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I. INT&DUCTION 

TMA good diet is a perfect way to healthy lifeM. 

Diet plays an important role in all disease COndjtjo5 A 
well balanced diet should be modified according to  the  
disease condition. Modification may be high or 1cM protej 
carbohydrate,fat, minerals and vitamins, 

Among the various disease Conditions which well 

respond to dietary modification diabetes is one in which 

diet hs a major role to play. Diabetes mellitus is a chronic 
inborn error of ntabo1ism occuring due to an absolute or 

relative insufficiency of insulin or due to 1neffecjno33 

of peripheral action of insulin. 

Diabetes mellitus, a disorder of carbohydrate 

utilization secondary to a relative or absolute deficiency 

of insulin, is the seventh leading underlying cause of 

death in the U.S. (NRC, 1989).. Sharma (1987) pointz out 
that diabetes mellitus is the third conEnonest diease in the 

world next to the cardic 5cu1ar and oncological disorder, 

and every fifth person today in the world is sufferizg 

directly or indirectly from this disease. 

The prevalence of diabetes mellitus has increasd 

to 1 .% in rural population, greater than 3% in large urban 
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centres, 8% - 22% in immigrant Indians due to altered 

life style of present society (Raheja,1988). There are 

abc*it 30 million people in the wid affected by this 

dieease (Raghuram, 1988). 

Diabetes mellitus is broadly classified 

as insulin dependent diabetes mellitus, non insulin 

dependent diabetes mellitus and malnutrition related 

diabetes mellitus. Insulin dependent diabetes mellitus 

is most frequently seen in individuals less than 30 

years of age and non insulin dependent diabetes mellitus 

Occurs mainly in the middle aged and elderly. 

Diet remains the cornerstone for diabetic 

patients especially non insulin dependent diabetics. The 

diet which are rich in fiber conLent seems to be very 

effective in reducing the blood sugar level. 

Current evidence suggests that high fiber 

diets, especially of the soluble variety, and soluble 

fiber supplement may of fe r some 1,ufrov3rn€1t in carbohydrate 

metabolism. 

Trowell (1972) first defined dietary 

fibre as components of the plant cell wall that resist 

digestion by secretion of the human alimentary tract. 



Life Sciences Research Office (1987) 

defined dietary fiber as 'the endogenous components of 

plant materials in the diet which aLe iesistant to 

digestion by enzymes productd by humdns' 

Cereal products represent an important 

source of dietary fiber and supply about 40% of the 

entire volume of dietary fiber. Cereal products and 

baked goods add approximately 9.5 g to the total daily 

intak of uletary fibre (Bec]c.ex. at 1986). 

In patients with non-insulin dependent 

diabetes a modest increase in dietary fiber from wholenal 

bread and apple resulteu in a lower postprandjal glucose 

respose compareu with corresponding lcw fiber diet 

(Hagander, 1987). 

Breau3 contAlninQ A hijh pLoOrtion of wh1e 

cereal grains may be useful in reducing tne postprandjal 

blood glucose profile in diabetics because they are more 

sicly digested (Jenkins et aL, 1988). 

Bread is a food product which is readyasde 

and does not need much cooking, and is easily available. 

The consumption of bread and other whole grain cereal 
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products is increasing day by day throughout the world. 

In brown bLead whole wheat flour is USU and the amount 

of sugdr added is minimum. Salt is also avoided in 

brown bread. Thorburn (1986) says that when salt is 

added to bread, the peak glucose concentration was signi- 

ficantly higher than that of unsalted bread. A few 

bakeries in Coimbatore city specially prepared whole wheat 

brown bread and sold it for diabetic subjects. Hence 

the investigator planned to evaluate this bread for its 

effectiveness in lowering the blood glucose levels. 

The effect of whole wheat brown bread on glycemic response 

in diabetics is new and inteiesting. If the effects 

are scientifically pLovd that may grecitly benefit the 

non insulin dependent diabetics. In the preent study 

the two varieties of bread namly the whole wheat brown 

bread and white bread have been selected for testing their 

glycemic response in the diabetics • The comparative effecncy 

if the two bread varieties in controlling blood glucose 

levels was scudlea. 

The following were the specific objec.ives 

of the present study: 

A.. Elicit the soclo economic and dietary 

pattern of selecttd 100 non insulin 

dependent diabetics. 



Select a sub sample of 12 diabetics and 

find out the nan daily food au nutrient 

intake of the sub sample. 

Conduct a feeding trial with whole wheat brown 

bread and white bread on the sub sample. 

D.. Evaluate the effect ot whole wheat brown 

bread and white bread on glycemic response 

of a sub sample. 

E. Csnpate the effect of the two vaileties 

of bread on blood glucose level. 

) 
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II.. RVIi1 OF LITERATURE 

The literature pertaining to the study on 

comparison of the glyceric response of whole wheat brown 

and white bread in non insulin dependent diabetics are 

discuased under the following headingsz 

Diabetes mellitus - chronic life long 

disease. 

Pre disposing factors of diabetes 

Role of nutritional tactors in etlo-

pathogenesis of diabetes. 

GIircemjc response of different 

foods. 

A. Diabetes Mellitus - ChroRic ljfe long di2ep8e 

According to Khan (198). diabetes tnellitus 

is one of the oldest diseases known to man which was 

recognis..d by ancient civilization of India, Egypt, China 

and Greece. It is undoubtedly of ancient origin Aretaus 

of Cappadocia de,cribed it first, probab n the first 

century A.D. The first name diabetes is derived from 

greek word meaning 'Flow through and mel $ means honey. 



Diabetes mellitus is a chronic metabolic disorder with 

a strong hereditary basis. 

Diabes mellitus has been rightly defined 

as a chronic Inborn error of carbohydrate metabolism 
occuring often due to an absolute or relative insufficiency 

of insulin or due to Ineffectiveness of peripheral action 

of insulin and also resulting in specific micro and macro 

vascular diseases (Arulraj, 1988 and Moses, 1988). 

tesly (1987) defines diabetes mellitus as 

an ag old disoi.der from the medical and sociological 

point of view. In addition to the genetic inheritance, 

diseases of the Internal glands such as pancreas, pituitary 

anu administration of certain drugs may also preceipitate 

diabetes mellitus. 

According to Flack (1988) diabetes mellitus 

is a chronic disorder caused by insufficient availakà 

insulin or Inadequate insulin action. 14,  is Characterised 

by disorders in carbohydrate, fat cind protein metabolism 

associated with metabolic changes at the cellular levels 

and vascular defects. 

Mekinder (1987) states that non-insulin 

dependent diabetes mellitus (NIDCiI) 81gn1f1e8 a condItjn 



including both fasting and post prandial hyperglycemia, 

this probably depends on a gradual impairment of the 

beta cell capacity to secrete insulin at an appropriate 

rate and insufficient amounts. 

Diabetes is a heterogenous disorder in 

which environmental factors interact with genetic to 

precipitate the disease with altered life 8ty1e of the 

present day society, its prevalence amongst Indians has 

increased sharply - 1.5% in rural population, 3.0% in 

large urban centres, rising alarmingly between 8.0 - 

22% in immigrant Indians (Raheja,1988). 

Diabetes recognises no boundries. World 

wide more than two hundred million people suffer from it 

and their number increases everyday (Kandar, 1988). 

The problem of diabetes India assumes 

great significancebecause of vast population of around 

800 million. ThIQ4R conck1_ted a multicentre study is 

1975 which showed that the prevalence of diabetes in 

India was 2.1% among the urban population while it was 

1.5% in the rural areas. There would thus be more than 

14 million people with diabetes in India. We knuw that 

for every known diabetic there could be at least one more 



individual with undiagnosed diabetes. This implies that 

in India there are about 28 million diabetic persons, 

which is greater than the population of Australia or 

Yug•slavia (Viawanathan et a].. 193). 

According to Giri et a]. (1987) diabetes is very 

common in India with an overall prevalence rate of 1.&. 

amounting to less than 12 million diabetics in the country. 

It is of interest that e prevalence of 

diabetes is very high among migrant Indians in South Africa, 

Fiji, singapore, )tauritius, Taflzflia and U.K. (Tanhanand 

and Vannasarng, 1988). 

& study conducted in Saudi Arabia include both 

sexes in the westein region which sh'ied an overall 

prevaince with increase in age and higher income groups. 

The overall prevalence in woun was twice that for man. 

Obesity occured in 41.20A of the diabetic and 29.3 of the  

non diabetic subjects, states Fatani (1987), 

ccording to &huja (1979) the prevalence of 

diabetes in South India is significantly higher in subjects 

whose income is above the neafl and prevalence is high 

among urban Indians. 

Diabetes afflicts nearly 3.5 per cent of the 
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Indian population. Almost 99 per cent of these cases are 

non-insulin dependents and about halt of them could hope 

to keep their diabetes under control (ttanya Gopinath, 

1990). 

?cord.tng to Shukia (1987),, there is a 

preponderance of male over female diabetes in India, while 

it is the other way, in the west. There are more than iS 

million persons with diabetics in the country. Nine million 

of these case of diabetes are obesity induced, epin.. 

Davis (1983). 

In our country males are more prone to diabetis 

than faiales. The incidence was found to be 86.87 per cent 

in males while 13.33 per cent in females (Singh, 1982). 

The incidence of diabetes varies from country 

to country1  depending on its civilization, educational level 

and econcmic level. Apnongst, Indians in India there is  an 

average 2-'0% diabetes, but these very people migrate to 

other countries such as South iisia or Africa, the incidence 

of diabetes rapidly rise upto 7.0%• There are localised 

groups like the population in Malta who have the incidence 

of diabetes upto 20%, while in tue macronasian population 

in Naura in the Pacific, the incidence of diabetes is 

34% (Zimet, 1989). 
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In 1981 the estimated number of deaths 

frc*T diabetes was 34,750. This corresponds to a mortality 

rate of 15.2/1,00,000 population and results in its being 

ranked 7th among the leading causes of death in the 

U.S. Although mortality from diabetes occounts for 

only 1.7% of all deaths in the US, it is implicated as 

a substantial proportion of deaths from other diseases, 

particularly those of the cardiovascular renal system  

and is especially associated with death in the elderly 

poulation (Mann and Simpson, 1980), 

According to WHO 1980 the diabetics are 

classified into the followingss 

l Insulin dependent diabetes melUtu 

(IDDM). 

Non insulin dependent diabetes me1  ns 

(NIDt) a) Non-obese b) obese 

Malnutrition related diabetes melljtu 

(Mnr*1) 

Cestational diabetes mellitus (GDM) 

Impaired glucose tolerence (ICT) 

a) Non-obese b) Obese 

c) Associated with certain conditions 

and syndr •TS. 



other classification by WI-IC) 1985 is as fO1lw5 

1. Clinical classes 

a. Insulin dependent type (Ita.i) 

b NOfl.'jnsujjrj dependent type 
j• Non-obese ii) obese 

Other types 

Pancreatic 

Hormonal 

iiie tug-induced 

Insulin/receptor abnormalities 

Gjanetic 5yndrczne 

vi. Other associations. 

Gestational. diabete3 (Qoti) 

Impair& glucose tolerence (loT) 

NOfl-.obese 

Obese. 

2. Statistical risk classes. 

Previous abnormality of glucose tolerence 

Potential abnormality of glucose tolerence. 

FA 
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B. Pre-Disposing Factors of Diates 

i. 

Diabetes is most likely to be found ønong those 

who are over 35 years of age, overweight and blood relations 

of diabetics (Davis, 1983). 

Greatest prevalence of non insulin dependent 

d.tabetes patients are above the age ot 30 in both the sexes 

(Viswanathafl et al, 1988). 

NIDLI4 represents approximatelY 98% of all 

individuals with diabetes over the age at 45 years (Fluse 

et a]., 1989). 

2. §! 

in our country males are more prone to djebttes 

than females. The incidence found to be 86,87 pezcent in 

melee while 13.33 per cent in tnales in r.ndai' study 

conducted by Singh (1982). 

jkpcording to Shukla (1987). there is a pre 

ponderce of male over temale diabetics in India v  while 

it is the other way in the other countries. 
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3. obesity 

Obesity is the most common cause of insulin 

resistance (Devlin, 1985). 

Vague (1986) suggest that increased central 

body fat is more likely to be associated with the onset of 

diabetes mellitus. 

Nair (1988) states that over eating rei1ta 

in obesity which precipitates insulin resistance and 

impaired glucose tolerence. Indians who are 20 per cent to 

30 per cent over weight are at an increased risk for NItI*t 

d the risk accelerates with increased body weight, Blood 

glucose usually return towards nOLmal as weight loss occurs 

in the obese NID014. 

Jarrett (1981) says that there is a high degree 

of corelation between diabetes prevalance and average 

fatness as obesity increa; the size and ntanber of adipocytea 

and makes them relatively insulin resistant. 

The waist to hip ratio was significantly 

associat1 with the risk for diabetes although the body 

mass index was a measure of the total body tt mass  was 

accounted (Ohison, 1985). 



4. genetic Fact. 

Family history and obesity were shown to be 

strong independent risk factors for NIDL*1 (Morris et al 
- - 

1989). 

8inc. 1932, the mode or trnsmiion has been 

thought to be a menedelian autoscinal recessive, subsequent 

genetic studies have brought this into question, it is 

now suppos& that diabetic eredisposition is due to a 

fluner of genetic characteristics. 

Here dit ar y in involved in the develoçsn ent 

of diabetes or its metabolic variations (Ptelffier, 1989). 

Genetic studies in special subtypes ot type.. 
II diabetics or maturity onset diabetics of the young 

indicate that inIeritce is best explained by antosanal 

dcgninant trannjssjon 1989). There is a link 

between sane molecules of the histocanpatibility system 
(liLA DR 3/tR 4) and diabetes (Le Monde, 1990), 

5. Stress 

Gulati (1987) opines that mental stress is 

known to precipitate diabetics in suscept able individu]3 

.15 
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This is becuae the mind is intimately related to body 

function which counteract the availeoie ingulin•  

t.ie to the stress or aut myoarujal infarction, 

the temporary excur8ions in blood sugar have been associated 

with a bad prognosis even in non diabetieb kSeshiah,, 1990). 

Alcoholism  

Diabetics are particularly prone to having 

fatty livers even the slighest sign ot liver tunction is a 

strict contraindication ot alcohol (Mayi-r, 1981) and 

(Josylin, 1989). 

Diabetes should avoid alcohol consumption. 

Insulin may aggravate the intoxicating ettect ot alcohol 

which in turn stimulates appetite and the whole chain 

reaction niakes the diabetics prone to breaking dietary regimen 

and the control ot the disease will be diti.1cu1t (simpa, 

1981). 

Minerals and Tre Elements 

Many minerals and trace elenents have a subtle 

role in carbohydrate and lipid metabolism. Depletion of 
potassium as seen after diuretics results in impaired glucose 

tolerence (Kh5w, 1987). tow levels or ionised calcjtzn are 
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aeen in many subjects With N1D424 or hypertention (carron, 
1982), 

Studies in animals indicate that a decrease in 

glucose tolerence is induced by chromium deticiency and i 

reversed by the administration of: chromium supplement 

improved glucose tolereDce and lowered insulin levels 

(anderson, 1986). 

11tives, Preservatives And Pesticidess 

Ingestion ot cured snoked preserved meat by 

mother at the time ot conception may resu1t in the develop-

ment ot insulin dependent diabetes rnellitus in the male ott 

spring (Helgason, 1981). Some cases ot insulin dependent 

diabetes mellitus trom ingestion ot rodenticide, vacor, 

have been re ported (K ar am et al, 1980). 

Under Nutrition and Carbohydr ate Intolerence: 

Basal normoglycemia or hypoglycemia with carbo- 
hydrate intolerence following glucose challenge is a feature 

of Kwashiorkar. Fatty, intilteration ot liver in protein 

deficiency SYrdromes could partly account tor low t eating 

blood glucose levels This may also be to a reduction in the 

number ot cells or to a tunctional impairment ot cells. 



The close relationship of malnutrition related 

diabetes to childhood malnutrition suggest a distinct 

etiological relation. There is distinct possibility that 

in some cases impairment of cells, due to protein deprivation 

over prolonged period in infancy can cause diSbeteg mellitus. 

It is reasonable to suggest that malnutrition may also 

produce alternation in imeune mechanism thus increasing the 

suacceptibility and response to various infections agents 

(Raheja, 1988). 

Role of Nutritional Fpctors in Etioppthogenesjs of Diabetes 

"A true physician first finds the cause of the 

disease and having found that out tries to cure it by food 

and when food fails then prescribes medicineu 

- Sun Semlo 

Diet is the regimen area with which individuals 

with diabetes have the greatest ditficulty and the area 

in which improvements co.ild potentially lead to the greatest 

health benefits (Glasgow, 1989). 

Several nutritional factors are known to be 

associated with carbohydrate intolerence. 

ig 



A. Casually related 

Excessive intake of caloriesi Obesity 

Excessive alcohol intakez pancreatitis and hepatic 
cirrhosis 

3. Excessive iron intake: hemochromatasis 

B. Probibly related 

Negative nitrogen balancer protein under nutrition 

Conditional deficiency of sulfur containing amino 

acids, Cassava consumption. 

Negative potassium balance: chiorothiazide and related 
diuretic therapy. 

Negative balance of trace minerals, chromium and zinc 

deficiency states. 

C. Possibly related 

Low level of dietary fiber 

Excessive consumption of refineC carbohydrates 

Food Toxins affecting cells nitrosamine in foods 

(BaJaj, 1982) 

Diet is the therapuetic pillar to diminish the 

Impact of obesity and insulin resistance at various sites, 

improve glucose utilization with the limited amount of 

available endogerious insulin (Ahuja, 1989). 
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Chait (1988) says that the marked restriction of 

carbohydrate content within the frame work of the calorie 

recommended is of little benefit to the diabetic. 

Increased intake of dietary fibre benefits diabetic 

individuals in both specific and general ways. The specific 

benefits are decreased insulin requirements, improved 

glycemic control, greater sensitivity to insulin and less 

frequent insulin reactions (Aflderson, 1986). 

Anderson (1980) showed that diabetic s*bjects fed 

diet high in carbohydrate and fiber had reduced blood 

glucose levels and diminished insulin requirements. Jenkjn 

and colleagues (1932) demonstrated that purified viscous 

fiber without alteration in the carbohydrate Intake reduced 

poetprndIa1 glucose and insulin responses to test meals in 

both diabetic and nondiabetic volunteers. Addition of 

purified viscous fiber to metabolic diets resulted in 

reduced urinary loses of glucose and ketone bodies 

(7enkins, 1980). 

The scientific status of fiber research suggests 

that water soluable fibers found in such foods as legumes 

and oats have the most benefICIal effect on plasma glucose, 

insulin, lipoprotein fractions and triglyceride levels 

(Tietyen, 1989). 

20 
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Incremental glucose and insulin response were 

higher and glucose excretion was significantly greater in 

response to the low fat, high carbohydrate diet. In addition 

fasting and post prndial triglyceride levels were Increased 

and high density lIpoprotejnchoesterol concentration were 
reduced when patients with non-insulin dependent diabetes 
millitus ate the low fat, high carbohydrate diet (Coulston 

(1987) and Waslien 1987). 

Kerin (1989) says that if high carbohydrate, low 

fat diets are to be reconnended to patients with disbete,, 

It is essential that the type of carbohydrate reconn1ended 

be unrefined and high in fiber. 

Soluble fibers have shown promise in the treatment 

of hyperglycemia because they appear to slow down the 

absorption of nutrients from ingested foods (Melvor, 1989). 

Jenkins (1988) says that non-Insulin dependent diabetes 

mel].jtus high fibre diets may offer some improvement in 

carbohydrate metabolism, lower total cholesterol and LDL 

cholesterol. Foods should be selected f rum a wide variety 

of choices to include both soluble and insoluble, types 

of fjJr, 
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Plant fibre, particularly soluble fibre from 

pulses, vegetables and fruits lower blood glucose, 

cholesterol and triglycerides (Carper (1987) and ICushi (1985). 

Sucrose does not aggravate hyperglycemia in diets 

od patients with non-insulin dependent di.aetes, but it 

elevates fasting triglyceride levels in high carbohydre 

diets (Abraira (1988) and Forlani (1989). 

Consumption of fructose following glucose or starch 

drinks produced significantly higher levels of plasma 

insulin, but not plasma glucose, as compared with consumption 

of corresponding drinks without fructose (Reiser, 1967)., 

and there Is no adverse effects on triglycer idea pyruvate, 

1 ctate or uric acid metabolism. 

In patients with non-insulin dependent diabetes 

a modest increase in dietary fibre from wholemel bread 

and apple resulted in postprandIal glucose response compared 

with corresponding low fibre meals jil nrn Insulin dependent 

d labetics. 

soy polysaccharide improves the post p'candial return 

of serum glucose toward baseline in healthy subjects. There 

might be some advantages in using this fiber source as a 
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means of dietary treatment of diabetes, it is easier to 

incorporate lOg. soy polysactharide than fibers such as 

pectin or guar gun, into a meal without greatly effecting 

the texture and palatability of that meal (Tasi, 1987). 

Glycemic response of different foods 

Different starchy foods produce different glycemjc 

responses when fed individually. Legumes, pasta, grains 

such as barley, parboiled rice and bulgar and whole grain 

breads, such as pumpernickel. Specific incorporation of 

those foods into diets has been associated with reduction 

in LDL cholesterol and triglyceride levels in lrperlIpIdemia 

and with improved blood glucose control in IfldIvjdu515 with 

Insulin dependent dIstbetes mellitus (Jenkins, 1988). 

Uniform glycaemic indices were observed for each 

food, similar to those reported by others in non-pregnen 

subjects. Post prandial glucose values reached their peak 

later after glucose and bread ingestion than after the 

remaining foods (Lock, 1988). 

The g].ycemic control ittained by calorie restriction 

allows recovery of disproportionate over secretion of pro-

insulin in patients with non-Insulin dependent diabetes 

mellitus, presumably decreasing the demand for insulin 

cretion from /3 cells (YoshIoka, 1989). 
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Study conducted by Atchison (1989) says that fructose 

given alone increased the blood glucose almost as much as 

a g1milar amount of glucose. However, the sane amount of 

fructose given with glucose produced no greater glycemic 

response than did glucose alone. Similarly, galactose 

contributed only slightly to the glycemic response when 

given as lactose, whereas protein and fat had no additional 

glycemic effect. When patients were fed an amount of bread 

and apple that contained 25 gin, glucose, both challanges 

produced glycemic responses very similar to the response 

of 25 gin purified glucose. 

Salt may increase the post prandial plasma glucose 

and insulin responses to lentils and bread by accelerating 

the digestion of starch by stimulating arnylase activity or 

by accelerating small intentisal absoiption of the liberated 

glucose or both (Thorburn, 1986). 

Aiiylose starch may be ofpotential benefit to 

carbonydrate sensitive individual or individuals with diabetes 

(Rehall, 1938). Types of pasteflay produce different glycemic 

responses, but they are not necessarily related to differences 

in cooking surface area (Wolever 1986). 
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Dri beans, because of their high fiber content 

and lc*i glycarnic index, are especially suitable for djbetjc 

diets. Addition of 10 per cent to 20 per cent of total 

carbohydrate as sucrose would be permissible and without 

significant disturbance of blood-glucose homeostasis 

(vorster, 198/). Mixing the meals significantly increased 

the insulinemic indexes and introduced a positive correlation 

between glycemic and insulinemic indexes (Bornet, 1987). 

Inclusion of low-glycemic index foods in the diets 

of patients with diabetes may be an additional meassure that 

favourably influences carbohydrate metabolism without 

increasing insulin demand (Jenkins, 1987). 
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III. METhODOLOGY 

The procedure follcied in conducting the 

present investigation on "Comparison of gLycemic response of 

whole wheat brown bread and white bread in Non-insulin 

dependent diabetics" is presented under the following 

headings. 

A.. Selection Of Area 

Selection Of Th Samples 

Developnt Of Tools For The Study 

Formulation Of Breakfast Foc' 

Calculation of Daily Mean Food And 

Nutrient Intake Of The Sub-Sample 

Conducting The Experiment 

Evaluation 

A, Selection Of area 

The study was carried out in Coixnbatore city. 

Four hoitels nnely Sakthi diagnostics, I(ikani diagnostics, 

Kuppusny Naidu Hospital and El len Hospit a). were selected 

for the study. 

These hospit als were selected because the 

authorities of these hospitals were willing to co-operate 

and non-insulin dependent diabetics were available, 
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B, Selection Of The Samples 

According to Booth (1982) in a randan sample 

every individual in the population has an equal chance of 

being selected, Hence all the non-.ir.sulin dependent diabetic 

adults attending the hospitals were recorded as and when 

they attended the clinic and included in the study. A 

total number of 100 subjects were oollected for the study. 

The Socio-econcmic status, food habits, knowledge and 

dietary practices of these 100 subjects were elicited. A 

ub sample of 12 non insulin dependent dibetics were drawn 

from this 100 subjects, for the feeding trial. Those who 

were between the age range of 40 - 55 years and willing to 

cooperate were selected and were divided into two groups, ot 

4 males and 2 fn1es each. 

C. Development Of Tools For e Study 

Interview method was selected to elicit information 

from the subjects on soclo-econaTLic status and dietary 

pattern. 

Gupta (1988) states that an interview is two 

way method which permits an exchange of ideas and information. 

The intormation received from an interview schedule is more 

reliable as the accuracy ot statements can be checked by 

supplementary questions wherever necessary. Interview makes 



possible a face to face association and process of instru- 

mentation between the interviewer and interviewee and this 

helps in securing date not obtainable by methods that do 

not involve an interpersonal relation ship. The investigator 

formulated a special interview schedule as presented in 

appendix I to study the socio economic statUS and d' 
-. ary 

pattern of 100 diabetics. 

To evaluate and then compare the effectiveness 

of the two bread varieties of feeding trial was planned for 

the sub sample Ot 12 non-insulin dependent diabetics. Their 

fasting and post-prendial blood gucose responses were recorded 

before and after feeding the test food. 

0. Formulation ot BreekfagtFoods 

Eighty grs ot whole wheat brown bread, lOOg 

at milk and 100 g of apple tormed the breakfast item for 

the first group referred as Group I and eighty grains of 

white bread, lOOg milk and lOOg apple formed the breakfast 

item for the second group (Group II). Breakfast served are 

showed in Figure 1 and 2.Ilhole wheat Brown bread and white 

bread were specially prepared for including breakfast it5 

for the diabetics. The receipe followed in the preparation 

of bread is given in 4ppendix-II, Milk was included to 

increase the protein content of the diet and also to help 

in the consumption of breed* Apple was included to increase 

the energy content of the break-fast, so that 1/3 of the 

enerty requirement could be met by the breakfast.  An 



N  

Ficiug-i BFiST 5ERvCo FOk GRoUPi 

(HoLE WHEPT 8ROWN 

B/FAST 3ERVe.o Pok C,ou? 21 

(i--r& 8RFAD) 



30 

evaluation ot the daily dietary pattern ot the subjects 

revealed that tour slices (20g) each will be sificient 

for breakfast. Thus the amount ot bread to be given  was 

computed. The nutritive value ot the breakfast itams 

was coauted from the raw equivalents using the nutritive 

value ot Indian Foods (IcMR, 1984) and are presented in 
Tables I and II. 

T Si B t.E — 1 

NILYrRITIVE VSirUE OF BREXFST ITEMS WPH WHOLE 

WHEAT BROWN RRPAt) (GROuP I) 

_ a a — — —  — — —  a a a a 

Jnount Energy protein Cho Fat Crude 
fiber 

a a a a 

g 
a S 

Kcal 
— - - 

g 
a - 

g 
- 5 5 

g 
S S 

g 
— — 

Brown Bread 80 178 5.9 36.6 2.0 0.71 

Milk 100 67 3.2 4.4 4.1 — 

*pple 100 59 0.2 13.4 0.5 1.00 

Total 304 9.3 54.4 6.6 1.71 

— — .. 5 e 5 5 -a S a a 



31 

NJTRITIVE VALUE OF BREN(FA$T IThMS WITH WHITh BRAD(GROUp.II) 

- _ 

- - 

JflOunt Energy Protein CHO Fat 

- 

Crude 
Fiber 

e a -  a - - - 

g 
._ - a - 

1(cal 
- a e - a 

g 
- - 

g 
_ 

g g 
- - 

White Bread 80 200 5.5 40.7 1.7 0.15 

Milk 100 67 3.2 4o 4 4.1 

1pple 100 59 0.2 13.4 0.5 1.00 

Tot4 

a - - - - - -  - - - - -  

326 

- - - -  

8.9 

- - - - -  

58.5 

- - -  

5.6 

- - a a 

1.15 

- a 

E. Calculation Ot Daily Mean Food And Nutrient Intake Of the 

Sub Sample 

Pennington (1988) points out that studies that 

relate to food and nutrient intake to measure health or 

disease are essential for monitoring dietary status. In the 

present investigation one day weighrnent of cooked foods was 

done to quantify the tood intake of the subjects. This was 

carried out by recording the quantities of all foods eaten 

during a day and by weighing the cooked food protions, and 

the raw Ingredients used In cooking. From this the daily 

mean food and nutrient intakes were computed making use of 

the food tables given by IeMR using the ri equivalents for 

the cooked foods. 
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F. Cnducting The Experiment 

Utilising the interview schedule prepared the 

investigator assessed the socio-econjc and dietary practices 
ot all the 100 selected subjects. This was done by inter-

viewing the subjects when they visited the clinic. From 

this 12 subjects were selected and included in the feeding 

trial. All the 12 selected diabetics were collected in 

one place and they were informed of the importance of their 

co'.operation in the study. Then on the first day atter an 

over night tasting ot 12 hourg the tasting blood glucose 

level was recorded and the subjects were allowed to consume 

their normal breaktast and the post nrandial blood glucose 

level at one hour and two hours after breakt ast were recorded. 

From the next day onwards, the st&dardjsed breakfast item5 

of 80g of whole wheat brown bread or white bread with lOOg 

of milk and 100 g of apple were served, at 8.30 a.m for 10 

consecutive days. The subjects were requested to assemble 

in 5akthi diagnostic centre and were served breaktast. They 

were requested to eat the breakfast ccmpletely without 

wasting, On the tenth day the tasting blood glucose level and 

the postprndial blood glucose levels at. one hour and two flours 

after the breakfast were estimated, The blood glucose was 
analyncyl usinq the glucose Oxi1ase Peoxidnte method as 
given in appendix - III. 



G. Evaluation 

Data obtained from the study conducted were 

tabulated and analysed satistically. Effectiveness ot whole 

wheat brown bread and white bread in maintaining blood 

glucose level was evaluated by comparing the blood glucose 

responses before and after feeding the test foods. 

33 
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IV. RSUtps AND DISCUSSION 

The results ot the present investigation 

entitled Ccinparion ot the glycemic response of whole 

wheat brown bread and white bread in non insulin dependent 

diabetics" are discussed under the following headings. 

Socio economic Protile Of The Selected Diabetic 

Subj ects 

Height And Weight Ot The Selected Diabetic 

Suolects 

Dietary Practices ot The Selected Diabetic Subjects 

1). Consumption Pattern Of Wheat Products. 

Mean 1)aily Food And Nutrient Intake Of Selected 

Sub Samples 

Blood Glucose Ot The Subjects Betore And After Feeding 

The Test FoOds, 

A. Soclo )oncinic Protile Ot The Selected Diabetic Subjects 

The soclo economic status of the 100 non-insulin 

dependent diabetics ar discussed in the following: 

The age - Wise distribution of the selected 

diabetic Ubjt are presented in Table III and discussed. 

Figure 3 Pictorially depicts the age-wise distribution ot 

the selected dj8betjc subjects. 
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T A B 13 E - III 

E-WISE DISTRIBiJTION OF THE SELECTED TIABETIC SuaJECTS 

(Number of Subjects 100) 

Age Number 

20..30 2 

30-40 2 

40 50 35 

50 60 33 

60-7° 17 

70-80 11 

Total 100 

Table III shows that aoout 35 subjects were 

between 40 and 50 years and 33 between 50 and 60 years. 

Thus, majority of subjects nane1y 68 were b€tween 40 to 60 

years of age. There were 20 subjects above sixty years whereas 

diabetics below forty years were only tour. These results 

are in tune with the results ot Huse et al, (1989) who navt 

indicated that 96 percent of all individuals with diabetics are 

over the age of 45 years. 

2 Sex 

The Sex-wise distributicn of the selected 

diabetic subjects are presented in Fioure • 4. 
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Sixty ::our percent o. the selected iiaDetic 

subjects were males and onLy 36 percent were ternales. This 

trend is in con:irrnity with the results or Singh (1982) who 

sug jest s two possibilities rot sun res 1tr. 

1. It coulo be just a coincidence that more males cie 

tor treati:€nt puraose when compared to ternales. 

?• It could be that in our country generally the temales 

are mcre used tor doino hard work as compared to 

males, the result being the workino or all orcrs 

including pancreas, the solitary tactory or insulin 

production. wfll(-:fl remain very active in temales 

tnus keepiflO incidence o iabet mellitus low in 

trian. Tnt reports Ct Mchr-r c t al., (i93) also sflO\'.S 

sirr:ilx results. 

3. MarJLt al_Status 

Ninety eicn. r*-rcent o. the selected 

cliaoetic sucject were marrier. Only 2 suDjects wer 

unmarriLo. These two subjects were in the - j 

group ci 20 - 30 years. 

4, Educational Status 

Table Iv s1C\S the educational status 

or the selected diacetic subjects. 
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T A B L E - IV 

EDXATI0NAL STATUS OF TH SLTED DIABETI( SUSJTS 

(No. of 
- 

Subjects - 100) 

Educational Status Male Female Number 

Illitrate 3 4 7 

Lower primary - 2 2 

upper primary 5 4 9 

Secondary School 22 12 34 

Higher Seond ery 7 3 10 

Graduate 17 10 27 

Post GradUate 7 1 8 

Diplaria 3 - 3 

Total 64 36 100 

Table IV shows that seven percent of the 

selected diabetic suojects were illitrates. Fifty five 

percent had school education and 38 percent had college 

education. On the whole 93 per cent were illjtrate. 



5. Incane 

Table V persents the income classiticatjon 

of: the selected diabetic subjects. It is also shown in 

Figure 5. The income groups are c1assitid into three as 

tollows. 

o - 1500 - low income 

1501 - 2500 - Middle income 

2501 - and aoove-  High income 

INC0ME LEVEL OF THE SELEL'TID DIABTIL SUBJ.LTS 

(No. 0± Subjects - 100) 

Income Rs. N.znber 

1 - 1500 25 

1501 - 2500 26 

2501 & above 49 

Total 100 

Majority (49 per cent) ot the selected 

diabetic subjects was trcm high income group, 26 from middle 

income group and 25 trorn low income group. k.c0rd1ng to 

Rarnachafldran et al.)(1988) the pervalence or diabetes was 

signiticently hicjher in subjects wnose income was more. 
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6, Type Of Food Consumed 

Food plays an important role in health and 

it is well to know the type of diet followed • Figure 6 

depicts the classification of subjects according to the 

type of foods consumed. 

Majority (61 percent) of the selected 

diabetic subjects were non-vegetarians whereas only 39 

percent were vegetarians. This survey indicates that the 

incidence of diabetes was more among non-vegetarians. 

Vegetarian foods contain more fiber than the non-vegetarian 

food. This may be a factor which has controlled the 

jncidene of diabetes in the vegetarian. 

B. Height And Wight Of The Selected Diabetic 3ubjects 

Height and weight of the selected diabetic 

subjects is given in Table VI. The height and weight of 

the subjects as compared with the standards given by L.I.0 

are discussed in the following. The L.I.C. standards are 

given in Appendix - Iv. 
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T A B L L - VI 

HEIGHT AND W1IGHT OF THt DIA3-tTIC SUBJic TS 

(No. ot subjects - 100) 

weight in Kg. 

40 - 50 50 - 60 60 - 70 A1ove 70 

Height in cm M F M F M F M F 

140-150 - 1 - 2 - 1 - - 

150 - 160 2 4 3 10 4 7 1 3 

160 - 170 1 - 11 3 12 3 3 1 

170 - 180 1 4 - 11 - 10 1 

180-190 - - - - 1 - 

Total 4 5 18 15 27 11 15 5 

Table VI shows that three females in the 

height range of 140 - 150 cms were over weight. in the 

150 - 160 Cms heightten females and five males were over 

weight. One female and three males were overweight in 

the 160 - 170 cms height range. One female was over weight 

in the height range of 170 - 180 cms. on the whole the 

percentage of over weight subjects in the liabetic subjects 

studied was 22 percent. 
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C. Dietary PracticesOt Selected Diabetic Subjec 

The diet survey or tne selected diabetic subjects 

revealed tne t act that only eighty eight percent or the 

diabetics were aware or the importance or controlling diet 

whereas 12 percent were not aware of dietary restrictions. 

The toods specially included, avoided and restricted by the 

selected diabetic ubject are presenttd in the tollowing 

Tables and discussed. 

1. Foods Included 

TaiDle VII shows the toods specially included 

by the subjects. 

T A B L VII 

FOODS SPiIAiLY INLUDD BY THt SLTD )IAi3.TI2 SUBJrCT3 

(No. ot Subjects - 100) 

Foods Number 

Wheat 14 

Fenu greek powder 9 

Greens 8 

Ragi 

Bitter gourd juice 4 

Keerai juice 2 

Increased Milk 2 
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From Table VII it is evident tnat 14 subjects 

specially included wheat in tneir diet. Tflese subjects 

indicated that they had previously excluded wheattrom their 

diet. Nine subjects consumed tenu greek powder in the 

morning and eight started incluciinore quantities ot 

greens. Four subjects consumed bittergourd juice and 2 

included kerei juice. one or the subjects started 

consuming trequent sm all teedings. .11 diabetics included 

these items as they believed that they reduce the blood 

glucose level. 

2, Foods xvoided 

Table VIII presents the foods avoided by the 

selected diabetic su33ects. 



T A 3 L - VIII 

FOODS A\iOItD i3Y TH SLLr~'-'TrD JIASTIc2 3UBJT3 

(No. or subjects - 100) 

Focds Nuner 

Sugar 48 

Roots & TUoers 24 

Potato 12 

Fruits 7 

Betroot 6 

Rice 3 

Milk 3 

Ego Yolk 2 

Tea 1 

Cot ree 1 

Onion 1 

processed toods 1 

Fried foods 1 

Pappaya 1 

Alcohol 1 

Table VIII shows that only 43 percent avoided 

sugar and sweets trorn their diet. Twenty tour ai.ided the 

consumption of roots and tubers potato by 7 diabetics, and 

beetroot by 6 sples. Milk was avoidt.-I by 3 and another 3 

avoided rice. Two diabetics avoided egg yolk. Tea, COttee, 

Onion, Processed toocis, fried toods,pap.Paya and alcohol were 

the other toods avoided uy diabetics. 



3. Foods Restricted 

Certain foods were cOnsumed in restricted 

nounts by diabetics. Tale DC prcsunts the foods that 

were consumed in restricted quantities oy the selected 

diabetic subjects. 

T - 

FOODS RESTRICThD BY THE SCThD DIATIc 

SU 3J±CTS 

(No. of Suojects - 100) 

Foods Restricted Number 
-- - - - - - - - - - - - - - - - - - - - - - - 

Sugar 44 

C1ories 10 

Rice 9 

PotatO 8 

oil 5 

Non-vegetarian items 4 

Salt 2 

Not tollowing dietary restrictions 8 

Sugar was consumed in restricted ariounts by 44 

subjects. Ten diabetics restricted tfle consumption or rice 

and 8 reduced intake of potato, oil in the diet was reduced 

by 5 and intake or flesny foods was reduced by 4.  Two diabetics 

retricted salt because they tiad nyperter Eignt subjects 

did not tollow any dietary restrictions. 
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D. Consumption Pattern Of: Whet Products 

1, Frequency Of: Consurnpticn or %$ieat By The Selected 

Diabetic Sui cts: 

The results or the survey conducted to rind out 

the pattern ot consumption or wheat and wheat products by the 

diabetics is presented in the rollowing. 

Table X presents the treuency or inclusion 

of wheat products in tne jet of tne selected diabetic 

subjects. 

TBL x 

FRFUiNLY OF cor:SUMPTION OF WHbAT PROflt1T3 BY TH 

SELcTD DIA3TI SUBJtTS 

(No.or subjects - 100) 

Frequency 0± ofl 5um2t10n Number 

Daily 59 

weekly 38 

Monthly 1 

Avoided 2 

Total 100 



Ninety eight percent ot the diabetics consuned 

wheat products and only two subjects avoided wtieat. 59 

percent of the selected diabetic subjects were consuming wheat 

products daily aild thirty eight subjects consumed wheat weekly.  

Only one subjects consned wheat monthly. 

2. Method of Consumption of Seat 

Table XI shov:s the frequency of consumption ot 

ditterent wheat preparations. 

T  Jk B L L XI 

FiJNUY OF C0NStPTION OF WHEAT PEPARTIONS BY THE SELTED 

DIABETIL SUBJrUTS 

(No. at Subjects - 100 ) 

Preparation Daily Weekly Monthly Total 

Chapathi 43 39 3 85 

White bread 33 45 15 93 

Brown bread 23 20 2 45 

tjppuma 12 67 3 82 

Broken wheat 8 35 9 52 

Kali 10 9 5 24 

Whent Dosai 3 7 2 12 



Chapathi was the most comOn way Ot consuming wheat 

daily. Totally 85 subjects consumed Chapathi. Forty three 

consumed chapathi daily, 39 consumed weekly and 3 consumed 

it monthly. The other preparation that was consumed daily 

by about 33 per cent of: subjects was whit.e bread. White bread 

was consumed mainly because it is easily available. Forty 

five were consuming weekly and only 15 consumed it monthly. 

Twenty three subjects consumed whole wheat brown bread daily, 

20 weekly and only 2 consumed monthly. Uppuma was consumed 

daily by 20 subjects, by 67 weekly and only 3 monthly. Pali 

was consumed daily by 10 subjects, wekly by 9 and 5 consumed 

it monthly. The least consumedeparatiofl was wheat Dosai. 

Three consumed wheat dosei daily, 7 consumed weekly and only 

2 consumed monthly. 

These results revealed the tact that white bread 

was the most comon preparation consumed by 93 per cent of the 

subjects. Chapathi(85%) and wheat uppuma (82%) were the 

other two popular preparations. Brown bread was consumed by 

45 percent. Kali and wheat dosai were tound to be the less 

common among the diabetics. 
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E. Mean Daily Food And Nutrient Intake of Selected Sub Samples 

From the 100 subjects studied two groups of 6 

samples each were selected for feeding the bread snples 

and comparing their effect on the blood glucose values. There 

were four males and two females in each group. Before 

feeding the bread varieties, the food and nutrient intake of 

these 12 subjects were studied through weighment survey and 

the resultswere Tabulated and discussed. The individual food 

and nutrient intake data are presented in Appendix V and VI. 

1. Mean Daily Food Consumption of Selected Diabetic Subicts 

Table XII presents the mean daily food consumption 

of the selected, male diabetic subjects in the two groups. 



MEAN DAILY FOOD CONSUMPTION OF SELECTED DIABETIC MAIE SUBJECTS 

(No. of males - 4) 

- - - 

Mean daily food consumption 

Food Group R.D.A Group - I Deficit Group II Deficit - 

(or) (or) 
Surplus than Surplus than 

R.D.A. % R.D.A.% 

Cereals 475 332 30 340 28 

Pulses 65 60 - 8 58 - 11 

Leafy vegetables 125 96 - 23 80 - 36 

Roots and Tubers 75 34 - )5 32 - 57 

Other vegetables 100 83 - 17 86 - 14 

Fruits 30 - -100 - - 100 

Milk 100 337 r 227 301 i- 201 

FleshyfOodS 30 59 .p 96 58 . 93 

Oil and fat 40 43 1 8 43 

Sugar and Jaggery 40 - - 100 - - 100 

J1 



The mean daily food consumption of the male 

subjects in the two groups indicated that except milk fleshy 

foods and fats and oils, all the other groups of food were 

consumed in deficit quantities. There was 100 percent 

deficit in the case of fruits, since all the subjects were 

found to avoid fruits. The next maximum avoided foods was 

roots and tubers in both the groups. 

In the case of creals there was a deficit of 30 

percent in the 1st Group and 28 per cent in the second group. 

The percentage deficit in the consumption of pulses was very 

much less 8 per cent in the 1st group and 11 percent in the 

iind group. There was a significant reduction (23% and 36% 

in the two groups respectively) in the consumption of green 

leafy vegetables. Though a significant number of subjects 

knew that leafy vegetables are essential this dificit existed. 

The consumption of other vegetables was also deficient. 

sugar end jeggery were avoided by all the subjects in both the 

groups. 

Tables XIII presents the mean daily food consum- 

ption of the selected female diabetic subjects in the two groups. 



TABLE XIII 

MEAN DAILY FOOD CONSUMFTION OF SgLgCTED DIABETIC FEMALE SUBJECTS 

Mean Daily Food Consumption 

Food Group R.D.A Deficit Ificit 
Group - I of Group II or 

Surplus Surplus 

Cereals 350 271 -23 265 - 24 

pulses 35 62 -e 13 52 - 5 

Leafy Vegetables 125 112 i 10 72 - 42 

Roots and Tubers 75 32 - 57.3 50 - 33 

Other vegetables /5 108 r 44 142 , 89 

Fruits 30 - 
- 100 - - 100 

Milk 100 255 p 155 205 + ios 

Fleshy foods 30 75 i 150 87 iu 

Oils and fat 40 40 - 35 - 13 

Sugars & Jggery 30 - 
- 100 - - 100 

(4 



The mean daily consnption of the female subjects 

in the two groups indicated that except milk, fleshy fcods and 

other vegetables all other groups of food were consumed in 

deficient quantities. There was 100 percent deficit in the 

case of fruits. All the subjects were found to avoid fruits. 

The next ma;Ti.mum avoided fcod was roots and tubers in both 

the groups the percentage deficit being 57 percent and 33. 

percent in Group I & ii respectively. 

in the case of cereals there was a deficit of 23 

percent in the 1st group and 24 percent in the second group. 

Consumption of pulses was more by group I (13 percent) and 

was deficit in group II (5.49%). There was a  sliqht  reduction 

(10 percent) in the consumption of green leafy vegetables in 

group I and a significant reduction (42.49/.) in the group ii 

In the case of females also though significant number of 

subjects indicated that leafy vegetable are essential, this 

deficit existed. Sugar and Jagqerz were avoided by all the 

subjects in both the groups. 

2. Mean Daily Nutrient Intake of Selected Diabetic Subjects 

Table xiv presents the mean daily nutrient intake 

of the selected male diabetic subjects. 



T A B L E XIV 

MEAN DAILY NUTRIENT INTAKE OF THE sEECED DIABETIC SUBJECTS (MALE) 

Nutrients 
Group - I 
mean daily Deficit 

Group - I 
mean di1y 

4 
Deficit 

nutrient or nutrient or 
intake Surp1ts intake Surplus 

Energy (Kcal) 2800 2290 - 18.2 2278 - 18.64 

Carbohydrate (g) *490 363 - 25.91 352 - 28.16 

protein (g) 55 62 + 21.8 64 + 25.45 

Fat (g) **62 63 •i- 1..6 63 2 

Crude Fiber (g) 5.5 44 

Calcium (g) 0.4 - 0.5 0,64 r 42.22 0.56 . 24.44 

Iron (mg) 20. 26.6 + 33 29.8 + 99 

p - Carotene (ug) 3000 2230 - 25.66 2639 - 12.03 

Thiamin 1.4 1.62 i- 20 1.55 19 

Ribo flavin 1.6 1.18 - 22 1.24 - 2u 

Niacin 18 15.37 - 17 17.34 - 6 

vitamlnC (ng) 50 53 + 6 45.0 - 10 

* 70 of per cent uf total calories from carbohydrate 

** 20 per cent of total calories from fat. 
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The energy consumption of the two groups met almost 

about 82 per cent of the requirements. The deficit was only 

18 per cent. This can be considered as adequate for the Non- 

insulin Depecent diabetics as less amount of energy is recommended 

There was a reduction of about 25 percent in the consumption of 

carbohydrate in both the groups. But the protein intake was 

more than the recommended allowance and this may be because of 

the increased intake of fleshy foods by the two groups of 

subjects. F at consumption of both the groups were almost normal, 

and equal to that of the recommended allowance. There was 

only 1.6 per cent surplus intake of fat. 

Calcium and iron intake was slightly more than the 

recommended allowances. The increased iron intake may be due 

to the consumption of liver and other fleshy foods. The intake 

of B Carotene was less than the recommended allowance. There 

was a 25 percent deficit in the first group and 12 percent in 

the second group. 

Table XV presents the rran daily nutrient intake 

of the selected female diabetic subjects. 



T A B L E XV 

MEAN DAILY NUTRIENT INTAKE OF THE SELECTED FEMALE DIABETIC SUBJECTS 

Group I Group II 
Nutrietts R.D.A mean daily Deficit mean daily Deficit 

nutrient intake or nutrient or 
.irplus intake Surplus 

Energy (Kcal) 2200 1823 - 17.13 1800 - 18.18 

Carbohydrate (g) * 385 283 - 26.49 277 - 28,05 

protein (g) 45 60 - 33,33 59 31.1 

Fat (g) ** 49 57 r 16.32 45 - t3.1 

Crude Fiber (g) 3.6 2..8 

Calcium (g) 0.4 - 05 0.45 - 0.42 

Iron NO 30 21.66 - 27.8 17.9 - 403 

p-Carotene (Ug) 3000 4027 + 34.23 3977 -s- 32.56 

Thiamin 1.1 1,35 * 22 1.334 1- 23 

Ribo flavin 1.3 0.96 - 22 0.91 ..22 

Niacin 14 16.4 + 17 13,16 - 6 

Vitamin - C (Mg) 50 45 -10 44 - 12 

* 70 per cnt of calories from Carbohydrate 
** 20 per cent of calories from fat. 
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The energy consumption of the two groups met 

almost about 82 per cent of the requirement. The deficit 

was only 17.13 per cent and 19.18 per cent respectively. 

There was a reduction of about 26 per cent in the consumption 

of carbahydrates in both the groups. But the protein intake 

was more than the recorrnended allowance and this may be 

bCause of the increased intake of fleshy foods, milk and 

pulses by the groups. Fat consumption of both the groups 

were higher than the recommended allowance, Calcium intake 

was within normal range in both the groups. There was a 

deficit in the intake of iron (34.23%) and 40.30% respectively). 

Carotene was higher in both the groups this may be due to 

increased amount of yellow vegetables in the diet. 

5-g 



F. Blood Glucose Response Of The Subjects Before And 

after Feeding The Test Foods 

The mean blood glucose levels of the 

subjects estimated before and after feeding whole wheat 

brown bread (Group I) and white bread (Group ii) are 

presented and discussed under the following headings. The 

individual values are presented in Appendix VII. 

Effect of whole wheat brown bread on blood glucose 

levels. 

Effect of white bread on blood glucose levels. 

Cornarisofl of the effect of whole wheat brown bread 

and white bread on blood glucose levels. 

1. Effect Of Whole Wht Brown Bread On Blood Glucose Levels 

Blood glucose levels of subjects before and 

after feeding whole wheat brown bread are presented in 

Table XVI,-and also in Figure 7. 



T A B L E XVI 

BLOOD GLUCOSE LEVELS OFSUBJECTS BEFORE AND AFTER FEEDING WHOLE WHEAT BROWN BREAD 

(GROUP - I) 

Blood sample 
Normal Blood glucose Values Blood glucose values t s 
value before feeding after feeding values 

rrean -r S.D. (mg/loOml) mean S.D. (mg/100ml) 

Fasting 90 162.16 r 15.22 lbl.66 '. 15.96 1.070 NS 

1 Hour after 160 218.66 ± 1910 203.06 20.99 1.188 NS 

breakfast 

2 Hos after 90 189.83 r 21.25 177.50 
. 

25.72 0.831 NS 
breakfast 

N S Not Significant 
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The blood glucose values recorded by the 

diabetic sarrples were more than the normal blood glucose 

values. The fasting blood glucose vclue before feeding was 

162.16 mg/100 ml of blood. After feeding the whole wheat 

brown bread for a priod of 10 days, the fasting blood 

glucose showed a reduction to 11.66 mg/100 ml. But 

the statistical analysis showed that the reduction was not 

significant. 

The blood glucose valus recorded 1 hour and 

2 hours after having break fast also sbwd higher values 

when compared to the normal values. But after the 

administration of the whole wheat brown bread the blood 

glucose levels decreased. But, the difference between the 

values before and after feeding were not satisfically 

significant. Though the reduction was more in tue 1 hour 

blood glucose level it was not significant. After 2 hour 

also the reduction in the blood glucose level after feeding 

was not statisfically significant. 

These results show that including whole wheat 

brown bread reduces the blood glucose level though the 

reduction was not statistically significant. 

2. Effect Of White Bread On Bluod Glucose Levels 

Blood glucose levels of subjects before and  

after feeding white bread is shown in Tabe XVII and in 

Figure 8. 



T A B L E XVII 

BLOOD GLUCOSE LEVELS OF SUBJECTS BEFORE AD AFTER FEEDING WHITE BREAD (GROUP ii) 

Blood Glucose Values Blood Glucose Values 

Blood Sample 
Noimal before feeding after feeding Value 

--  

Value 

- -- - - -  

Mean + S.D (Mg/100 ml) 

- - - - - - - - - - - -  - - -  

mean S.D. (rng/looml) 

- 

Fasting 90 172.00 17.88 1600 mr 18.10 0.353 NS 

1 Hour after 
break fast 160 226.66 -r 11.43 225.66 9.94 0.148 NS 

2 Hour after 
90 200.16 + 20.08 202.5 21.36 0179 NS 

break fast 

NS Not significant 
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In the case of the subjects fed white 

bread also the blood glucose values shcwed a reduction 

after feeding. But the reduction was about 1 mg to 2mg 

only. Since the reduction was very low the difference 

between the initial and fLnal values were not statistically 

significant. After 2 hours there was a slight increase in 

the blood values of the group fed white bread. 

3. Comparison Of The Effect OfWhole Wheat BrcMn Bread 

And White Bread On Bood Glucose Level 

The glycemic responses of whole wheat brcwn 

bread and white bread are presented in Table XVIII and 

Figure 9. 



T A B L E XVIII 

COMPARISION OF THE GLYCEMIC RESPONSE OF THE TWO GROUPS AT ONE HOUR AND TWO HOURS AFTER 

BREAKF AST 

Blood Glucose Group I Group II t' Value 
Va 1 ue S 

One hour after breakfast 

mean + S.D 

1 hour - fasting 

Two hour after breakfast 
mean -r S.D 

2 hours - fasting 

203.66 r 20.99 225..06 i 9.94 

52.50 18.65 57.66 i 17.30 

177.50 i-  25.70 202.5 1 21.36 

5.83 -- 8,37 34.05 10.43 

2.129 NS 

0.458 NS 

1.681 NS 

0.837 NS 

NS Not 51gn1f1c8nt 
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Table XXII represents the blood glucose values 

recorded by the two groups after one hour and two hours of 

consuming the two varieties of bread. Since the fasting 

blood glucose values ot the two groups are slightly different 

the difference between the 1 hour value and fasting value, 

and the 2 hours value and the fasting values of the two 

groups are also represented in the Table and compared, 

nalysis of these values show that the group I, fed whole 

wheat brown bread has registered a lower blood glucose 

value the Group II fed white bread. The effect is more 

after 1 hour of feeding than 2 hrs. But the reduction is 

not statistically diffeient. 

The results of the study indicate that including 

bread varieties in the breakfast of the diabetic subjcts 

does Flp in reducing blood glucose values. Among the two 

varieties of bread samples, the whole wheat brown bread is more 

efficient in lowering blood glucose level than white bread. 

This may be because of the higher fiber content of the whole 

wheat brown bread, which contains more amount of unrefined 

wheat. 

It is recommended that further studies can be 

conducted on breads developed specially for the diabetics, 

adding more amount of bran to the bread as bread is 

preferred by most of the diabetic subjects. 
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V. SUMMARY AND CONCLUSION 

The present investigation on the "Ct*nparison 

of glycemic response of whole wheat brown bread and white 

bread in non-insulin dependent diabetics" was undertaken 

with the following objectives. 

1. Study the socio-economic and dietary 

pattern of the 100 non insulin 

dependent di abetic s 

2, Conduct a feeding trial with whole wheat 

brown bread and white bread on a sub sample 

of 12 diabetiCs. 

Evaluate the glycemic response of the 

two varieties of bread and 

compare the effect of the two varieties on 

blood glucose level. 

The samples were selected from four hospitals in 

Coimbatore city. The soclo economic status, food habits, 

kncwledge and practices of the 100 subjects were studied. A 

sub sample of 12 non insulin dependent diabetics who were in 

the age range of 40 - 55 years and willing to co-operate in 

the feeding trial were selected and divided into two groups 

of six subjects each. In each group there were four males 



and two females whole wheat brown bread and white bread 

were specially prepared for including in the feeding trial 

for the diabetie.g.Eighty gr'ins of whole wheat brown bread 

clong wjth:1009 of milk and lOOg of apple formed the break 

fast item for the two groups of selected subjects. The 

formdated breakfast item supplied about 300 kcals of 

energy, 9 g of protein, and 1.5g of fiber. The fasting blood 

glucose level and the blood glucose level atter one hour and 

two hours of the normal breakfast were recorded before starting 

the feeding trial. The stderdized breakfast items were 

served for the two groups of the subjects in one corrinon place 

for a period of 10 days. At the end of the feeding trial 

again the fasting blood glucose level and blood glucose levels 

at one hour and two hours after consuming the break fast 

items were estimated. The date obtained were satistically 

analysed and the results were evaluated. 

The following are the findings ot the study:- 

(i) About 68 percent of the subjects were between 

40 - 60 years of age. There were only 20 subjects 

above 60 years and only four below 40 years of age. 

There were more males (64 per cent) than females 

in the selected snp1es. 

98 per cent of the selected subjects were married. 

Seven percent of the selected subjects were 

illitretea and the rest 93 per cent were litterates. 

There were more educated males than-females. 



About 50 per cent of subject.s belonged to high 

inccine group and the rest were equally 

distributed between middle income and low 

income groups. 

Incidence of diabetes was more among non-

vegetarians than vegetarians. 

Abcut 22 percent of selected diabetic subjects 

were over weight. 

Eighty eight per cent of diabeties were diet 

concious while the rest did not have any 

dietary restrictions wheat, fenu greek powder, 

greens, ragi, bitter gourd juice and keerai 

juice were the foods specially included by the 

subjects. Sugar, roots and tubers, potato, 

fruits, beetroot, end rice were the foods 

avoided by the diabetic subjects. 

Sugar, Calories, rice, potato, fats and oils, 

and fleshy foods were constined in restricted 

quantities by the subjects. 

The consunption pattern of wheat products by 

the selected subjects indicated that 98 per cent 

of diabetics included wheat products. white bre?d, 

Chapathi, wheat uppuma boiled broken wheat and 

brown bread were the wheat preparations consumed 

by the selected subjects. 

11 
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(ii) The food consumption pattern of the male subjects 

indicated that except milk, fleshy foods, and fats 

and oils all the other groups of foods were consumed 

in the deficient quantities. The consumption 

pattern of the female subjects revealed a similar 

trend but the consumption of other vegetables was 

also adequate by females. Though the subjects knew 

the importance of green leafy vegetables they did 

not consume adequate quantities of these foods. 

The nutrient intake of subjects indicated that 

protein, Calcium and iron intakes were adequate. 

But vitnins consumption was inadequate. 

analysis of blood glucose levels before and Ffter 

feeding the two bread varieties revealed that the 

tasting blood glucose levels reduced after feeding. 

The blood glucose values recorded one hours and 

two hours after feeding whoLe wheat also decreased 

at the end ot the feeding trial. But the reduction 

was not setistically signiticant. 

Feeding white bread showed only a very little 

reduction in the blood glucose levels which was 

also not satistically significant. 

when the efticacy of the two bread in lowering the 

blood glucose levels were compared it was found 

that whole wheat brown bread was more efficient than 



the white bread. Whole ubeat brown bread which 

Contains more mount of unrefined wheat flour 

5howed a better ettect than the refined white 

bread in lowering the blood glucose values in 

non-insulin dependent diabetics. 

The study has brought out the fact that inclusion 

of unrefined cereal products which have more crude fiber 

could be well incorporated into the diet of non insulin 

depent diabetics to bringing down the blood glucose level. 

Further studies can be conducted on cereals and 

under exploited millets and products made out of them to 

evaluate their hypoglycemic effects. 

73 
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jApperbix 



A P p E N D I X- I 

SCiCIC, ECONOMIC AND DIETARY SURVEY OF DIABETICS 

1 • Narre of the Diabetic 

2. kge 

3. Sex 

4. Height 

5. Weight 

6. Vegetariafl/ Non Vegetarian 

7. NaiTe and address of the 

Head of the family 

8. Religion 

9. CompositiOn of the family 

NO. NarTe of Member Relaticn to Man- Edu OcCu Income 
the head of tal Age cat- pat- per 
the family status ion ion month 

 

 

 

 

 

 

10. Total family Income 



11 • Are you aware that diet plays  a maj or role in 

controlling diabetes 

/7 Yes / 7 No 

If Yes, what are the alterations made 

12. Do you include wheat preparations 

LJ Yes /7 No 

If yes, what is the frequency of use 

iaily /_/ weekly L / Monthly  

13. The  ways  in which wheat products are consumed 

Daily Weekly Monthly 

1. Chappathi 

2 • Uppunla 

 Broken wheat 

 I<ali 

S. White bread 

 Brn bread 

 Others 

14. Details of Food consumption 

Inclucied 
Foods fully partially Avoided 

CE RE L 3: 

Rice 

Wheat 

Maida 

Maize 



Ragi 

Suj I 

Vermicelli 

Semolina  

Other 

PULSES 

Black gram dhal 

Bengal gram dhal 

Red gram dhal 

Greea gram dhal 

Cow peas 

Soya beans. 

WHCLE GRAIN 

Bengal grain 

Green gram 

Horse gram 

ROOTS IkND TUBERS 

Potato 

Carrot 

Onicn  

Radish 

Yam 

Others. 



GREEN LEkFY VEGETABLS 

Beans 

Brin ja 1 

Bitter gourd 

Ladies finger 

Pumpkin 

Tomato 

Others. 

- 
RJ ITS 

Plantain 

Guava 

Pappaya 

Gras 

Others 

NUTS MD OII 

Coconut Oil 

Gingelly Oil. 

Ground nut oil 

Vafla spathy 

Others. 

FLESHY FOODS 

Mutton 

Fish (Fresh) 

Fish (dried) 

Chicken 

Egg 

Beef 

0ther. 



MILK AND MILK PROEXJCTS 

Milk 

Curds 

Buttermilk 

Butter 

Ghe e 

SUG1\R AND JGGERY 

Sugar 

Jagge ry 

Honey 

BEVE RkGES 

Tea 

Coffee 

Others 

PREPARED FOOLS 

Sweets 

Biscuits 

Cakes 

Jam 

Jelly 

Cus tard 

Sauce 

Pickle 

Papad 

0 the rs 



15. EkL PTTE  RN 

Early Break Mid- 
Morning fast Morning Lunch Tea Dinrr 

I. Day 

II Day 

III Day 



APPENDIX -  II 

RECIPE FOR THE PREPARATION OF WHULF. WHEAT Bk)WN BREAD AND 

WHITE BREAD 

I • WHOLE WHEAT BROWN BREAD 

Whole wheat flour - 700 gm 

Maida - 3u0 gm 

Dalda - 25 gm 

Sugar - 20 gm 

Yeast - 20 gm 

Calcium propionate - 3 gm 

Water - 600 ml, 

METHOD 

1 • Mix yeast thcroughly with little water 

2. Add all the ingredients and make a dough 

3 • Beat the dough to incorporate some air 

Ieave aside the dough in a warm p]ce for 15-20 minutes 

to allow it to rise. 

After the dough has acquired full volume, it is baked bet-

ween 400 - 450
0 
 F in the oven. 

After baking, bread should be released from the mould 

immediately. 

II. WHITE BREAD 

Maida - 1000 gm 

Sugar - 75 gm 



Salt - 20gm 

Daia - 20 gm 

Yeast - 12 gm 

Calcium proplO- 
nate - 3gm 

G.M.S. - 2.5 gm 

Water - 600 ml. 

METHOD 

Same as that of whole wheat brown bread. 



APPENDIX - III 

ESTIMATION CF BLOOD GLUCOSE 

1. PRINCIPLE: 

Glucose is oxidised by the enzyme glucose Oxidase (GOD) 

to give D- glucose acid and hygrogen perioxide. Hydrogen 

perioxide in preence of enzyme Peroxidase (POD) Oxidizes 

phenol which combines with 4 Aminoantipyrine to produce a red 

colored quinoneimine dye. The intensify of the color developed 

is proportional to glucose concentration in the sample. 

D-.glucose * H20 1- 02 GOD D- gluconic acidrIiC2  

H 0- + 4 Ajflinoantipyrine 

Phenol POD Red Quinoneimine dye r H 0 

2. REAGENTS PROVIDED: 

Enzyme Reagent (Lyophillzed) 2 vials 

Buffer solution 2 x 125 Eli. 

Glucose standard 100 mg. % 1 x 2 ml. 

3. REAGENT PREPRkTI0N: 

Dissolve one vial of the lyophilized Enxyme 

Reagent (i) in one bottle of Buffer solution (2) Mix gently to 

dissolve. The prepared working Enzyme Reagent is stable for 

atleast a month at 2 - 80 C. 

4. pIDCDURE: 

Pipette into clean dry test tubes labelled blank 

(B), Stariard (s) and Test (T).. 



(B) (s) ('r) 

Working Enzyme Reagent 1.0 ml 1.0 mi. 1.0 m1 

Distil]ed Water 0.01 ml - - 

Glucose Standard (3) - 0.01 ml. - 

Serum / Plasma - 
- 0.01 ml. 

Mix well and incubate at 37
0 
 C for 10 minutes. 

Then measure the absorbance of Test (T) and Standard (s), against 

Blank (B) on a photocolorimeter with a green filter or on a 

spectrophotometer at 5i5 nm (Hg 546 nm). 

CALCULATION s 

Glucose in mg % Aof (T) x100 

A of (5) 

6. NORMAL VALUES: 

Fasting level 

Whole blood - 60 - lou mg / 100 ml. 

Serum / plasma - 80 - 120 mg / 100 ml. 



APPENDTX - IV 

STkNDkRD WEIT CORRESPONDING TC HEIGHT GIVEN BY L.I.C. 

Weight in Kg. - - 

Height in cms. 
MEN WOMEN 

140 - 150 45.5 - 50.7 44.7 - 50.7 

150 - 160 50.7 - 61.7 50. - 59.1 

160 - 170 61.7 - 6 8
.

5 59.1 - 65.3 

170 - 180 68.5 - 76.2 65.3 - 71.7 

180 - 190 71.2 - 85.7 67.1 - 73.9 



APPENDIX - V 

MEAN DAILY FOOD INTAKE (Group - I) 

Cereals Pulses Greens Other ROots & Fruits Milk Fats & Fleshy Sugar Vegetables Tubers oils foods 

P1  300 70 100 109 34 - 300 37 - - 

P 2  300 71.6 116.7 95 46.6 - 408 43.3 - - 

P3  358 50.0 116.7 81.7 23.3 - 234 42.0 62.0 - 

P4  350 58 52 90 45 - 334 40 87 - 

P5  317 60 100 67 20 
- 372 47 3 - 

P6  242 54 125 107 30 - 209 42 75 - 



MEAN DAILY FOOD INTAKE ( Group- II) 

Cereals Pulses Greens Oth.r Roots & Fruits Milk Fats bc Fleshy Sugr 
Vegetables Tubers Oils Foods 

p1  259 72 84 142 54 - 234 35 - 

P2  317 60 100 100 20 - 372 45 - - 

p3  358 57 70 83 20 - 300 45 50 - 

p4  333 63 87 87 52 - 290 42 42 - 

p 350 50 62 75 33 - 242 38 83 - 

- 5 

P6 270 32 59 142 47 - 175 34 87 - 



A P P E N D I X  

MEAN DAILY NUTRIENT INTAKE (Grop-I) 

Protein Fat CHO Energy Calcium Iron Vit. C Fiber B.Caro- Thiamine Ribo- )tlacjn 
( Crude) tene flavin 

P1  57 55 315 1929 0.43 20 3b 3.13 4217 1.35 1.07 14.15 

P 2  62 70 368 2377 0.17 28.4 51 6.76 699 1.29 1.01 15.05 

p3  61 68 348 2342 0.67 21.2 49 4.83 3373 1.45 1.04 16.09 

p4  56 55 344 2014 0.47 26.9 32 4.63 1542 1.91 1.52 19.2 

p5  66 61 394 2428 0.67 29.9 71 5,9 3308 1.5 1.15 14.45 

P6  63. 60 252 1718 0.5 22.0 52 4.1 3838 1.35 0.85 16.6 



MEAN DAILY NUTRIENT(Group - II) 

Protein F-3t CHO Energy Calcium Iron Vit. C Fiber B.Caro- Thiamine Rjbo- Nlacin  

- 
Cru e tene flavin 

P1  69 51 256 1717 0.47 19.8 50 2.26 2064 1.39 0.84 12.1 

p2  61 67 390 2563 0.76 28.4 30 6.4 2608 1.34 1.17 16.1 

P3  56 64 353 2224 0.43 44.5 39 4.3 1230 1.35 1.53 19.7 

P4  71 58 337 216 0.39 29.23 49 3.63 3539 1.53 1.27 19.2 

P5  67 63 325 2154 0.67 17.3 38 3.5 3181 1.48 1.01 14.34 

p6  48 39 297 1883 0.37 15.9 37. 3.33 5889 1.3 0.99 14.22 



A P P E N D I X - VII 

BLOOD GLUCOSE LEVELS OF SuBJECTS BEFORE AND AFTER FEEDING (Gruo - I) 

BEFORE suPLEMEi"rATION AFTER 3JPPLEMEr'TATION 

Fasting One hour 2 Hour Fasting One hour 2 Hour 
after break- after break- after break- after break- 
fast fast fast fast 

p1  160 215 180 155 225 190 

p2  173 235 205 165 205 180 

P3  140 180 159 130 160 145 

P4  180 219 210 170 220 205 

P5  145 230 180 130 210 160 

p6  175 235 

- ----------------------------------  

205 160 200 

- - - -  

185 

- - - - - - - 



BLOOD GLUCOSE LEVELS CF SuBJECTS BELXR.E AND AF,rER FEEDING (Group 

BsFc RE SuPLEME1rA'rIcN kFrER SUPPL----qE[,Tjk,rION 

Fasting One hour 2 Hour Fastiüg One hour 2 Hour after break- 
fast 

after break- 
fast 

after break- after break- 
fast fast 

p1  170 250 200 160 235 200 

p2  190 225 200 180 220 200 

p3  182 220 210 176 220 205 

p4  160 215 180 150 210 175 

p5  140 220 175 145 230 190 

p6  190 230 236 193 239 245 


