100

120

140

160

0 30 60 90 120 150

TIME(min)

BLOOD GLUCOSE(mg/dl)

Glucose

Standard recipe

Test recipe


	[image: image60.emf]GLYCEMIC INDEX FOR RAGI ADAI

0

20

40

60

80

100

120

140

160

0 30 60 90 120 150

TIME(minutes)

BLOOD GLUCOSE(mg/dl)

Glucose

Standard recipe

Test recipe



	
	


Fig. 4. Glycemic Index of rice bran incorporated recipes

The results also showed the importance of maintaining all parts of the whole grain, including the bran. The low glycemic index response seen with bran incorporated test recipes.

E. 
IMPACT OF SUPPLEMENTATION OF RICE BRAN  ON TYPE II DIABETIC  AND HYPERLIPIDEMIC SUBJECTS


The impact of  rice bran  supplementation  among  the selected type II diabetic and hyperlipidemic subjects were studied in terms of biochemical, anthropometric measurements and nutrient intake. The biochemical estimation  in terms of blood glucose profile and lipid profile were analyzed. The parameters analyzed in the case of blood sugar includes fasting blood sugar, postprondial blood sugar and HbA1c. The lipid profile parameters includes serum total cholesterol, HDL cholesterol, LDL cholesterol, VLDL cholesterol and triglycerides. The anthropometric parameters included weight and BMI. The nutrient intake involves the intake of macro nutrients  like protein, fat and dietary fiber. 

1.    Blood glucose parameters


The blood glucose parameters like fasting, postprandial and HbA1c  were analyzed before and  after the supplementation study. Table  XXI  showed the impact of supplementation  on the  mean blood glucose levels  of the  diabetic subjects. Fig.3 gives the diagrammatical representation of initial and final blood glucose  levels of the control and experimental group.

a. Fasting blood glucose

The mean fasting blood glucose  values  of the subjects  in both control and the experimental groups were 167 mg/dl  and 166 mg/dl respectively. The subjects in the experimental  group who participated in the supplementation study showed  a significant decrease  in the fasting blood glucose level at the end of third month. The mean final fasting blood glucose level in the experimental group was 97 mg/dl while the value  of the control group was 157mg/dl. The findings of the  study are in line with the reports of Takaki et al.,(2005) who stated  that the supplementation of rice bran to diabetic subjects showed a significant reduction in the fasting  and postprandial  blood glucose levels. 

b. Post prandial blood glucose 

The mean initial  post prandial blood glucose values for the control group and experimental group were 234 mg/dl and  233mg/dl respectively. After 90 days of supplementation of rice bran incorporated recipes to the experimental group, the mean blood glucose values  reduced  from  233mg/dl to 139 mg/dl. There was a significant reduction at one per cent level in the postprandial blood glucose levels. But, in the control group the initial mean postprandial blood glucose  was found to be 243.5 mg/dl and the final  value was 230.20 mg/dl and this difference was not  statistically significant. 

c. Glycosylated haemoglobin (HbA1c)

Glycosylated haemoglobin (HbA1c)  levels denotes  the percentage of glucose bound to haemoglobin A.  HbA1c is the record of glucose level  over the preceding three months. The  mean HbA1c values of the control and experimental group were  9 per cent at the beginning of the supplementation. At the end of the supplementation study,  there was a significant reduction of HbA1c (7%) at one per cent level in the experimental group. The control group showed no significant reduction in their HbA1c level. Qureshi (2002) found  out that stabilized  rice bran and its fractions reduce the glycosylated haemoglobin and a slight increase in  insulin levels indicate  that consumption  of rice bran  can control  blood glucose levels in  human diabetes.

2.  Blood lipid parameters 

The lipid parameters of  the subjects  before and after the supplementation study is presented in Table 
XXII.  Fig.4 gives the diagrammatical representation of initial and final blood glucose levels of control and experimental groups.

a.  Total cholesterol

Table XXII shows that the mean total cholesterol levels before the supplementation in control  and experimental group were  238 mg/dl and 237 mg/dl respectively. After 90 days of supplementation  of rice bran containing recipes to  the subjects in  experimental group  showed  a significant reduction (p<0.01) in total cholesterol  level. This finding  is supported by  the Varady et al., (2008) who stated that rice bran  helps to reduce the plasma TC, LDL-C and TG levels. It also  decreases the platelet aggregation and antioxidant action. Long-term-effect of a dietary supplementation with rice bran is  considered as an additional weapon in the management of mild to moderate hyperlipidemia. 

b.  HDL cholesterol

Before supplementation, the mean HDL  cholesterol in the control  and in the experimental group was found to be 43.83 mg/dl and  44.84 mg/dl respectively. After the intervention, there was a minor increase in the HDL cholesterol level in the experimental group (0.16 mg/dl) which  was not statistically significant. The control group maintained the same level (43 mg/dl) of HDL cholesterol before and after the supplementation.

c. Triglycerides

The initial mean triglyceride levels in control as well as in the experimental group were 231mg/dl and 232 mg/dl whereas normal level is less than 150 mg/dl. There was a significant reduction (66.91 mg/dl) in  the triglycerides  level in the experimental group compared to the control group. According to  Qureshi (2002) serum total cholesterol, LDL-cholesterol, apolipoprotein B, and triglyceride  levels were reduced with rice bran fiber. Hence the results of the present study  supports  this finding. 

The present findings add to evidence that administration of rice bran may result in a decrease in plasma triglyceride levels and suppress accumulation of fat and body weight gain without influencing food consumption, liver function, and renal function (Tsutsumi, 2010).
 d. LDL cholesterol

The mean initial LDL cholesterol level was found to be 154 mg/dl for control group and 153 mg/dl  for experimental group. Lower glycemic index foods  can improve energy adaptation during obesity treatment, favouring weight loss and improving lipid (total cholesterol and LDL cholesterol) and glycemic (insulin and glucose) profiles (Martinez, 2008). 

Cicero and Derosa (2005) concluded that long-term-effect of a dietary supplementation of rice bran is useful to reduce plasma TC, LDL-C and TG and decrease 
platelet aggregation. There is significant reduction in the  LDL level in the  experimental group who were under the low glycemic index food supplements for a  period of 90 days (p<0.01). 

TABLE XXI

CHANGES IN  THE MEAN BLOOD GLUCOSE  LEVELS  OF THE DIABETIC  SUBJECTS 

	Blood parameters
	Control
	Experimental

	
	Initial(I)
	Final(F)
	Difference
	t value

(I)vs(F)
	Initial(I)
	Final(F)
	Difference
	t value

	Fasting blood glucose (mg/dl)
	167.70 (26.57
	157.8 (18.26
	9.90 (10.55
	0.93NS
	166.0 (27.66
	97.20 (14.41
	68.80 (7.22
	9.52**

	Post prandial blood  glucose
(mg/dl)
	234.50(36.47
	230.20(35.83
	4.30 (9.99
	0.4NS
	233.2 (37.21
	139.6 (29.85
	93.60 (7.93
	11.79**

	HbA1c(%)
	9.26 (1.78
	8.98  (1.66
	0.27 (0.21
	1.2NS
	9.17 (1.72
	7.35 (0.69
	1.82 (0.38
	4.74**


Mean ( standard deviation

NS-Not Significant      **   Significant  at 1 per cent   *    Significant at 5 per cent

TABLE XXII

CHANGES IN MEAN BLOOD LIPID PARAMETERS OF THE  HYPERLIPIDEMIC SUBJECTS BEFORE AND AFTER SUPPLEMENTATION

	Serum  parameters
	Control
	Experimental

	
	Initial (I)
	Final (F)
	Difference
	t value
(I) vs (F)
	Initial (I)
	Final (F)
	Difference
	t value
(I)vs(F)

	Total cholesterol (mg/dl)
	238.98(33.44
	236.21(34..90
	2.77(9..28
	0.29NS
	237.75  (3 7.56
	196.0(17.62
	41.74 (6.70
	6.22**

	HDL
(mg/dl)
	43.86(10.10
	43.92(10.30
	0.06(0.73
	0.08
	44.84  (9.95
	45.00( 10.26
	0.16 ( 4.21
	0.03NS

	Triglycerides (mg/dl)
	231.79(75.86
	226.83(70.02
	4.95(5.71
	0.86NS
	232.15( 15.65
	165( 17.8
	66.91 (25.59
	2.61**

	LDL
(mg/dl)
	154(30.94
	147.20(29.44
	7.31(8.30
	0.88NS
	153.20( 41.50
	120.42( 16.71
	32.78 (10.17
	3.22**

	VLDL
(mg/dl)
	47.21(7.45
	44.12(6.55
	3.09(3.788
	0.81NS
	47.49( 30.23
	35.44( 16.39
	12.05 (5.10
	2.36*


Mean ( standard deviation

NS-Not Significant      **   Significant  at 1 per cent   *    Significant at 5 per cent
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Fig. 5. Changes in Mean Blood Lipid Parameters of the Hyperlipidemic Subjects before and after supplementation
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Fig. 6. Changes in mean Blood Glucose Levels of the Diabetic Subjects

e.    VLDL cholesterol

The mean VLDL cholesterol level before the supplementation  of rice bran was 47mg/dl  for the  experimental and the control groups. After 90 days of supplementation there was five per cent  significant reduction in the VLDL cholesterol in the experimental group (p<0.05). But in the case of control group there was  no significant reduction in the VLDL cholesterol.
2.  Anthropometric  measurements

        The changes  in the anthropometric  measures namely  weight and body mass index  is showed  in the Table XXIII.  

TABLE XXIII
IMPACT OF SUPPLEMENTING RICE BRAN  ON ANTHROPOMETRIC MEASUREMENTS OF HYPERLIPIDEMIC AND DIABETIC SUBJECTS
	Parameter
	Control
	Experimental

	
	Initial
	Final
	t value
	Initial
	Final
	t value

	Diabetes Mellitus

	Weight
(Kg)
	76.58(9.3
	76.46(9.4
	0.2NS
	76.09(10.8
	66.09(10.1
	21.84**

	BMI
	30.04(3.0
	30.05(3.2
	0.08NS
	30.23(4.1
	26.10(3.6
	17.19**

	Hyperlipidemic   subjects

	Weight
(Kg)
	77.11(8.1
	76.47(8.7
	1.1NS
	76.54(11.09
	65.81(10.43
	22.12**

	BMI
	30.04(3.2
	29.81(3.5
	1.03NS
	29.49(4.30
	25.78(3.21
	5.92**


Mean ( standard deviation

NS-Not Significant      **   Significant  at 1 per cent   *    Significant at 5 per cent

The mean initial weight of  the diabetic, hyperlipidemic  and control subjects  was 76.58 kg, 76.09 kg  respectively. Over a period of  three months of  supplementation  the mean weight  of the experimental  groups  drastically  reduced  to 66.09 kg in the supplemented diabetic subjects which  was  significant at one per cent  level. However, in the case of  control group the final weight  remained  almost the same. There was no  weight changes  in the  control group. The  BMI  also  did not change for the control group. The mean BMI of  the experimental group reduced  from 30.23 to 26.10 which was significant at one per cent  level.

In hyperlipidemic subjects, the mean weight of the control  and experimental subjects were found to be 77.11 kg and 76.54 kg respectively. After supplementation of rice bran recipes the  experimental group experienced a significant weight loss from 76.54 to 65.81 kg. In the control group there was no significant weight reduction. The BMI of the experimental group reduced  from 32.43 to 25.40. The BMI did not significantly change  for the control group. According to Nadine et al.,(2008)  the low Glycemic Index diet may be preferred for body weight reduction and management of type II diabetes mellitus. The findings of the present study depicted that there was a significant reduction in the weight and BMI in the experimental group fed with low glycemic index diets for three months period.

3.   Nutrient intake of the subjects

The mean nutrient  intake pattern of the experimental and the control  diabetic and hyperlipidemic subjects were  given in Table XXIV.  

TABLE XXIV

MEAN NUTRIENT INTAKE OF THE DIABETIC SUBJECTS

	Nutrients
	Control
	Experimental

	
	Males
	Females
	Male
	Female

	
	Before
	After
	RDA
	Before
	After
	RDA
	Before
	Afetr
	RDA
	Before
	After
	RDA

	Energy(kcal)
	2575
	2570
	2425
	2674
	2656
	1875
	2575
	2395
	2425
	2674
	1756
	1875

	Protein(g)
	55.3
	55.2
	60
	55.5
	58.7
	50
	65.3
	59.2
	60
	52.5
	50.7
	50

	Fat(g)
	21.5
	22.05
	20
	22.5
	25.5
	20
	21.5
	14.5
	20
	24.5
	15.5
	20

	Fibre(g)
	7
	7.02
	25
	6.5
	6.0
	25
	7
	19.5
	25
	6.5
	20.5
	25


From the table, the data regarding the nutrient intake of the diabetic subjects compared with the RDA and showed that there was a  excess in energy,  fat and deficit in protein and dietary fibre  for  males  and females in the control group before and after supplementation. But in the case of experimental group  the excess of the energy, fat and deficit in the fibre and the protein was corrected after supplementation both in men and women. The excess  energy  and fat content was reduced the protein intake was adequate. Dietary fiber intake increases from 7 g to 19.5g. for males and 6.5 g to 20.5 g for females in the experimental group.  

TABLE  XXV

MEAN NUTRIENT INTAKE OF THE HYPERLIPIDEMIC SUBJECTS

	Nutrients
	Control
	Experimental

	
	Male
	Female
	Male
	Female

	
	Before
	After
	RDA
	Before
	After
	RDA
	before
	After
	RDA
	Before
	After
	RDA

	Energy(kcal)
	3030
	2960
	2425
	2875
	2856
	1875
	2930
	2355
	2425
	2675
	1850
	1875

	Protein(g)
	67.5
	68.2
	60
	62.00
	61.7
	50
	61.5
	58.7
	60
	57.00
	48.5
	50

	Fat(g)
	36.5
	35.25
	20
	37.5
	35.5
	20
	36.5
	20.05
	20
	27.5
	17.5
	20

	Fiber(g)
	4.5
	5.02
	25
	6.5
	5.7
	25
	4.4
	19.02
	25
	6.7
	20.5
	25


The mean nutrient intake of the hyperlipidmic subjects compared with RDA  showed that there was an excess in energy, fat and protein, deficit in dietary fiber  for  males and females in the control group was observed before and after supplementation. But in the case of experimental group the excess of the energy, fat, protein and deficit in the fiber was corrected after supplementation both in males and in females. The excess energy  and fat content was reduced and the protein intake was adequate. The dietary fiber intake increased from 4.4. g to 19.02g  for  males, 6.7g to 20.5 for females.

 From the forgoing discussions,  it could be concluded  that the stabilized parboiled rice bran could be an excellent by-product in lowering  blood  glucose and lipid parameters in type II diabetic and hyperlipidemic subjects.

V.  SUMMERY AND CONCLUSTION

Through centuries, food has been  recognized as important  for human beings. Great advances  have been made during  the past 50 years in the lifestyle of the population and this leads to the occurrences of chronic metabolic disorders like diabetes mellitus, cardiovascular diseases and  cancer.  To meet the needs of the rapidly developing chronic diseases, functional ingredients need to create a dynamic vision for the future that will enhance the quality of life.  This includes finding new and novel ways to utilize the waste material such as rice bran.

As the first step,  rice bran from parboiled  and  raw rice  were  subjected to  stabilization. The three types of stabilization methods like microwave stabilization, auto clave stabilization, alcohol stabilization were used for stabilization of raw and parboiled rice bran. The raw,  parboiled and stabilized rice bran  were analyzed for nutrient content. Free fatty acid content after an interval of  15 days, was found out that microwave stabilized parboiled rice bran had the highest stability. Hence, this was chosen for product development and supplementation.

Ten commonly prepared break fast/dinner recipes were selected for the acceptability trials. Rice bran was incorporated at 25, 30, 35  per cent levels in each recipes individually by substituting the cereals.  They were put forth  for the acceptability trials using nine  point hedonic scale. The recipes  at the most  acceptable level of incorporation (25%) were  selected for evaluation of glycemic index. The nutrient content of different types of rice bran and rice bran incorporated ready mixes were analyzed using the standard procedures. The glycemic index was also identified for all the  ten recipes containing  25 per cent of rice bran. Six recipes showed low glycemic index. These six  recipes were used for supplementation study.

For the supplementation study which was carried our in the Coimbatore District, initial background survey was carried out in 200 diabetic and  hyperlipidemic subjects. Twenty most co-operative type II diabetic subjects who met the inclusion criteria were chosen and divided into two groups of ten each. One served as experimental  and other one served as control group. Twenty hyperlipidemic subjects were chosen and divided into two groups of ten each. One served as  experimental  and other one served as control group. Six different food  supplements containing 25 per cent of rice bran was asked to consume twice a day for the period of  ninety days. Blood  glucose parameters, the lipid parameters, anthropometric and mean nutrient intake before and after supplementation  were also identified. 

The present investigation  was  on the ‘Impact of adding rice bran to food supplements on type II diabetic and  hyperlipidemic subjects” carries the following findings:

Nutrient content of the stabilization  rice bran

The moisture content of rice bran samples varied from 3.93 to  6.15 g/100g. Raw rice bran had maximum moisture content compared to parboiled and stabilized rice bran samples. Microwave stabilization was found to be effective in reducing  the moisture content. 

· The carbohydrate content of rice bran, was maximum in parboiled microware stabilized rice bran (45.55g/100g).

· The fat content was the  lowest in the parboiled microware stabilized rice bran (10.31g/100g) compared to all the other  samples. 

· The protein content of the raw and parboiled rice bran were 11.07g and  12.85g /100g respectively. The protein content of the stabilized rice bran varied from 12 to13g per cent, the highest amount being  present in raw microwave stabilized rice bran (13.16g/100g). 

· Total dietary fiber, a healthful component obtained from the bran ranged from 19 to 21 g/100g. The raw rice bran had higher amount of fiber (21.44g/100g).

· The free fatty acid content varied from 2.8 to 3.3. Microwave stabilized parboiled rice bran exhibit the lowest free fatty acid content (2.8) comparing to all the stabilized rice bran.

Incorporation of rice bran into the recipes and its nutrient content

· The acceptability studies showed that the cereal based recipes namely chappathi, mixed vegetable chapppathi, wheat dosa, wheat rava dosa, rice vermicelli and ragi vermicelli scored the higher mean acceptability scores at 25 per cent incorporation compared to 30 and 35 per cent levels of  incorporation.  The  35 per cent levels of incorporation scored  least in all the cereal based  recipes. 

· The pulse based  recipes like adai, ragi adai, rava adai the rice bran was incorporated at 25, 30 35 per cent level. All the test recipes were compared with the standards and the 25 per shows no significant difference than the  30 and 35 per cent level incorporation.

· The mean scores of cereal based recepies namely chappathi (8.05), mixed vegetable chappathi (8.10), wheat dosa (8.05), wheat rave dosa (8.45), rice vermicelli (8.4), ragi vermicelli (8.2) and kolukattai (8.4) at 25 per cent incorporation.  The mean scores of all the pluse based recipes at 25 per cent incorporation were  adai (8.00),  ragi adai  (8.20)  rava adai (8.20).

Nutrient content of the ready mixes 

· Carbohydrate content of cereal based ready mixes  was found to be highest in chapatti (70.77g/100g).  Among the pulse based ready  mixes, adai (61.26 g/100g) scored highest amount of carbohydrate.

· Protein content  of the cereal based ready mixes  with rice bran  varied from 
8 to 11. 56 g/100g. The highest amount  was found in pulse based ready mixes like rava adai (15.34 g/ 100g).  In the case of  cereal based ready mixes, wheat dosa (11.56g/100g) scored high followed by wheat rava dosa (10.89 g/100g), rice vermicilli (10.78) and  ragi vermicelli (10.67).

· Fat content of the  rice bran added ready mixes ranged from 1.08 - 3.04g/100g. In the case of cereal based ready mixes ragi vermicelli (2.04 g/100g), rice vermicelli (2.62 g/100g) and kolukattai (2.67 g/100g) scored high. Regarding the pulse  based ready mixes adai, ragi adai, rava, adai score 2.21g/100g, 3.04 g/100g, 2.43 g/100g, respectively.

· The moisture content of the ready mixes varied from 8.97 to 7.14 per cent. Among the cereal based ready mixes ragi vermicilli (8.65%) recorded higher moisture content followed by vegetable chapatti (8.26%). In the case of  pulse based ready mixes  adai (8.97%) contains highest amount of  moisture .

· The ash content varied from 1.56 g/100g to 3.89 g/100g. The highest amount was recorded for ragi adai (3.89 g/100g). The lowest amount is recorded in chappthai (1.56 g/100g)

· Dietary fiber  which is the main component of the  ready mixes  varies from 
8.72 g/100g to 5.50g/100 g. The fibre content of wheat dosa (8.61 g/100g) was the highest among the cereal based ready mixes. Adai (8.72g/100g)  had  highest fibre content among the pulse  based ready mixes . 

Glycemic index of the recipes 

· Glycemic index values for the cereal based recipes, like wheat chapatti (52.40), mixed vegetable chppathi (52.40), wheat dosa (52.81), wheat rava dosa (46.60), kolukattai (67.68), rice vermicelli (63.70) and  ragi vermicelli (59.74)  showed low and medium  glycemic index compared to the  standard recipes. 

· The pluse based recipes like adai (48.11), ragi adai (57.84), rava adai (50.91) scored low and medium glycemix index values against the standard recipes.

· The six low glycemic index recipes like two pulse based preparations  namely adai (48.11), rava adai (50.91) and four cereal based preparations like chapatti (52.40), mixed vegetable chapatthi (52.40), wheat dosa (52.81), wheat rava dosa (46.60) were chosen for the supplementation study.

Conducting supplementation study
The initial survey was carried out among 200 type II diabetic and hyperlipidemic subjects in Thudiyalur Panchayath and the findings are given below.

Background details of the subjects


Among the 200 subjects eighty nine per cent of the subjects were in the age group of 40-60 years. Sixty six per cent of subjects belonged to joint families. Regarding the area of residence highest percentage of the population were residing in the semi urban area (85.5%). Majority of the type II diabetic and hyperlipidemic subjects were educated and recruited in various government and private jobs.

Dietary pattern 

· Among the  type II diabetic and hyperlipidemic subjects, 95.5 per cent  were non vegetarians. Regarding the number of meals consumed 84 per cent of the type II diabetic and hyperlipidemic subjects had three meals a day. 

· Majority of the type II diabetic and hyperlipidemic subjects consumed   gingelly oil (100% ) followed by  sunflower oil (73 %).

· The foods like cereals, pluses, milk and milk products, vegetables  and roots and  tubers were consumed by the subjects on daily or weekly basis.  The meat and poultry were consumed either weekly once or fortnightly. Sweeteners  were consumed only occasionally by  type II diabetic and hyperlipidmic subjects. Refined food items like biscuits were taken on a daily basis. Bread was taken fortnightly or monthly basis. Preserved items like pickles, jam and jelly were consumed occasionally.

· The findings from the food intake concluded that there is a excess intake of cereals, pulses, milk and milk products, oils and fleshy foods and  deficient intake of fruits and vegetables and green leafy vegetables in the diabetic and the hyperlipidemic subjects.

Life style pattern

· More than half of the subjects practiced waking as their regular exercise pattern followed by yoga, cycling and gardening.

· Highest number of subjects were involved in sedentary activities the stress pattern concluded that highest number of  subjects faced stress in their family and work  place.

· Forty two per cent of the subjects were having the habit of smoking  cigarettes  followed by thirty one per cent of the subjects to chewing pan masala.

History of the diseases

· Over all 91.5 per cent of diabetes mellitus  subjects  34.5 per cent  of the subjects having the history of 6-10 years of diabetes mellitus. 

· With regard to hypertension one of the complications of  diabetes mellitus reported in  93 per cent of the  subjects and 36.5 percent of the subjects recorded 6-10 years of the  hypertension history.

· Hyperlipidemia  was  reported by  76 per cent of the subjects and a  majority of them (36%) recorded 1-5 years history of hyperlipidemia. 
· Regarding the family history higher 82.5 per cent of the subjects were having the history of diabetes.

Anthropometric assessment

Highest per cent of the subjects (48.5%) were over weight  followed by obese (31.0%) category. Highest per cent of the female  subjects (80%) than males (41.6%) had greater waist circumferences. Similarly the females (59.6%) exhibited greater waist–hip ratio than males (27.4%).

Clinical symptoms

 
The diabetic subjects  experienced polyuria (89 %) followed by poly phagia (76%) and hyper glycemia (65%). Constipation was observed in  54 per cent of the subjects. Shivering as a consequence of hypoglycemia is experienced by 15 per cent of the population. Infection and poor wound healing was observed in 12 and  32 percent of the population.

Impact of supplementation study

The impact of supplementation study in terms of blood glucose, lipid and anthropometric parameters  were discussed below

Blood glucose parameters
· Supplementation of rice bran  for a period of 90 days brought  about the significant reduction in fasting  and post prandial blood glucose and Hba1c in type II diabetes mellitus subjects 

· The mean fasting blood glucose  values  of the subjects  in both control and the experimental groups were 167 mg/dl  and 166 mg/dl respectively. The mean final fasting blood glucose level in the experimental group was 97 mg/dl while the value  of the control group was 157mg/dl.  

· The mean initial  postprandial blood glucose values for the control group and experimental group were 234 mg/dl and 233mg/dl respectively. Supplementation of rice bran incorporated recipes to the experimental group reduced the mean blood glucose values  from  233mg/dl to 139 mg/dl. But in the control group, there is no significant difference observed in postprandial blood glucose.
· The  mean HbA1c values of the control and experimental group were  9 per cent at the beginning of the supplementation. At the end of the supplementation study there was a significant reduction of HbA1c (7%) at one per cent level was recorded in the experimental group. The control group showed no significant reduction in their HbA1c level. 

Blood lipid parameters 

· The impact of rice bran containing recipes to the subjects in experimental group showed a significant reduction in total cholesterol, triglycerides, LDL cholesterol and VLDL cholesterol levels.   

· After the intervention,  there was a minor increase in the HDL cholesterol level in the experimental group (0.16 mg/dl) which  was not statistically significant. The control group maintained the same level (43 mg/dl) of HDL cholesterol before and after the supplementation.

· The initial mean triglyceride levels in control as well as in the experimental group were 231mg/dl and 232 mg/dl respectively. There was a significant reduction (66.91 mg/dl) at one per cent level in  the triglycerides  in the experimental group compared to the control group.

· The mean  initial LDL cholesterol level was found to be 154 mg/dl for control group and 153mg/dl  for experimental group . There is significant reduction in the  LDL level in the  experimental group  for a  period of 90 days.(p<0.01) 

· The mean VLDL cholesterol level before the supplementation  of rice bran was 47mg/dl  for the  experimental and the control groups. After 90 days of supplementation there was five per cent  significant reduction in the VLDL cholesterol in the experimental group (p<0.05) was observed.

Anthropometric measurement

· The effect of supplementation of rice bran incorporated recipes in diabetic subjects  showed significant weight loss in the experimental group than the control group. The mean BMI of  the experimental group reduced  from 30.23 to 26.10 which was significant at one percent  level. There was no change in the weight and BMI  in the control group.

· After supplementation of rice bran recipes, the experimental group experienced a significant weight loss from 76.54 to 65.81 kg. In the control group there was no significant weight reduction. The BMI of the experimental group reduced  from 32.43 to 25.40. The BMI did not significantly change  for the control group. 

Nutrient intake 

· Intake of nutrients by  the diabetic subjects were excess in energy, fat and deficit in protein and dietary fiber  for  males  and females in the control group before and after supplementation. But in the case of experimental group  the excess of the energy, fat  and deficit in the fiber and the protein was corrected after supplementation both in men and women. Dietary fiber intake was  increases from 7 g to 19.5g. for males and 6.5 g to 20.5 g for females in the experimental group. 

· The mean nutrient intake of the hyperlipidmic  subjects revealed that in  the experimental group,  the excess of the energy, fat, protein and deficit in fiber was corrected after supplementation both in males and in females. The dietary fiber intake was increases from 4.4 g to 19.02g  for  males, 6.7g to 20.5 for females. 

The  findings of the study prove the efficacy of the  low glycemic rice bran food supplements  in improving the lipid  profile status and the blood sugar level in hyperlipidemic and type II diabetes mellitus subjects. The possible mechanism is driven by the fiber present in the food supplements. Thus the novel ways to utilize waste material such as rice bran in  the daily diet is not only  beneficial in reducing the blood lipid and sugar levels but also helpful in weight management.

The recommendations  that emerge from  this study

    
More efforts  need to be undertaken  to formulate  fiber rich  bran incorporated  recipes. Efforts are taken to educate the people  regarding consumption of  bran incorporated recipes.

· Inclusion of bran  of other cereals  such as  wheat and oat to the  snacks, ready to eat  foods and baked items.

· Bran incorporated recipes should be carried out  to house wives, dietitians  and food  industries.

· Possibilities  of  developing bran incorporated extruded foods 
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APPENDIX –A

AVINASHILINGAM UNIVERSITY  FOR  WOMEN

Coimbatore  - 641034

Questionnaire   to   elicit the background   information  of the  diabetic   as well as Hypercholesterolemic   Subjects.

Date:---------------------

	GENERAL INFORMATION


1)-Name :-........................................................................................

2) Age    ;-------------------

3) Educational  Qualification

    a)Education of the subject

        (  Literate         (  Illitrate 

     b)Level of education

·     Primary     
·     High School         

·     Higher secondary School

·     Graduate School

4) Sex (Circle):                               

                              *     Female                            *      Male

5) Area of residence 

                            􀂉 Urban      􀂉 Semi Urban     􀂉 Rural

6) Occupation/Profession

(House Wife  ( Private Service  ( Government Service   (Business  (Laborer

7)Monthly Income---------------------------

8)Type  Of The Family

     (Joint   Family                   (  Nuclear Family

	S.No
	Name
	Relation
	Age
	Sex
	Occupation
	Education
	Income

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


9)Composition Of The Family

	DIATERY  PATTERN


10)Are You  A 

· Vegetarian                       

· Non Vegetarian

· Eggitarians

11) How Many Meals Do You Consume Per Day

             (   Below  Three  (   Three   (   Above Three

12)  Food  Frequency

	Name Of The Food
	Frequency         Of         Consumption

	
	Never
	Daily
	Twice Weekly
	Weekly Once
	Foritnightly
	Monthly
	Occasionally

	Cereals And Millets

	Rice
	
	
	
	
	
	
	

	Wheat
	
	
	
	
	
	
	

	Ragi
	
	
	
	
	
	
	

	Pulses ,Legumes

	Whole pulse
	
	
	
	
	
	
	

	Split pulse
	
	
	
	
	
	
	

	Sprouted legumes
	
	
	
	
	
	
	

	Vegetables   and fruits

	Leafy   Vegetables
	
	
	
	
	
	
	

	Roots And Tubers
	
	
	
	
	
	
	

	Other Vegetables
	
	
	
	
	
	
	

	Citrus   Fruits
	
	
	
	
	
	
	

	Other Fruits
	
	
	
	
	
	
	

	Milk And Milk Products And (Including Milk  With Different  Amounts Of Fat ,Cheese,Etc)

	Milk
	
	
	
	
	
	
	
	

	Ghee
	
	
	
	
	
	
	
	

	Butter
	
	
	
	
	
	
	
	

	Butter Milk
	
	
	
	
	
	
	

	Non Vegetarian Foods

	Fish
	
	
	
	
	
	
	

	Egg
	
	
	
	
	
	
	

	Meat
	
	
	
	
	
	
	

	Poultry
	
	
	
	
	
	
	
	

	Beef
	
	
	
	
	
	
	

	Fats And Oils And  Sugar

	Oils
	
	
	
	
	
	
	

	Sugars
	
	
	
	
	
	
	

	Artificial sweetens
	
	
	
	
	
	
	

	Refined Foods

	Bread
	
	
	
	
	
	
	

	Biscuit
	
	
	
	
	
	
	

	Preserved Foods
	
	
	
	
	
	
	

	Savoury
	
	
	
	
	
	
	

	Fast  Foods
	
	
	
	
	
	
	

	Fried Foods
	
	
	
	
	
	
	

	Confectionary
	
	
	
	
	
	
	


13) 24    hour dietary recall    

	Timing
	Early Morning
	Morning
	Mid Morning
	Lunch
	Mid Afternoon
	Dinner
	Night

	Food Intaken  AND  its quantitity


	
	
	
	
	
	
	


14.Please  mark  type  of oil used   in your cooking

	S.No
	Types Of Fats And  Oils
	Mark  Type Of Fats  And Oils
	Quantity(Lit)Consumed

Per Month

	1

2

3

4

5

6

7

8

9

10

11

12

13
	Butter

Ghee

Gingelly Oil

Hydrogenated Oil

Groundnut Oil

Pamolein Oil

Sunflower Oil

Rice Bran Oil

Red Palm Oil

Vegetable Oil

Oilve Oil

Soyabean Oil

coconut oil
	
	


15) Do You any of the following  

If , yes  Circle  The Following

1. Nibbing  Beween The Meals

2. External Cues

3. Do Not  Want  Left Over  Foods  To Be  Thrown Out

4. Due To Stress Related Anxiety, Depression, Happy

	PHYSICAL ACTIVITIES


16), How Much Total Time Did  You Spend On Each Of The Following? 
	
	None
	Less Than 30 Min / Week
	30min Per Day
	More Than 30 Min Per Day
	1 hour

Per Day
	More Than

1 Hour Per Day

	Stretching Or Strengthening Exercises

(Range Of Motion, Using Weights, Etc.) 
	
	
	
	
	
	

	Walk For Exercise
	
	
	
	
	
	

	House Work
	
	
	
	
	
	

	Swimming Or Aquatic Exercise
	
	
	
	
	
	

	Gardening
	
	
	
	
	
	

	Other Aerobic Exercise Equipment

(Stairmaster, Rowing, Skiing Machine, Etc
	
	
	
	
	
	

	Jogging
	
	
	
	
	
	

	Cycling
	
	
	
	
	
	

	Yoga
	
	
	
	
	
	

	LIFE STYLE PATTERN


17) Are You A   

(    Sedentary       ( Morderate        ( Heavy Worker

18)Nature   Of The Subject

( Carefree    (   Cautious    ( Very Catious    ( Short Tempered    ( Quite And Brooding  

(Volatile  And Brooding 

19)   Stress Faced  By  Them

( Stress  In Family    ( Stress  In  Work    (Stress    In The Environment  (Spiritual  Incidence 

21)Do You  Have The Habit Of                   

                                                                  Smoking/ Chewing/ Alcohol

If Yes  Fill The Table

	Smoking
	Chewing
	Alcohol

	Cigarette
	Beedi
	Tobacco
	Panmasala
	Betel Leaves
	

	Fre-quency
	Number
	Fre-quency
	Number
	Fre-quency
	Number
	Fre-quency
	Number
	Fre-quency
	Number
	Fre-quency
	Number

	
	
	
	
	
	
	
	
	
	
	
	

	HISTORY OF DISEASE


22) Please Indicate Below Which Chronic Condition(S) You Have:

                   􀂉 Diabetes    􀂉Hypercholestremia   􀂉Hypertention 

23) How Long Have You Been Suffering

1. Diabetes                  -----------------------

2 .Hypercholestremia      -------------------

3.  Hypertention              ---------------------

24) Do You have Family History Of Diabetes And   Hypercholestremia ?

A)  Yes   B) No

If Yes

A) First Degree Relatives    B) Second Degree Relatives  C) Third Degree Relatives  

  Mother                               Paternal Grandparents                Paternal Uncle/Aunt

  Father                                 Meternal Grandparents               Meternal  Uncle/Aunt

	                                                   CLINICAL SYMPTOMS


	Symptoms
	INITIAL
	FINAL

	Polyuria
	
	

	Polyphagia
	
	

	Polydypsia
	
	

	Weight Loss
	
	

	Hyperglycemia
	
	

	Poor Wound Healing
	
	

	Fatigue
	
	

	Constipation
	
	

	Shivering
	
	

	Visual Disturbance
	
	

	Insomina
	
	

	Infection
	
	

	Ketoacidosis
	
	


	ANTHROPOMETRIC MEASUREMENTS


	Anthropometric Measurements
	Initial
	Final

	Height(In Cm)
	
	

	Weight(In Kg)
	
	

	Body Mass Index
	
	

	Waist Circumferences
(In Cms)
	
	

	Hip Circumference(In Cms)
	
	

	Waist  Hip Ratio
	
	


	BIOCHEMICAL  MEASUREMENTS


	
	Initial
	Final

	Blood Glucose Level(Mg/Dl)

1. Fasting

2. Post Prandial

3. Hba1c
	
	

	Blood Lipid Profile (mg/dl)

Total Cholesterol

Triglycerides

HDL  Cholesterol

LDL  Cholesterol

VLDL Cholesterol
	
	


Selection of recipes








Selection of recipes








Cereal based preparations





Pulse based preparations





Adai


Rava adai


Ragi adai








Chappathi


Mixed vegetable chappthi


Wheat dosa


Wheat rave dosa


Kolukattai


Ragi vermicilli


rice vermicilli














Variation II


(70% Cereal/pulse & 30%  bran)








Variation III


(65% Cereal/pulse & 35%  bran)








Variation I


(75% Cereal/pulse & 25%  bran)





Standard





Sensory evaluation























�


�



��
�
COLLECTION OF BLOOD SAMPLES�
SUBJECT CONSUMING FOOD SAMPLE�
�
�
�
�
��
��
�
ANALYSIS OF BLOOD GLUCOSE USING GLUCOMETER�
�
�
�
PLATE - DETERMINATION  OF GLYCEMIC INDEX OF THE RECIPE.�
�
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Selection of area and subjects (Coimbatore district, Thudiyalur panchayath)





Screening  for hyperlipidemia








Screening  for  diabetes mellitus





Selection of area and subjects (Coimbatore district, Thudiyalur Panchayath)








Inclusion criteria


Age group 20-60 years


Total cholesterol > 230 mg/dl


LDL >  130 mg/dl, VLDL > 40 mg/dl 


Triglyceride level > 150 mg/dl





Inclusion criteria


Age group 20-60 years


FBG > 90-130mg/dl


PPG > 180 mg/dl


HbA1c >7%











Screening for type 2 diabetes mellitus





Selection of 20 type 2 diabetes mellitus subjects








Selection of 20 hyperlipidemic subjects





Experimental


N=10





Control


N=10








Experimental


N=10





Control


N=10





Conduct of supplementation study� Distribution of 100 g of rice bran incorporated ready mixes to the diabetic and hyperlipidemic subjects for 90 days.











Criteria for evaluation


Biochemical assessments


Anthropometric assessments
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���
���
�
MEASUREMENT OF WEIGHT�
MEASUREMENT OF HEIGHT�
�
��
��
�
MEASUREMENT OF HIP CIRCUMFERENCE�
MEASUREMENT OF WAIST CIRCUMFERENCE�
�
�
�
�


�
�
PLATE -IV ANTHROPOMETRIC AND BIOCHEMICAL ASSESSMENT�
�
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