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I .  INTRODUCTION

"Health is man 's natural condition, hiS birth slight. It 

i*  the result oi living in accordance with the natural laws 

pertaining to the body".

The world wide disorder, diabetes mellitus is recognised 

as a growing problem in developing countries due to the continuing 

advances in urbanisation and industrialisation.

The disease is very common in India, with the overall 

prevalence rate oi 1.8 per cent amounting to less than 12 million 

diabetics in the country (G iri et_ a l. , 1987). According to Abuja

( 1979) the prevalence oi diabetes in South India is signiiicantly 

higher in subjects whose income is above the mean and the

prevalence is high among urban Indians.

Ramachandran (1986) reports that the prevalence was 

highest among Indians in 1975 and 1985. Diabetes is more

prevalent in men than women. The ratio being 1.3:1.

Among U.S. population Non Insulin Dependent Diabetes

mellitus is more prevalent in women than men. In Bangladesh

male/iemale ratio is 7:1 (Ibrahim, 1962) ♦

Diabetes, the most common metabolic disease is responsible 

ior most oi the deaths occuring in India. It is a clinical 

syndrome, characterized by Hyperglycemia, due to deiiciency or 

diminished eiiectiveness in Insulin.
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Viet playA an important Aole in a il diAeaAZ conditionA. 

The diet should be well balanced with caAboh.ydn.ate, pAotein,

{\at, minZAalA and vitaminA. Inadequate caioAieA, vitaminA and 

pAoteinA in the diet cauAZA impaiAment of physical efficiency, 

imped.A A physical fitneAA and muAculaA weakneAA.

A well balanced diet should be modified accoAding to the 

diAeaAZ conditionA. Modification may be made in the balance of 

nutAientA Auch aA high oa low pAotein, caAbohydAate, fat, mineAalA 

and vitaminA(Sue Rod IxliltiamA, 1984).

Viet AemainA the coAneAAtone foA diabetic patientA 

eApecdally non inAulin dependent diabeticA. The dietA which one 

Aich in fibAe content aeemA to be veAy effective in Aeducdng the 

blood AugaA leve l aA well aA blood choleAteAol leve l in diabetic 

patientA.

AccoAding to KAitchevAky and Uahouny(1985) fibAe iA

defined aA "endogenouA componentA of plant mateAial in the diet 

which oac ACAiAtant to digeAtive enzymeA pAoduced by man. They 

aAe pAedominantly non AtaAch polyAacchaAideA and lignin and may 

include, in addition aAAociated AubAtanceA".

RevelleAe et_ a l, (  1980) pointA out that plant fibAZA might 

have a theAapeutic effect on glucoAe contAol and AZAum UpidA in 

diabetic patientA. The gAeat paAt of theAe AtudieA have been

done with fibAe added to mealA, in foAm of guaA gum, pectin, 

wheat bAan and theAefoAe the impAovement in glucoAe contAol waA 

ob tained. Indian dietA like  whole gAain ceAealA, legumeA, 

vegetable ŝ and fAuitA oaz Aich aouacza of fibAe. One of the
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method* o{ incorporating {ibre in the. diet i*  through legume*.

Jenkin* (1982) *tate* that legume* are rich  *ource* oh

*oluble hibre. When i t  i*  incorporated in the diet the level*

o{ both *erum chole*terol and triglyceride* have {alien.

Vecrea*e* in *erum triglyceride* in diabetic patient* on increased 

carbohydrate high {ibre diet* were al*o reported by Ander*on

and Ward (1978), and Albrink et a l, (1979).

Glycemic Indexi* ba*ed on the blood gluco*e re*pon*e to 

the {ood in compari*on with the re*pon*e to an equivalent amount 

o{ gluco*e. Studie* have indicated that the leguminou* *eed*

produced lower blood gluco*e re*pon*e* than cereal product* and

may be incorporated into therapeutic diet* {or diabetic* (Jenkin* 

eX a l., 1984).

Leguminou* *eed* have been *hown to be potential bene{it 

to diabetic* either in a te*t meal *ituation or a* part o{ a total 

diet plan. Legume* were con{irmed a* potential *ource* o{ *lowly 

dige*ted or *u*tained relea*e carbohydrate {or u*e in the diabetic

diet. They are not only e le c tiv e  in diabete* but have a

bene{icial e{{ect in lowering blood chole*terol level.

Studie* have been done on the role o{ di{{erent type* o{ 

{ood* in reducing the blood *ugar level like E{{ect o{ {enugreek 

on blod gluco*e level, and E{{ect o{ bitter gourd in reducing the

blood *ugar level.

The glycemic Index o{ the many Indian {ood* are not

known. Glycemic Index o{ {ood* in India i*  *carce e*pecially 

in Tamil Nadu. Analy*i* o{ glycemic Index {or the commonly

con*umed {ood* i*  very important in the development o{

therapeutic *cienc'ie.



4

In this line., the. present 'Study has been piamed with the 

hollowing speoihic- objective*:

7. Study the glycemic response oh diabetics

supplemented with a legume hibre diet

2. Compare the glucose lowering e^ect oh ([our 

dihhen.ent legumes commonly used in Indian 

dietaries.

3. Find out the ehhect oh the legume hibre supple­

mentation on the blood cholesterol level.



JletJtefa of ^literature



I I .  REVIEW OF LITERATURE

The. n.e.vie.w oh literature pertaining to the study on "Ehhect 
o{ Supplementation oh legume bibn.e on blood glucose and cholesterol 
in selected d ia b etics’ presented under the following headings:

A. Prevalence oh Diabetes Mellitus

B. Management oh Diabetes Mellitus

C. Complications in Diabetes

D. Glycemic Responses oh Diabetic Patients to •
Various Foods.

A. PREVALENCE OF DIABETES MELLITUS

Diabetes mellitus is a heterogeneous primary disorder oh 

carbohydrate metabolism with multiple etiologic hacio/L/f> that 

generally involve absolute or relative insulin dehiciency oh insulin 

resistance or both. All causes oh diabetes ultimately to

hyperglycemia, and glycosuria which are a hall mark oh this 

disease syndrome(Olehsky, 1985).

Diabetes can be classihied into two brocu.d varieties. The 

individual totally or almost totally lacking insulin termed as 

'Juvenile Onset' or 'Insulin Dependent' or 'Ketosis Prone’ type 

oh diabetic,since without insulin, death may occur in keto acidosis 

within a matter oh days.

At the other end oh the spectrum is the 'Stable' or

’ Maturity Onset11 or 'Non Insulin Dependent’ individuals in whorn

there is relative dehiciency oh insulin (Alexander Marble et

cd.,1985).

N1DDM is associated with obesity in more than 80% 

patients, suggesting the possibility that this type oh diabetes
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m v j be due to dfs o rdered

 ̂mechanism oh appztitz n.zgulation on. zn.zn.gg zxpzndituAZ. According 

to HaJtlpuA ch(1987) thz etiology oh type U diabztz4  i*

hztzn.ogznzouA.

Etiology

Cahill( 1978), Bn.ay (1979) and Kzzn and Jan.n.ztt( 1979)

zxplainthz development oh matuAity onAzt diabztzA and put*>hon.th 

thz hollowing cau^Z's :

Strong gznztic prz- 
di*po*ition(*urvival 
value*, tparing car- 
hydrate and protein)

.

Dzcrzatzd physical 
activity. Increased 
energy intake

.1

Obesity

Fun.thzn. im'peUn.mznt o', 
glucose tolzn.ancz __

Vzcn.za*zd physical 
activ ity

Food4 with n.apid 
abn>on.ption

1
1

________ i________

Manihztt diabztz<6

Zawadzki and Ravu66in(1988) 4ugge4t4 that thz n.zduczd 

thzn.mic zhh^ot oh glucose n.zpon.tzd in obz6Z NWVM patient* i*  

pn.ipiily caused by an impairment oh thz gluco*Z uptakz and 

*ton.agz rate* duz to pzn.iphzn.al remittance.
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According to Hoskins eX at, (1989) the. prevalence oh 

diabetes mellitus is variable in the global population. The 

prevalence may be due toimproved nutritional state, urbanisation 

and increas ed lihe expectancy.

The disease is very common in India, with an overall 

prevalence rate oh 1.8%(Giri eX al., 1987). In South India the 

prevalence oh diabetes is high among urban Indians. According 

to Mohan et_ al,(1989) obesity is an important risk factor in 

diabetes. Ramachandran eX al_s(1986) tells that only quarter oh 

the diabetics are obese, but obesity is more common in women. 

The prevalence oh Insulin dependent diabetes (1VVM) is believed 

to be low in Indians. Most oh them, are Non Insulin Dependent 

Diabetics. ,

Incidence

According to West ( 1978) the rate oh juvenile diabetes in 

U.S. is roughly 7 times greater than in Japan. Wiswanathan eX_ 

al( 1985) states that history oh diabetes was obtained in

40% oh patients in USA and 60% in India. The incidence oh 

diabetes has been reported Xo be much greater in some genetic 

subgroups than in the general U.S.population. These group include 

pima Indians(Knowler and Pettitt eX_ aJL, 1987) mexican(Paisey et_ 

a l., 1987) and mexican American (Rosenthal et_ al_., 1987) puerto

Ricans, Oklahoma Indians, Australians Aborigines and micronesians.

Snehalatha eX 0^,(1981) that patients in USA ate more

hat and less carbohydrate compared to the patients in India. 

The diet oh Indian patients are strikingly high in starch and hd-bre 

contents. The protein content oh the diabe Xic diet advocated

7
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in India(Madna*) i t  high due. to the addition oh vegetable, pn.ote.in. 

Mostly animat pnotein* one included in the we*tenn diet.

Pn.edi6poM.ng Facton.*

Henedity i * involved in the development oh diabete* on 

i t * metabolic vaniation* that lead to va*culan complication*. Fnom

the *tudie*, i t  i * now appanent that genetic {[acton* one

predominant in NWDM.

Lee et al(l981) *tate* that obesity i * a majon detenminant 

in the etiology oh NWVM. He al*o noted that an inven*e 

nelation*hip between *ugan intake and eithen obesity on diabete*. 

Thi* inven*e nelation*hip between *ugan intake and obe*ity a* 

well a* decnea*ed gluco*e tolenance wa* conhinmed by Keen eX

al(1979) in Bnitain.

Vinal Facton

Sevenal vinu*e*, including mump*, nubella and cox*ackie 

one being inve*tigated. The inequency oh any cox*ackie vinal 

antibody wa* *ignih*cantly highen in young Keto*i* Re*i*tant 

Diabetic* (VKRV) 80% and Voung Keto*i* Pnone

Diabetic* (VKPD) 6 5% (Singh et a t., 1980).

Sine**:

Inhectiou* di*ea*e* *uch a* influenza, pneumonia and *canlet 

ieven, accident* on tnauma on the phy*iologicai *tne** oh

pnegnancy may pnecipitate *ymptom* oh diabete*. Di*ea*e* oh

the liven, gall bladden, thynoid, pituitany, and pancnea* cine 

hnequently a**ociatedd with diabete*.

Tnace Minenal*

Diabetic* excnete incnea*ed amount* oh Zinc in thein unine 

and that thein pla*ma leucocyte and enythnocyte Zinc level* ane
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e d u ce d .  A nother trace element possib ly involved in diabetes 

mellitus and glucose intolerance. is chromium (Krause., 1984).

Shukla( 1987) points out that in a diabetic person there 

i6 a marked alteration in the metabolism oi lip ids(fa t) which

on one hand causes down ward trend in the synthesis oi fatty

acids, while on the other hand the rate oi Oxidation increases ,

thus the ability to dispose ofa the end products oi fatty acids

is reduced. This results in an accumulation oi Ketones, due to 

which pH oi the blood is lowered this leads to acidosis or 

ketosis which may lead to coma and death.

According to Shah (1983) in normal subjects glucose faows 

out oi the pool exclusively into the peripheral tissues where 

i t  is metabolised to provide either energy or substances which 

take part in various synthetic processes. In diabetic patients 

a variable amount oi glucose is lost faom the pool into the urine, 

to an extent oi 50-100 g per day or more.

In deed most oi the Sugar in the human body is tied .up

in the glyco proteins. The glycoproteins are components oi

delicate membranes, all cells and the thicker structures upon

which most cells rest. Glycoproteins also appear to be involved 

in the in itia l development oi the disease by afaecting the insulin 

producing pancreatic beta cells. Glycoproteins constitute a major 

metabolic path way oi glucose utilization.

Spiro ( 1980) faund that the kidney falter consists oi a

basement membrane to which cells are attached. In diabetes this 

basement, membrane thickens considerably and falter loses its 

selectivity so that valuable proteins are lost in the urine.
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8 . MANAGEMBtirOF DIABETES MELL1TUS

InAulin adminiAtrationA and commen.C4.al insulin preparationA 

have been the corner Atone ol treatment ol 1VVM.

In IDVM there may be hyper inAulinemia bat the inAulin 

iA not eUectlve becauAe ol aberrationA on. a decreaAe in the 

number ol inAulin receptor AiteA.

Qn.aH Hypoglycemic Agent-6:

An antibacterial Aullonamide that waA {',ound to decrease 

blood glucoAe. SullonylureaA may poAtpone the development ol 

Impaired glucoAe tolerance ( l GT) to manileAt NWVM. Newer

AullonylureaA, Auch aA glip izide and glybujdjde Aeem to be equally 

e le c t iv e  in reducing blood glucoAe levelA(Arne Melander, 19V ).

EUect of) High Fibre Viet in DieabeUU MellituA

hAichalek {19V ) delineA dietary lib re , iA the portion ol 

the hood that the human digeAtive ayAtem cannot digeAt. HumanA 

do not have the enzymeA neceAAary lo r  breaking down the 

Atructural partA ol plantA Auch aA AkinA, AtemA, AeedA and pulp.

Fibre AlowA the digeAtion and abAorption ol Iru lt

Augar(lructo . Ae) and keeping the blood Augar level on an even 

in contract to rapidly riAing and quickly pulmmeting levelA when 

concentrated AweetA are eaten.

Fibre haA moAt recently been delined aA "endogenouA

componentA ol plant material in the diet which are reAiAtant to 

digeAtive enzymeA produced by man. They are predominantly 

nonAtarch polyAaccharideA and lignin and may include in addition 

oAAociated AubAtanceA" (ProAky, 19V ).
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According to Trowell (1974) dietary {ibre has been de{ined 

physiologically as the sum oh polysachoxides and lignin not 

designed by the endogenous secretions oh the human G.l. tract.

Dietary {ibre is {ound only in plant pro ducts-{/wits, 

vegetables, nuts and grains. The most concentrated sources o{t 

dietary {ibres are whole grains, especially wheat bran. Because

o{ their higher water content, {/wits and vegetables provide less 

dietary {ibre than the drier grains. Cooking o{ {oods can cause

browning reactions that increase the apparent {ibre content o{ 

the {ood, since the browning products are analysed as lignin. 

Oatmeal is low in dietary {ibre, but much o{ that {ibre may be
been

gums. Gums have shoven to decrease serum

cholesterol (Vahouny, 1982) and stabilize or reduce blood

glucose(Anderson, 1982).

Legumes appear to be the champion o{ {ib re sources.

How much {ibre do we eat? Some approximations o{ 

desirable dietary {ibre intakes have been presented and range 

{rom 25-50 gm dietary {ibre per day according to Stephen(1981) 

and Mendelo{{( 1977). ,

Eastwood ( 1986) states that the total dietary {ibre content 

o{ the diet is about as use{ul as stating the total vitamin content 

o{ the diet. Certain dietary {ibre components have been {ound 

e lec tive  in the treatment o{ constipation, diverticular disease, 

diabetes and hyper cholesterolemia.

According to Simpson ed_ al_(1981) until recently the 

traditional diabetic diet contained 40% o{ total calories as 

carbohydjux&z. Recently Jenkins et al(1980) points out that High
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hibre diets, comprising upto 75% oh their total caloric intake, a-s 

complex can.bokgdn.ate have allowed neduction on. even withdrawal 

oh insulin use in diabetics.

High Can.bohgdn.ate diet, low in Dietarg Fibre showed no 

quantitative improvements in glgcemic control. High carbohgdrate 

High Fibre diets did show improvements in glgcemic control(Arkg 

et a l., 1982). According to Bierman (1985) High carbohgdrate, 

High hh-bre, low hai diet havourablg inhluences the reduction oh 

risk ha(Fi-ors ho* the development oh atherosclerosis.

Legumes contain High concentrations oh water soluble

components such as Pectin or guar gum and produces a honourable 

glucose and insulin response which signihicantlg reduces serum 

cholesterol.

UhajC ever the etiologg oh diabetes, ang dietarg hootor 

which shows down the entrg oh glucose into the blood stream 

is like lg  to retard to reduce the expression oh the disease. 

There is ample evidence that dietarg ĥ -bre can plag such a 

role(Rogal College oh Phgsicians, 1980).

Soluble hytbres such as pectin, mucilage and guar are partlg 

digested and absorb water in Cl tract, homing a bulkg gel. 

This gel slows the emptging time oh the stomach contents, 

delaging the absorption oh carbohgdrate which aids in preventing 

the rapid inhlux oh sugar into the blood > 1^8*0.

Simpson et al(1981) conhirmedin a well controlled studg 

that a diet containing large amounts oh legumes caused a modest 

reduction in h ^ i^ 9  and P06  ̂ p*andial glucose levels.
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Rivellese eX al (1981) ct2.an.ly de.mon6tn.atcd that a normal 

car bo hydrate, fibre rich diet improves metabolic control in 

diabetic patient6.

' Mainly soluble fibres w ill have a beneficial effect on post 

prandial plasma glucose and insulin levels (Eugenio eX a l . , 1988).

The can.bohydn.ate undefined-which is to say i t  was both

absorbable and Non absorbable carbohydrate(NAC). Non

absorbable carbohydrate and the non carbohydrate lignin together 

constitute dietary fibre . Diets high in unrefined carbohydrate 

either do not lead to any deterioration or may actually improve

carbohydrate control in Maturity Onset Diabetes (MOV).

Effect of Fibre on Insulin and Glucose Metabolism:

Ricardi et cd(1984) demonstrated that fibre has effects

which are independent of dietary carbohydrate. It must also

be noted, that some evidence which suggests that fibre may be 

effective in reducing glucose and insulin levels when given in 

low carbohydrate diets.

Dietary fibres have been used successfully to treat

diabetes with a reduction of the doses of insulin or hypoglycemic 

dru .gs(UJolever eX a l. , 1978). The leguminous seeds are a rich

source of dietary fibre in the form of galactomannans which are

more viscous than the dietary fibre present in rice  and wheat. 

Jenkins et ai_.(1978) had noted that guar gum a highly viscous 

substance reducing plasma glucose level.

A number of studies indicate that leguminous seeds (Grande 

et al, 1978) may lower the serum cholesterol in man and more

recently legumes have attracted attention due to relatively flat

blood glucose response they produce by comparison with their

carbohydrate foods (Jenkins eX cd_., 1981). Simpson et al(1981)
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'State* that when diabetic pattents were f e d  diets ^lich in 

leguminous seeds, in addition to improved glyceride level's were 

'Seen.

More recently 'Studies by Anderson et_ al(19&3) using high 

libre diete aimed at improving diabetic conteol. According to 

Walther et al(1983) legumes also contain  oc -amylase inhibitors 

a proportion ol which may survive cooking. It is possible that 

these are substances like them(Phytates) may also have an eUect 

in reducing the rate ol digestion and i t  is ol interest that an 

anti amylase antisucrase which has been developed by 

pharmaceutical industry has been tested as a potential triglyceride 

lowering agent.

Potter et_ aL.{19t>l) reported that the glucose responses 

in healthy were similar when either pito beans or all bran cereal 

was consumed. When single loads were consumed the glucose

response - mas lower alter consumption ol legume seeds than ol 

all bran cereal.

Jenkins et al.(19&2) sho wed when Lentils were consumed 

at break last there is low post lunch glucose response. Then 

Fleming et al_.[19ii) suggested that the low glucose responses 

observed alien both breaklast and lunch re jec ted  a lasting eUect 

ol legume seeds on attenuating post prandial glucose response.

According to Mohan et_ al_. (1 983) the High carbohydrate 

High Fibre diet helps in rapid as well as sustained control ol 

hyper glycemia, helps to bring down hyper lipidemia and also 

aids to reduce the dose ol anti diabetic drugs considerably.
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Barbra Hagander (1988) concludes that the blood glucose 

levels were lower in NIVVM patients aiter the. consumption oi High 

iibre diet. The High iibre  diet also resulted in lower levels 

oi total cholesterol. The post prandial glucose responses to 

leguminous iood and beet iib re  meal are known to be flatter than 

lor other low iibre  meals. There is also decrease in the LVL 

cholesterol levels.

Abhimanyv. et cd(1988) conclude that the partial replacement 

oi complex digestible carbohydrate with monounsaturated iatty 

acids in the diets oi patients with N1VVM did not adversely aiiect 

plasmalipo proteins and may improve glycemic control. Diets with 

higher proportions oi mono unsaturated iatty acids may be more 

palatable than low iat, high carbohydrate diets.

According to Mancini et_ al_. ( 7 980)normal carbohydrate, 

iibre rich diet gives better blood glucose control in diabetic 

than a traditional low carbohydrate (normal iib re ) diet. Fibre 

reduces both total and LVL cholesterol and total and VLVL 

triglyceride in the blood without major changes in the other 

lipoprotein classes. Fibre has a hypotriglyceridemic eiiect.

In N1VVM current evidence, suggests that high iib re  diets 

may oiier some improvement in carbohydrate metabolism, lower 

total cholesterol and LVL cholesterol and have other beneiicial 

eiiects. The present level oi iib re  intake is 15-30 g per day 

and i t  should be gradually increase to about 40 g per day (or 

25 g per 1000 Kcal). Foods should be selected i>10m a wide 

variety oi choices to include both soluble and insoluble types 

oi iibre(JAVA Newsprint).

Kris et al( 1986) tells that relatively small amounts oi 

legumes and beans in particular (100 to 150 g dry weight) can
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be added to the diet without much dificulty and lowest both 

plasma and TGL-*. Diet* very high in both c arbohydrate and

fibre favourably affect lasting plasma triglyceride* in 

hypertriglyceridemic individual*. According to Shanma (1984) 

legume* a/te rich  Aounce* of fibre in Indian diet*. Pectin and

gum* {\orm major component* of legume fibre . When given in 

bengal gram lowered the chole*terol content* of *erum liven.

Exerci*e:

Along with diet, drug*, education, exerci*e form* the 

{\ourth corner Atone* in the management of diabete* mellitu*.

Benefit* of ExenciAe:

ExenciAe lead* to improvement in metabolic control.

ExenciAe facilita te* reduction in the do*age of inAulin and

oral drug*.

ExenciAe help* in weight reduction.

Exerci*e lead* to lowering of blood pre**ure which i*

commonly elevated in Diabete*.

ExenciAe help* in reducing blood level* of VLDL and LDL. 

ExenciAe lead* to improved phyAical fitne** and Atamina.

Proper exerci*e i*  very u*eful and *afe(Talwalker, 1988).

Education

"The American HoApital A AAociation Bill of Right*" Atate* 

that i t  i*  al*o the legal re*pon*ibility of the medical profe**ion

to the health care con*umen to provide patient education a* part 

of the total health care given(Krall, 1975).



Aims oh Nutritional advice, jor Diabetics:

To maintain ideal body weight

To maintain on. improve. glucose tolerance

To maintain as man. a* practicable. Euglycaemia.

To maintain normo lipidemia including cholesterol, 

triglycerides and HVL.

To allow ample physical activity (Flint, 7 979).
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c .  COMPLICATIONS IN DIABETES MELL1TUS 
Acute Complications

Diabetic Keto Acidosis {DKA) is due, to insulin deficiency. 

This occurs mostlyin Insulin Dependent Diabetes mellitus when 

there is insulin tack through, eitheri deliberate or unavoidable 

omission oh prescribed insulin injections, an injection, surgical 

operation or other stress. Keto acidosis does not usually appear 

in maturity onset diabetics. The symptoms include th irs t, dry 

moutht f£ix4hed ^ace, nausea, vomitting, abdominal pain,, cold and 

dry skin, characteristic acid breath(Keto acidosis), dihhicult 

breathing, head ache, dizziness, pain inback and legs.

Hypoglycemia

Insulin reactions occasionally experienced by diabetics 

result hrom the sudden decline oh the percentage oh glucose in 

the blood-hypoglycemia.

Signs and Symptoms

Sympathetic-halntness, weakness, pallor, tremulous ness,

nervousness, anxiety, irr ita b ility , hunger, palpitations, 

tachycarida and Diaphoresis.

Neuroglycopenic -  Blurred vision, Diplopia, Lethargy, head 

ache, Inability to concentrate, loss oh memory, collision , 

paralysis seizures coma.

Chronic complications

Retinopathy

Retinpathy is a common and serious complication associated 

with Diabetes meUitus and increases with duration oh the disease.
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In USA more than 50% older on*et diabetic* have thi* complication. 

Prevalence rate in India i*  very low. Hypomegne*ia i*  believed 

to be a ri*k  factor lor retinopathy (Raheja eX d . , 19&S). A recent 

■study *how* that diet rich in pul*e* (lentil* and dry legume* ) 

and vegetable* but limited in animal load* may have some 

protective action agaln*t the development ol prolllerative diabetic 

Retinopathy (PVR) .

Nephropathy

According to Bhupendra Gandhi(19&&) diabetic Nephropathy 

i*  the mod important single disorder leading to renal lailure 

in adult*. Approximately 4-0% ol IddM and 0.25 to 7% ol NlddM

patient* progre** to renal in*ulliciency and renal lailure. There 

are 5 *tage* in Nephropathy.

Stage 1 -  Hypertrophy and Hyper lunction ol kidney*

manile*ted by enlarged kidney* with increased glomerular liltration  

rate.

Stage I I -  Hi*topathology -  No clinical *ign* and Symptom*, 

but rend le*ion i*  pre*ent.

Stage 111- Thi* *tage i*  lound alter 10 to 15 year* ol

diabete* and characterized bymicro albuminuria along with 

hyperten*ion.

Stage IV- develop* alter 15-20 year* ol diabete*. There

i* overt prtoeinuria with hyperten*ion. Glomerular liltration Rate 

i*  dimini*hed lor the l ir * t  time.

Stage V- develop* alter 20-25 year* ol diabete* and i*

characteri*ed by end *tage rend di*ea*e.

Neuropathy -  diabetic neuropathy i*  perhap* the mod 

common di*abling chronic complication ol diabete*.
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Degenerative va*cular complication*

The increa*ed Hie 'Span oi the diabetic made po**ible by 

improved control oi the di*ea*e. The va*cular di*ea*e i*  oi 1 

type*.

Athero*clero*i* -  It i'S not *peciiic to diabetes, but i t  

generally develop* at an earlier age in diabetic* and i*  the major 

cau*e oi death inpatient* with maturity on*et diabete*.

Microangiopathy -  It ha* been dated that microangiopathy 

i*  *een clinical *ymptom* oi diabete* and thu* i*  independent 

oi the hyperglycemia metabolic change* oi that di*ea*e.

According to Vandona et_ al_ (1981) blood ve**el* in 

diabete* may re*pond to anoxia and hypercapnia in *uch a way 

that compen*atory ia ll* in va*culaA re*i*tance may not occur. 

Pre*ton(1978) iound that thepathogened* oi *mall ve**el di*ea*e 

in diabete* i*  poorly underdood. Diabetic microangiopathy i*  

generally regarded a* a pathological abnormality oi the 

endothelial lining oi *mall ve**el.

Herman(1982) demondrate* that when diabete* develop* 

*erum uric acid level ia ll*  and continue* to decrea*e with 

increadng duration oi the di*ea*e. Uric acid excretion i*  

enhanced by hyperglycemia. Thi* enhancement i*  independent 

oi diured*. Obedty i * a**ociated with high *erumuric acid and 

obedty precede* diabete*.
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V. GLVCEM1C RESPONSES OF DIABETIC PATIENTS TO VARIOUS 
EOOVS

The. teAm ' Glycemic Index' hat been applied to the deqn.ee 

ol blood glucote Aetponte to the ingettion oi tp e c iiic  can.bohydn.ate 

ioodt in compaAiton with the Aetponte to a ttandaAd load, 

utuaully 50 g glucote on. at timet, one t l ic e  oi bn.ead( Alexander 

Ma/ible, 191,5).

According to Gannon and Nuttall ( 1987) the puA^pote oi 

thete detenminationt, it, to tyttem atica lly Aank ioodt with Aetpect 

to thein. quantitative e iiect on pott meal glucote concentnation.

Facto At ajjecting ttaAch digestibility and the qlycemic Aetponte 

to lequminout t>eedt>

Dalton et a l( 1 979) have t>hown that legumet produced 

decAeated blood glucote Aetpontet composed with othen. High £ibne 

ioodt. Legumet, an.e an abundant touAcet oi antinutniantt,. They

contain enzyme inhibitoA t, le c tin t, taponint, phytatet and tannint. 

Amy la te inhibitoAt have been t>hown to tuAvive cooking and 

inhibitoAt oi bactenial onigin neduce the note oi ttaAch digestion 

and the glycemic Aetponte.

Jenkint et a l( 1984) pnetent Aet, u ltt indicate that white 

pea bean tubttitu tioninto a te tt meal in place oi bAead Aeduced 

the glycemic Aetponte oi N1VDM by moAe than 50%. HoweveA 

unlike the N1VVM Aet,ultt>, no tign iiicant Aeduction wat teen with 

IVVM patientt.

Jenkint (1984 ) Aetultt demonttAate that the d ig e ttib ility  

oi a iood i t  lik e ly  to be an impoAtant deteAminant oi i t t  

glycemic Aetponte in d iabetict. The incAeated caAbohydAate 

intaket thould be in the ioAm oi 'Complex' CaAbohydAate high
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iib rz  ioodA Aincz diztA high in iib rz  and high in can.bokydn.atz 

kavz bzzn Ahown both to reduce blood glucoAZ zxcurAionA acatzly 

and in thz long term to improve many aApzctA oi diabztic control. 

Tkz dietary iib rz  guar waA Ahown to reduce thz acutz glyczmic 

rzAponAZ in normal Aubj'zctA. In addition Apzciiic low glyczmic 

index ioodA, iz . IzguminouA AzzdA have bzzn Ahown to bz oi 

potential benefit to diabzticA. LzgumzA were coniirmzd aA 

potential aoutcza oi Alowly digZAtzd on. "SuAtainzd relzaAZ"

Can.bohydn.atz ion. uaz in thz diabztic diet.

Low iib rz  diet containing Auch low glyczmic ioodA aA 

noodlzA(low iib rz  diet pn.odu.czd lower poAt prandial glucoAZ and 

inAulin rzAponAZA. It appzarA that iib rz  iA only one iactor that

may reduce thz rate oi digZAtion oi a iood and attenuate poAt 

prandial nutrient and endocrine rzAponAZA with poAAiblz aAAociatzd 

metabolic conAzquzncZA. Thz altzrnationA in thz nature oi thz 

iibn.z zatzn waA re je c te d  in thz incrzaAzd uaz oi low glyczmic 

Index ioodA Auch aA oatA, banlzy and IzgumzA,which are rich  in 

Aolublz iib rz . Oi intzrzAt waA thz reduction in urinary creatinine 

and urea outputA on thz low glyczmic index diet(ThompAon, 19S3).

According to Janzl KalmuAky (19&6 ) Aolublz and viAcouA 

iibAZA were moAt z iizc tivz  in reducing poAt prandial blood glucoAZ 

and inAulin I zv z I a . Thz Aolublz iibrzA eg: IzgumzA and oat bran 

wzaz alAo iound to be thz moAt conAiAtzntly uAziul in thz

management oi diabztZA and hyperlipidemia. Thz iact that low 

glyczmic index ioodA tend to bz higher in iib rz . Thz przAzncz 

oi thz ao called anti nutrizntA[lzctinA, AaponinA, phytatzA, tanninA 

e tc .) rzAponAiblz io r  thz low glyczmic index oi certain ioodA.
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Upneja and Kanmanken (1988) conclude.* that the. fib>ies 

containing conjugated canbohydrate* like galactomannans one mone 

e le c t iv e  in thein hypoglycemic nesponse.

According to 8 ehall (1988) plasma insulin nesponse was 

significantly lowen 30 and 60 minutes often, the amylose meal than 

often, amylopectin meal. Thenefone the sustained plasma levels 

aften. the amylose meal with neduced insulin nequinement suggest 

that amylose stanch may be of potential benefit to conbohydnate- 

sensitive individuals on individuals with diabetes.

The small weight loss on the low glycemic index diet did 

not nelate to l ip id  changes. Low glycemic index diets may be 

of use in the management of l ip id  abnonmalities associated with 

hypentniglycenidemia.



^ e f l j o b o l o g y



III .  EXPERIMENTAL p r o c e v u r e

Tke. e x p e A im e n ta l  p A o ce d u A e  i o l l o w e d  in  th e  pAe.4e.nt 4 tu d y  

on th e  "E U ect oi Supplementation o{, Legume FibAe on Blood Glucose 
and Ch.ole4ten.ol Level4 in Selected ViabeticA” i4  p n .e4 e n te d  u n d e a  

th e  f o l l o w in g  h e a d in g 4 :

A. S e l e c t i o n  o i  t h e  L e g u m e 4

8. S t a n d a A d i 4 a t i o n  o i  R e c i p e

C. S e l e c t i o n  o i  t h e  A A e a

V. S e l e c t i o n  o i  S u b j e c t A

E. S u p p l e m e n t a t i o n  o i  E i b A e R i c h  V i e t

F. E v a l u a t i o n  T h A o u g h  G l y c e m i c  R e 4 p o n 4 e

G. E v a l u a t i o n  T h A o u g h  B l o o d C h o l e 4 t e A o l  L e v e l 4

A. Selection oj the LequmeA

The whole legume4 one a. Aich 4ouA.ce oi dietaAy iibAe in 

the diet4 and theiA e iiec ti vene44 in c ontAolling the blood gluco4e 

leve l, and loweAing blood chole4teAol leve l have been 4tne44ed 

by 4eveAal nutAitioni4t4(Jenkin4, 1984 and A ndeA4on, 1984). Hence 

{,oua legume4 weAe 4elected £oa the pAe4ent 4tudy a4 the 4ouAce 

o{, iibAe ioA 4 upplementation. t t  wa4 al4o a4ceAtained that the 

legume4 4elected iu liil le d  the following chaAacteni4tic4:

1. The legume4 we>ie iamiliaA to the AubjectA

2. They contained maximum amount oi iibAe

3 4 The legumeA weAe capable oi 4upplying minimum

canbohydAate and pAotein oi good quality, and

4. Ea4ily dige4tible.
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Thz hoar IzgumZA thuA Azlzctzd uizrz:

7. Bzngal gram

1. Vry pzaA

3. gram

and 4. HorAZ gram

B. StandardiAation oj thz rzclpz

Sandal cuaA Azlzctzd aA thz mzthod oh incorporation oh 

IzgumZA in thz dizt oh diabzticA bzcauAz:

1. ThiA wcia a traditional przparation oh Tamil Nadu

All thz hoa>l IzgumZA Iznd thzmAzlvZA ho** 1 thiA
t- •

przparation.

and 3. Przparation and diAtribution to thz AubjzctA waA

zaAy.

UAing a panzl oh TO AtudzntA h/lom T1 M.Sc.  claAA aA 

judgZA, thz przparation oh Aundal uiaA AtandardiAzd and thz 

Atandard rzcipZA thuA hinaliAzd arz givzn in Appzndix 1.

For hon.thzr diAcuAAionA thz hour AtandardiAzd rzclpzA arz 

rzhzrrzd aA tzAt diztA V-T , V-2, V-3and V-^-aA givzn bzlow.

V-T Bzngal gram Aundal

V-2 Vry pzaA Aundal

V-3 Grzzn gram Aundal

V-4 HorAZ gram Aundal

Thz houA rzcipZA thuA AtandardiAzd and uAzd hor Aupplzmzntation 

arz przAzntzd in Platz 7. Thz total nutriznt compoAition oh 50$ 

oh thz houA htbrz AupplzmzntA htna^ z d  arz przAzntzd in Tablz 1.



THE STANDARDISED SUNDAL PREPARATIONS 

OF THE FOUR SELECTED LEGUMES

PLATE - 1



TABLE 1

NUTRIENT COMPOSITION* OF THE FOUR TEST V1ETS(Amount 50 g)

Viet Legumes Carbohydrate
________________ 9

Protein
d

Fat
f)

Fibre
8

V-1 Bengal gram 30.5 9.0 2.7 2.0

V-2 dry peas 28.6 9.8 0.5 2.2

V-3 Green gram 28.3 12.0 0.6 2.0

V-4 Horse gram 28.6 11.0 0.2 2.6

*Nutritive value, o{, Indian Foods (1CMR, 1984).

C. Se.le.cUon oh the. Area

The Arulvel Clinical Laboratory in Tirupattur town in North 

Arcot d istrict wasi selected ôh. the study because, there were 

adequate number oh diabetic patients available, the authorities 

oh the clinic were very much co-operative and helpful.

d. SelecUon oh the Subjects

All the diabetic patients attending the Arulvel Clinic in 

Tirupattur town were observed and twen ty  Non- insy-C* Dependent 

diabetics (Type 11) were selected hor the study.

The subjects selected consisted oh 12 males and 8 females, 

all oh them doing moderate work, and were between 30 to 55 years 

oh age. The duration oh their diabetes range ĥ om 2 to 10 years. 

These twenty diabetics were divided into h°ur groups oh ^tve 

subjects each hofl receiving the hoa>l leguminous {Ibre supplement. 

Each group had three males and 2 hemciles, thus making the 

distribution oh sex unihorm in the hour experimental groups.
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A nother group ol live, normal Subject's comparable, in age

and sex were selected lor comparison. Thus, pnally live  groups 

were lormed. The lour groups ol diabetic patients constituted 

the experimental group lor receiving the supplement and one group 

ol normal subjects were kept as control group. The control group 

was .not given any supplement.

A lood weighment survey was conducted on all the selected 

subjects to examine the load and nutrient intake ol the subjects, 

and ensure that there is no drastic variation among the subjects 

selected.

E. Supplementation ol Fibre-R ich  Viet

All the twenty subjects in the experimental group and the

live  subjects in the control group were requested to report in 

the clinXQ, ccnd the purpose ol the study and role ol the subjects

in the conduct ol the study were explained with the help ol the

doctor. The subjects assured ol their co-operation and help lor

the study..

The lib re  supplementation was started alter the in itia l 

blood glucose analysis. The suplementation was continued lor 

a period ol ten days. The supplement provided 29 g ol 

carbohydrate on an average. Hence an equivalent amount ol 

carbohydrate was calculated in the normal breaklast ol the 

subjects and i t  was reduced pi om their breaklast during 

supplementation period.

The lour experimental groups ol subjects received the lour 

diUerent supplements lor a period ol ten days. But the control 

group ol normal subjects were not given any supplement. At the 

end ol ten days supplementation, the blood glucose response was 

again evaluated on all the diabetics.



F . Evaluation Through. Glycemic Retponte

Glycemic netponte i-s a utelul tool in the evaluation o{, 

diett Ion. diabetic's. Hence in the pnetent 'Study the glycemic 

netponte wat calculated begone and alten the 'Supplementation ol 

the legume lib n e .

The lasting blood glucose and the pott pnandial glucote 

level's a{,ten one houn and .two houn4 ol taking the nonmal 

bneaklatt without the -supplement (130 g canbohydnate) wene 

estimated Ion all the -subject's. On the linal day ol the 

-suppplementation again the glycemic ne-spon-se at lotting, one houn 

alien bneaklatt and two hount alien bneak la tt wene ettimated. 

Since the contnol gnoup ol tubjectt did not neceive any tupplement 

glycemic netponte wat calculated only once.

The glucote ettimationt wene done ■ uting the glucote 

oxidatioon method gi ven by Ditche et al(1955).

The pnocedune lollowed i t  pnetented in Appendix 11.

The pencentage glycemic netponte wat calculated uting the 

lollowing lonmula,

The pencentage glycemic Index at lin tt houn =

Fatting blood glucote -  blood glucote in 1 hn
----------------------------------------------------------------------------------------------------- x  7 00

lotting blood glucote

The pencentage glycemic Index at Second houn =

Fatting blood glucote  -  blood glucote l  hnt. ^  

lotting blood glucote

The valuet thut obtained wene analyted tta tittica lly  and

the netultt examined.
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G. Evaluation Through Blood Chole.4tQA.ol levels

At the. non insulin de.pznde.nt diabetics cine always at r itk  

Ion. the inornate in blood choletterol level(V in ik, 1988), i t  wat 

alto contidered ol interett to ttudy the ability ol the legume libre  

in controlling the blood choletterol level. Hence the blood 

choletterol leve lt were alto attetted before and alter the legume 

libre tupplementation. For the ettimation ol blood choletterol 

the method (one ttep method ol Wybenga and Pileggi[Wybenga et_ 

al., 1970]) wat lollowed. The procedure uted lor the ettimation 

ol choletterol i t  given in Appendix 111.

The re tu ltt obtained were tta tittica lly  analyted and 

ditcutted .



^Results anh d iscu ss io n



1U. RESULTS ANV V1SCUSS10N

The. results obtained in the. pn.Z62.nt study on "Efa,ect oi 
Supplzmzntation oi Lzgumz Fibre on Blood Glucose and 
Cholesterol Levels in Szlzctzd Diabetics" has bzzn statistically 

analysed and discussed unden. the fallowing headings:

A. Food and Nutrient Consumption Pattern oi 

the Normal and Diabetic Subjects

8. Efaect oi Legume Fibre Supplementation on 

Glycemic Response Afaer One Hour

C. Efaect oi Legume Fibre Supplementation on 

Glycemic Response Afaer Two Hours

, . V. and
Eiiiccxcy oi the Supplements in Lowering 
Blood Cholesterol Levels in Diabetics.

A. Food Consumption Pattern oi the Normal and Diabetic Subjects

The faod consumption pattern oi the selected subjects were 

analysed and one presentedin Table II. The individual faod 

consumption values one presented in Appendix IV.



T A B L E  11

FOOD CONSUMPTION PATTERN OF THE SELECTED SUBJECTS

Gao up CtAtals, Pul6t6
GA&tn Ita ly  

vtgttabitA
Roots, and 
tubtAA

OthtK
vege- FALuts 
tables,

Milk Fle^h
FoodA

Fat6 and 
oils,

SugaA and 
jagg&iy

D-l 293 115 100 48 106' 260 95 26

D-2 284 111 95 32 120 • • 240 150 35 ..

V-3 351 157 150 30 89 • • 267 • • 27 • *

D-4 255 123 10 25 101 ♦ • 267 150 18 ..

Control 376 93 143 87 86 46 440 53 33



Table U shows that the diabetic patients consume le t*  

cereal than the normal subjects. Bad the pulse consumption oh the 

diabetics wene mone than the normal subjects. Except one gnoup(V4) 

all the othen thn.ee gnoups(V-l,V-2 and V-3) consumed mone gneen 

leaiy andothen vegetables. All the Ioua gnoups oh the diabetics

have nestnicted the consumption oh noots and tubens. Milk, hats

and oils consumption wene also low in the case oh diabetics. The 

diabetics did not ta ke any pn.ehon.med sugan on. jaggeny. The above 

nesults show that all the diabetics wene diet conscious and also 

that they have alneady neceived advise on the type oh hood to be 

included in thein diet.

Table 111 pnesents the nutnient intake oh the selected

diabetic and the normal subjects. The individual values oh nutnient 

consumption one pnesented in Appendix ii.



T A B L E  111

THE NUTRIENT INTAKE OF THE SELECTED DIABETIC AND NORMAL SUBJECTS

Gn.oup Energy 
4K.cal)

Canbohy-
dnatz

fl-

PAotzin

fl-

Fat

fl-

Fi bAZ

S-

Calcium
mg.

lAon
mg.

CaAO-
tznz

*9 -

Vita­
min A
1.U.

T kia- 
minz

mg.

Ribo­
flavin

ng.

Niacin

mg.

Vita­
min C
mg.

V1 2108 334.0 68.2 55.7 11.1 960 36.4 2023 448 1.48 1.28 15.4 18

V2 2256 363.9 69.3 56.4 14.5 1022 40.6 2610 479 1.51 1.18 13.6 30

V3
2427 423.8 74.9 46.3 13.8 959 36.8 1780 358 1.95 1.44 16.9 33

V4
1907 329.4 62.6 34.3 13.2 826 30.5 287 474 1.41 1.03 12.9 15

Control 3131 476.6 92.0 99.5 14.3 1309 51.9 5588 677 1.52 1.21 17.9 47

RDA* 2800 55 400 to 500 24 3000 750 1.4 1.7 19 40

*Rzcommzndzd Dizta/iy Allowance -  1CMR( 1984).



FAom Table. I l l  i t  is evident that the calorie consumption 

ob a il the diabetics wcac less than the RDA, wheAeas the normal

subjects consume moAe than the RVA. The protein intake ob a il 

the subjects weAe moAe and the (\at consumption was veAy much less. 

Though studies reveal an aveAage bh-bAe intake ob about 22 g 

(Bingham, 1985) by Indians the subjects included in the present

study consumed only about 11,1 to 14,5 (D-1 and V - 2 gAams o{,

bibAe. The intake was j,ound to be adequate with AegaAd to calcium, 

iAon, Vitamin A and otheA B-complex vitamins. But the vitamin

C intake was bound to be inadequate in a il the diabetic subjects.

But the noAmal subjects consumed adequate amount ob vitamin C. 

This may be due to the bact that the diabetics consumed less bruits.

Thus the b°°d and nuViient consumption pattern revealed

that the intakes weAe adequate, except bibAe, vitamin C and eneAgy. 

As eneAgy Aeduction is Aecommended duAing diabetes especially in 

NWVM, the subjects had Aeduced theiA eneAgy intake. But AegaAding

the bh-bAe intake, (Vinik and Jenkins, 1 988) have indicated that on

an aveAage indians consume about 25 g ob bibAe.

B. Ebbect ob Legume FibAe Supplementation on the 
Glycemic Response AbteA one Houa

Table IV pAesents the mean peAcentage glycemic Aesponse

abteA one houA beboAe and abteA supplementation. The individual 

values aAe pAesented in Appendix V I.



T A B L E  W

THE MEAN PERCENTAGE GLVCEM1C RESPONSE AT ONE HOUR

(BefoAe and AfteA Supplementation

GAoup

BefoAe Supplementation AfteA Supplementation

Glycemic ReAponAe at 
one houA

Glycemic ReAponAe at 
one houA

'V  value

Vy 66.8 ±

D2 59.2 ±

V3 65.8 ±

V„ 48.6 ±

18.9 65.0

35.1 35.4

18.8 21.2

15.3 34.4

± 19.2 0.23

±10 . 6  0.67

± 6.6 4.9**

± 29.3 0.67

ContAol 45.4 ± 14.5

**Significant at one peA cent leve l.

It waA obAeAved that the glycemic ACAponAe afteA one houA 

voaA much higheA than the valueA obtained foA noAmal Aubj'ectA.

Bu t thAee gAoupA had AegiAteAed leAAeA valueA(V-3 = 21.2; V-4 =

34.4 and V-2= 35.4) afteA the Aupplementation peAiod, which AhowA 

that the fibAe Aupplementation had aided in decAeaAing the glucoAe 

level.

When the fouA gAoupA of diabetic AubjectA weAe compared, 

i t  waA Aeen(Table W ) that gAoup V-3(GAeen gAam) had AegiAteAed 

loweAt value followed by hoAAe gAam, dAy peaA and Bengal gAam. 

Only in the gAeen gAam gAoup the diffeAence in valueA befoAe and 

afteA Aupplementation waA Aignificant at one peA cent leve l. The 

diffeAence waA not Aignificant in the otheA thAee gAoupA.
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C . Eftject oj Legume Fibre Supplementation on Glycemic Respo nse 
AfterTwo Hours .

Table. d presents the mean percentage glycemic responses 

after two hour* before and after Supplementation. Appendix dll 

presents the individual values.

TABLE V

THE MEAN PERCENTAGE GLVCEM1C RESPONSE AFTER TWO HOURS

(Before and After Supplementation)

Group

Beftre Supplementation

Glycemic Response at 
Two hours

After Supplementation

Glycemic Response 
Two hours

----- ’V value
at

vi 37.6 ± 22.2 28.2 ± 13.0 1.54

V2 31.8 ± 17.2 12.0 ± 5.8 1.79

V3 48.6 ± 21.3 ' 5.8 ± 6.4 3.08*

V4 48.6 ± 15.3 11.2 ± 17.4 0.7

Control 6.2 ± 8.3

*Significant at one per cent level.

From Table d, i t  is evident that the glycemic response 

after two hours was also higher than the normal subjects before 

supplementation. But after supplementation the two hours glycemic 

response decreased very much. The glycemic response o{, the V- 

3 group supplemented with green gram had registered a value (5.8) 

lower than that registered by the control group(6 .2 ). A slightly 

higher value wasregistered by the group ftd  horse gram(11.2) and 

the group ftd  dry peas (12.0). Only the Bengal gram ftd  group

had registered a very high value oi 28.2. Figure 1 to 4 shows
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pictoni .ally thz glyczmic nzsponsz bzfonz and often supplzmzntation.

When thz glyczmic nzsponsz bzfonz and often 

supplzmzntation wznz statistically analyszd i t  was shown that aftzn 

supplzmzntation thz value nzgistznzd by thz gnzzn gnam fed gnoup 

was significantly lowzn. Thz values of othzn groups wznz not 

statistically significant.

V . EfficcccM ° f  thz Supplzmznts in Lowzning Blood Cholzstznol

Levels in Viabztics

Thz mzan blood cholzstznol lzvzls of thz foun gn.ou.ps of 

thz diabztic subjects bzfonz and aftzn supplzmzntation and thz mzan 

valuzobtainzd fon thz nonmal subjzcts one pnzszntzd in Table VI. 

Thz individual cholzstznol values nzgistznzd bzfonz and aftzn

supplzmzntation one presented in Appendix d ill.

TABLE dl

THE MEAN BLOOV CHOLESTEROL LEVELS OF THE SELECTEV SUBJECTS

Blood Cholzstznol values (mg/100 ml)
' t '  value

Gnoup Bzfonz
Supplzmzntation

Aftzn
Supplzmzntation

VI 217 ± 14 194 ± 19.5 2.15*

VI 211 ± 34.6 207 ± 31.2 1.63

V3 206 ± 10.19 U7 ± 11.66 2.54*

V4 190 ± 12.6 UO ± 14.14 3.16*

Contnol US ± 22.36
Nonmal value (danlzy,1980)140 -  250 mg

* Significant at five pen cent level.
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T able, VI 6ho w6 that the mean blood ch.ole6ten.ol value6

wene 6lightly highen than that ob the value negi6tened by the nonmal 

6ubject6. But at the 6ame time all the value6 wene within the

normal nange. But abten 6upplementation even the6e value6 had

decnea6ed bon. all the gnoup6. The decnea6e wa6 6igni£icant at one 

pen cent level in the ca6e ob all the gnoup6 except the gnoup

6upplemented with dny pea6. Figune 5 depict6 the blood chole6tenol 

level6 begone and abten 6upplementation.

The6e ne6ult6 6how that the legume £ibne6 one e le c tive  

in lowening blood chole6tenol level al6o.

The 6tudy ha6 con£inmed the bact that the legume6 which

one a good 6oun.ce ob iibne6 ib included in the diet can well help

in contnolling the blood gluco6e level. Among the bouA legume6 

6elected, gneen gnam ha6 6hown hetten ability in lowening blood 

gluco6e level and al6o 6igni{ricantly lowened the blood chole6tenol

level. In genenal the legume6 which one good 6ou Ace6 ob bibne6

can be u6ed in the thenapeutic diet Ion non-in6ulin dependent

diabetic6 and hypen chole6tenolemic patient6. It i6 necommended 

that lunthen 6tudie6 on Iconge numben ob diabetic-4 may be conducted 

which may help in bunthen di6clo6ing the thenapeutic value6 ob plant 

bibne6.
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V.  SUMMARV ANV CONCLUSION

The. pAe.4e.nt 4 t u d y  on the. "E^e.ct o{, Su.pple.me.nta.tion oh

Legume. Fibre on Blood Glucose and Chole4terol Level4 in Selected  
ViabeticA" a i m e d  a t  e v a l u a t i n g  t h e  g l y c e m i c  r e 4 p o n 4 e  oh a  l e g u m e

h i b r e  d i e t  i n  a  d i a b e t i c  p a t i e n t 4 ; t o  c o m p o t e  t h e  e ^ i c a c y  oh t h e  
h o o t  4 e l e c t e d  l e g u m e s  i n  l o w e r i n g  b l o c  d  g l u c o 4 e  l e v e l  i n  d i a b e t i c 4  
a n d  to  hhn d  o u t  t h e  ehh ^et oh le g u m e -  h i b r e  4 u p p l e m e n t a t i o n  on t h e  
b l o o d  c h o l e 4 t e r o l  c o n t e n t  oh t h e  b l o o d .

F o o t  le g u m e 4  n a m e l y  B e n g a l  g r a m ,  d r y  p e a 4 ,  g r e e n  g r a m

a n d  h o A 4 e  g r a m  w e r e  4 e l e c t e d  a4 t h e  4o u n .ce  oh hd-hre h0*1

4 u p p l e m e n t a t i o n  i n  t h e  d i e t  oh t h e  d i a b e t i c - i .  S u n d a l  w h i c h  i 4  a 
S o u t h  I n d i a n  p r e p a r a t i o n  w a 4  4 e l e c t e d  a4 t h e  m e t h o d  oh p r e p a r a t i o n  
b e c a u 4 e  h0LU>1 l e g u m e 4  l e n t  t h e m 4 e l v e 4  h0i>L t h i 4  p r e p a r a t i o n .  T h e  
r e c i p e  w a 4 4 t a n d a r d i 4 e d  i n  t h e  l a b o r a t o r y  b e h o r e  4 u p p l e m e n t a t i o n .

T w e n t y  n o n - i n 4 u l i n  d e p e n d e n t  d i a b e t i c 4  a t t e n d i n g  a  p r i v a t e  
h o 4 p i t a l  i n  T i r u p a t t u r  w e r e  4 e l e c t e d  t h e  4 t u d y .  T h e y  w e r e

g r o u p e d  i n t o  h0iL/i g r o u p 4  oh hi-W- d i a b e t i c -j e a c h .  A c o m p a r a b l e

g r o u p  oh hh-v& n o r m a l  a d u l t 4  oh t h e  4 a m e  a g e  r a n g e  4 e r v e d  a4 t h e  
c o n t r o l  h0/L c o m p a r i 4 o n .

T h e  i n i t i a l  g l u c o 4 e  t o l e r a n c e  a n d  b l o o d  c h o l e 4 t e r o l  l e v e l 4

oh o i l  t h e  4 u b j e c t 4  w e r e  a 4 4 e 4 4 e d  b e h o r e  4 t a A t i n g  t h e

4u p p l e m e n t a t i o n . T h e  h ° ° d  c o n 4 u m p t i o n  p a t t e r n  oh t h e  4 u b j e c t 4  w e r e  
a l4 o  a 4 4 e 4 4 e d  t h r o u g h  a  w e i g h m e n t  4 u r v e y .

T h e  h0UT l& g o m e  p r e p a r a t i o n 4  w e r e  4 e r v e d  t o  t h e  d i a b e t i c 4  
w i t h  t h e i r  b r e a k h a A t .  T h e  4 u p p l e m e n t a t i o n  w a 4 c o n t i n u e d  hon- a p e r i o d  
oh t e n  d a y 4 .  T h e  l e g u m e -5 w e r e  4 u p p l e m e n t e d  o n l y  h0>l d i a b e t i c 4 .  
On t h e  t e n t h  d a y  oh 4 u p p l e m e n t a t i o n ,  a g a in  t h e  b l o o d  g l u c o 4 e
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tolerance and the blood cholesterol levels were analysed. The 

results thus obtained were statistically analysed and discussed.

The results revealed the following:

7. From the £ood consumption pattern i t  was evident that the

diabetic patients had restricted the consumption oh cereals, 

roots and tubers, iats and oils and sugar and jaggery. 

They also consumed adequate amount oh green leahy 

vegetables

2. The calorie consumption oh all the diabetics were very much

less than the RVA. The protein content oh their diet was 

more, and hai  and ^b4.e. contents oh the diet were very much 

less. The content oh the diets oh the diabetics and

the normal controls were almost the same. The diabetics 

diets were dehicient in Vitamin C content.

3. When the glycemic response ahter one hour was calculated,

i t  was much higher than the values obtained h°r the normal 

subjects, behore supplementation. But ahter supplementation 

the values had decreased showing the benehidal ehh^et oh 

the hsbre diet. The group which was ^ed the green gram 

sandal had registered lowest value h°^owed by horse gram, 

dry peas and Bengal gram.

4 . The glycemic response ahter two hours also showed a similar 

trend ie. the values were very much higher behore supple­

mentation whereas, ahter ^tb^e supplementation the glucose 

response was much lower. Here also the green gram hed 

group had registered a very low value equal to that oh 

the normal subjects. This was hollowed by horse gram



4-sr

dry peas and Bengal gram. The difference in the. value 

registered by the green gram group before and after Supple­

mentation was also significant statistically.

5. The blood cholesterol values also decreased very much after

the supplementation period. The difference in the values

were significant at five per cent level for all the three 

groups except the group fed dry peas.

These results reveal the fact that the legume fibres can 

be effectively used in lowering blood glucose levels in diabetics. 

The whole legumes should be given an impor tant part in the 

diabetic diet. Among the various legumes green gram was found to 

be more effective in lowering blood glucose. These legume fibres 

have the dual benefit of lowering the blood cholesterol levels also. 

Further studies can be conducted on other fibrous foods to find 

out their therapeutic effects.

!



Stb liograph t)



b i b l i o g r a p h y

Abhimanyu Gang, 

Andnea Bonanome, 
Scott, M.
Gnund .y, 
Zu-Junzkang and 

Linger, R.H.

(1988)

Abuja, M.M.S.
(1979)

AIbnink, M.J., 
Newman, T. and 

Davidson, P .C .

(1979)

Alexander MoaL>Isl, 

Kn.au, L .P .,
Bradley, R.F. 
Richard Christible, 

Soeldner, J.S.

(1985)

Anderson, J.W.

(1982)

Arne Melander 

(1987)

"Comparison o a  High, can.bohydn.atz 
Diet with a High Mo no unsaturated
{(at diet in Patients with N1DDM".
Nzw England Journal oi Medicine, 
Vol.319, No.13, pp. 829-834.

" Epidemiological Studies ~ 
on Diabetes Mellitus in India". In: 
Ahuja M.M.S. Ed. Epidemiological 
Studies in Developing Countries. 
lnten.pn.int, New Delhi, pp. 29-38.

"EUect o{, high and low (\ibre 

diets on Plasma lipids and insulin". 
American Journal o{, Clinical 
Nutrition, Vol.32, pp. 1486-91 .

"Joplin’s Diabetes Mellitus". 12th 
edition, pp. 3,47,367,465 and 867.
Lea and Febigen,Philadelphia.

. and

"Dietary Fibre and Diabetes". 

Editors: Vahouny, G.V., and
Kritchevsky, D. Dietary Fibre in 
Health and Diseases. New York: 
Plenum Press.

"Clinical Phanmacology o{, sul-^onyl- 
ureas". Metabolism Clinical and 

Experimental(Suppl)l, Vol.XXXVl,

No.2, p p .12-13.



/

4-1

I

Arky, R.
{jJylie.-R04e.tt, J. and 

El-Beheri, B.
(1982)

"Examination oh current dietary 
recommendations Ion. individuals with 

Diabetes meltitus". Diabetes Care, 

Volte, p. 59.

Barbra Hagande:r,
Nils Ge.on.ge., A .S .P ., 

Suad Ehendic,
Peter Nilsson-Ehle, and

"Dietany libn.e decreases pasting blood 

glucose levels and plasma LDL concen­
tration in N1DDM patients". American 

Journal oh Clinical Nutrition, Vol.47,

Bengt Schersten. 

(1988)

No. 5

Behall, K.M.
Schoi .{yield, V.J. and 

Canary, J.
(1988)

"Starch structure and glycemic 
responses in adults". Journal oh the**6-r' CAn 

Dietetic Association, Vol.88, No. 7, 

p. 848.

Berger, M.,
Muller, W.A. and 

Renotd, A.E.
(1978)

"Relationship oh obesity to diabetes: 

Some hac^> many questions. In: 
Advances in Modern Nutrition". pp.211­

228.

Dr.Bhupendra Gandhi 

(1988)

"Diabetic Nephropathy". Journal oh 
Diabetic Association oh India, 
Vol.XXVlll, Note, pp. 72-74.

Bingham, S.

(1985)
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A P P E N D I X  -  1

STANDARDISED SUNDAL RECIPES

Bengal Gn.am Sundal

INGREDIENTS

Bengal gxam 50 9
Big Onionx 5 9
Coxiandex leavex 5 9
Gxeen chilliex 5 9
Caxxy leavex 5 9

METHOD

1. The 50 g Bengal gn.am wax xoaked overnight.
2. The. xoaked onex wexe cooked by pxexxaxe cooking method.
3. With the Bengal gxam onionx and gxeen chillier wexe added and 

pxexxuxe cooked.
4. Fat atax not axed Ion. plying.

5. The cooked gxam wax xpxinkled with coxiandex leavex, cuxxy 
leavex and xalt.

i i )  Dxy peax xundal

INGREDIENTS

Dxy peax 50

Big onionx 5

Coxiandex leavex 5

Gxeen chilliex 5

Caxxy leavex 5

METHOD

1. The 50 g dxy peax wax xoaked overnight.

2. With the dxy peax onionx and gxeen chilliex wexe added and 

pxexxuxe cooked.

3. Fat wax not axed
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4. The cooked pea/> wo.6 Apninkled with co nianden and canny leaver
and bait.

H i) Gneen gnam 'Sandal

1NGRED1ENTS

Gneen gnam SO g 

Big onion4 5 g 
Gneen chiltie.4 5 g 
Coniandc:n leave* 5 g 
Canny leave* 5 g

METHOD

1. The. gneen gnam wa* not Soaked overnight. It wa* ju*t cooked 

by pne**ane cooking method. With the gneen gnam, onion and 
gneen chillier wene alto cooked.

2. Eon. the i[at wa* not a*ed ôn *ea*oning.

3. The cooked *undal wa* *pninkled with conianden leave*, canny 
leave*and salt.

iv )  Hon*e gnam funded
INGREDIENTS

Hon*e gnam 50 g

Big onion* 5 g
Gneen chillier 5 g
Conianden leave* 5 g
Canny leave* 5 g

METHOD

1. The hon*e gnam wa* al*o not soaked Ion ovennight.

2. The 50 g Hon*e gnam wa* pne**une cooked {,on about 15 minute*, 
with onion* and gneen ch illier.

3. Then i t  i*  *pninkled with conianden leave*, canny leave* and 
'Salt. Eat wa* not a*ed.



A P P E N D I X  -  11

ESTIMATION OF BLOOD GLUCOSE LEVEL -  GLUCOSE OXIDATION METHOD

(Ditche et al_, 1955)

PRINCIPLE:

Glucote, on boiling with alkaline copper solution, reduce* 
copper {/tom cupric to cuprout ttate(cuprout oxide). The cup-tout oxide 
to loomed reducet photphomolybdic acid to blue coloured molybdenum 

blue, which i t  meatured colorimetrically. The intentity o{, blue colour 
i t  proportional to the amount ol glucote. Thit reaction can be 

repretented at:

i + + OH ♦
i )  Cu + G lucote ------------ Cu

i i )  Cu+ + photphomolybdic acid —  Cu++ +- Molybdenum blue
(blue colour)

REAGENTS: (Supplied in the Kit)

Reagent 1 : Suphuric Acid, 2/3 N.

Reagent 2 : Sodium Tungttate, 10%, W/v

Reagent 3 : Alkaline Copper Reagent.

Reagent 4 : Photphomolybdate Reagent.

Reagent 5 : Saturated Benzoic Acid tolution.

Reagent 6 : Stock Glucote Standard, 1% W/v

PREPARATION OF WORKING SOLUTIONS

Working Standard : Dilute 1.0 ml ol Reagent 6

(Stock Glucote Standard) upto 50 ml with Reagent 5.

All the reagentt are ready lor ate.

PROCEDURE:

For tpectrophotometer and colorimeter.

Step A. Deproteinitation ol tett tample: In a tett tube.
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Dittilled water : 2.6 ml

Blood : 0.4 ml

Reagent 1: ^  S04 , 2/3N : 0.5 ml

Reagent 2: Sodium Tungstate
10% W/v : 0.5 ml

Mix well and allow to 'Stand at room temperature Ion. 10 minute's 

and centri/uge on. f il te r  through Whatman No.l bitten, paper.

Step B. Colour Development: In Folin-Wu tube.6.

Standand TeU(T)

Supernatant/Filtrate (piom Step A) .. 1.0 ml

Working 'Standard 1.0 ml ..

Reagent 3: Alkaline Copper
Reagent 1.0 ml 1.0 ml

Mix well and keep them in a boiling 

water bath /or 10 minute's and cool 
them under running tap water.

Reagent 4: Pho'Sphomolybdate
Reagent 1.0 ml 1.0 ml

Mix well and dilute the content's o/ each tube upto the 25 ml 
mark with distilled water. Mix by inversion and measure the O.V o/
Standard(S) and TetelT) against distilled water at 620 nm on
Spectrometer or U'Sing Red /ilte r  on Colorimeter.

CALCULATIONS:

Blood 'Sugar in mg/100 ml = 5^  x 200

NORMAL VALUES:

Fatting level : 80 -  120 mg/100 ml.

Average Renal Threshold . :  180 mg/100 ml.
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ESTIMATION Of CHOLESTEROL (Wybenga, 1970) 

CLINICAL S1GN1E1CANCE:

High, valuC6 may be {\ound in diabetC6 mellitu6, HypothyA.oid.i6m, 
ob6tA.ucti\je jaundice., ne.phA.otic 6yndA.ome, bitiaAy ciAAho6i6, 
athCA.o6clcA.o6i6 etc. Low \>aluC6 may be bound in hypen.thyA.oidi6m, 
malnutA.ition, gauchcA.'6 di6C06C and acute hepatiti6.

PRINCIPLE:

Chole6teA.ol A.eact6 with hot 6oiution ob EeAAic PeA.chloA.ate, Ethyl 
Acetate and SulphuAic acid(Chole6teA.ol Reagent) and give6 a lavenden. 
coloured complex, which i6 meoAuAed coloA.imetA.ically.

SAMPLE:

Se Aum/pla6ma (0.05 ml i-6 n.equin.ed).

REAGENTS(Supplied in the Kit).

Reagent 1 : Chole6ten.ol Reagent.
Reagent l  : 9JoA.king chole6teA.ol Standa/id, 200 mg%
Reagent 3 : NoA.mal 6aline

PROCEDURE:

Foa. CaloA-imeteA./SpectA.ophotometeA.:

Blank( B) StandaAd(S) Te6t(T)

Reagent 1 :Chole6ten.ol Reagent 5.0 ml 5.0 ml 5.0 ml

Reagent 2: WoA.king Chole6teA^t 
StandaAd, 200 mg% 0.05 ml

SeA.um/pla6ma • • • • 0.05 ml

Mix well and keep the tube6 immediately in the boiling waten.

bath exactly bon- 90 6econd6(lk minute6). Cool them immediately undeA.

A.unning tap watCA.. Mea6uA.e the O.V. ob StandaAd(S) and Te6t(T) again6t
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Blank {B) _  on a colon.imz.tQA. with a yellow green /filter on. on a 
Spectn.ophotomo.ten. at 560 nm.

CALCULATIONS:

Serum/plasma cholesterol
in mg/100 ml = O .P. test x 2QQ

O.V.Std.

Normal Values:

Normal value vary with diet and age.

Adults : 130 -  250 mg/100 ml serum/plasma

Children : Lower values are /ound.



APPENDIX IV 

FOOD INTAKE

Group C erealsPu lses Leafy
Vegetable

Roots & 
Tubers

Other
Vegetables F ru its Milk F lesh

foods
O il and 

fa t
Sugar and 

Jaggery

Group D1

A 300 125 + • • • 150 • • 100 • • 25 • ♦

B 330 115 100 • • 60 • • 400 # • 25 • ♦

c 370 235 • • • • • • • • 100 • • 15 ♦ •

D 270 50 • • 35 • ♦ • ♦ 300 45 20 • •

E 195 50 • • 60 • • • • 400 150 45 • •

Total 1465 575 100 95 210 • ♦ • 1300 190 130 • ♦

Mean 293 115 100 48 105 • • 260 95 26 • •

Group D2
A 250 120 • • 15 145 • • 400 • • 25 • •

B 350 150 150 30 130 • ♦ 300 • • 50 • •

C 330 185 115 45 80 • • 400 • • 35 • •

D 250 50 • • 40 125 • • • • • • 25 • •

E 240 50 20 30 • • • • 100 150 40 • •

Total 1420 555 285 160 480 • # 1200 150 175 • •

Mean 284 111 95 32 120 • • 240 150 35 • •

ch
CT'



G rou p Cereals pulses Leafy Roots & other V r n i * . ,  M̂ v  F lesh  o i l  and Sugar and 
Vegetable  Tubers Vegetables riruiT*5 foods fa t  Jaggery

Group D-j

A 285 145 100 35 75 • • 100 0 0 30 • •
B 400 135 200 20 50 • ♦ 300 0 0 40 • •
C 300 200 • • 45 • • • • 0 • 0 0 15 • •
D 470 255 ♦ • 20 140 • • 400 0 0 20 ♦ •
E 300 50 • • • • 90 • • • « 0 0 30 • •

Total 1755 785 300 120 355 • • 800 0 • 135 • •
Mean 351 157 150 30 89 • • 267 • • 27 • •

Group P4
A 275 105 • • 25 125 • • 0 • • • 15 • •
B 240 110 • • 30 120 • • 0 0 • • 15 • •
C 130 90 ♦ e • • 60 • ♦ 200 • • 15 • •
D 350 155 10 20 • • • • 300 150 35 • •
E 280 155 • • • • 100 • • 300 • • 10 • •

Total 1275 615 10 75 405 • • 800 150 90 • •
Mean 255 123 10 25 101 ♦ • 267 150 18 0 0

Control
A 390 30 70 110 80 40 500 • • 45 30
B 285 120 100 50 60 45 400 • • 40 30
C •450 65 200 100 80 55 400 • • 70 • •
D 390 95 200 35 70 50 500 • ♦ 80 60
E 365 155 • • 140 140 40 400 • • 30 10

Total 1880 465 570 435 430 230 2200 • • 265 130
Mean 376 93 143 87 86 46 440 • • 53 33



Carbohyd-  p ro te in  Pa t F ib re  Calc-1 u® Xron 
cg> rate C9> _____ i'v'lP,

Group IV D4

a 1598
b 1502
c 1273
d 2887
e ---- 2276

T o ta l 9536
Average 1907

347.4 48
291.4. 42.5
212.4 40.6
424.3 107.7
371.5 74.5

1*47 313.3
329.4 62.6

21.1 22.6
17.0 8.6
28.9 8.6
51 16.2
53.5 10.3

171.5 66.3
34.3 13.2

1284 37.8
360 23.7
768 20.2
901 35.7
819 35.1

4132 152.5
826.4 30.5

C on tro l

a 2439 395.1 56.5
b 2593 410.4 106.4

_r, c 4297 588.1 96.4
d ~3 3467 494.2 82.1
e “ ‘ 2860 495*6 118.8

T o t* l 15656 2383.4 460.2
Average 31312 i* 476.68 92.04

EDA
s as as a s : 

2800
(Moderate)

a ss a as
55

67.8 6.6 864 24.8
72.9 l l . 'l 1020 56.2

171.̂ 1 31.3 2095 66.3
126.5 „ 11*7 1429 - 69.19
59.6 11.2 1137 43.5 l4

497.9 71.9 6545 259.9 ~
99.58 14.38 1309 51.9

X s ss s s s s 9 a s s s s
0#4-0«5

t 9 >

24

Carotene
C-̂ 3)

V itam in  TtfiW m£»
A  X .o -  B

R ib fla -vln-
Niacin

0>-9j>

a s a s m
.*5js

V itam in C
C"̂ 9)

393 • •
300 • •
205 522
317 378
218 522

1433 1422
286.6 474

1.65 0i*79
1.05 0.4
0.83 0.91
1.55 1*93
1.98 * 1*13
7.06 5.16
1.42 1.03

6,12 155
12,21 34
6,95 16

17,8 44
21.6 58
64,6 307
12,9 61

647 696 1.17 0.86 13.9 133
7354 522 1.37 1.02 15.9 Z 200

14434 348 1.32 1.12 18.8 481
4973 ^ 1296 2 1.85 20.4 87
.534 522 1.77 1.24 20.5 49

27942 3384 7.63 6.08 89.5 950
5588.4 676.8 1.52 1.21 17.9 190
s s s ss a S S SS — — = * = = = =
3006 750 1. 4 U7 19 r 40



APPENDIX V
NUTRIENT INTAKE

== = = = = = = = = 5 3 3 S 3 = = = == == = = = = = = == 3 S S :3 3 3 3 3 3 3 3 S 3 3 3 3 3 a 3 3 3 3 3 3 3 3 3 5 3 3 3 3 3 3 = 3
Group Energy Carbohyd­

ra te P ro te in Fa t F ib re Calcium  Iron Carotene V itam in Thiam ineR ib£la- N ia c in V itam in C
Ckqxj; <-9) Cm9) c -^ e > A J.o. r. (ST'S-)

Group I  D 

a
1

2059 382.2 52.98 36.3 13.0 490 32.9

V

400 174 1.26 0^81 m s 46
b 2391 37 3.#. 71.35 68.1 9.6 1258 59.1 7772 522 1.62 1*71 2 0 .1 179
c 2387 424.5 81.5 40.4 17.6 1323 41.5 339 174 2.11 1,11 13.7 23
a 1618 259.5 47.0 43.3 7 .6 887 22.9 930 684 1.33 1.23 12.0 63
e 2087 230.7 88.6 90.7 7.7 840 25.6 674 684 1.1 1.54 13.9 40

T o ta l 10542 1670.3 341.43. 278.8 55.5 4798 182 10115 2238 7.42 6.4 77.2 351
Average 2108 334.0 68.2 55.76 11.1 960 36.4 2023 447.6 1.48 1.28 15.4 „ 70

GrouD I I  

a
°2

2027 333.4 63.2 47.3 12^4 911 3312 379 696 1^35 1*17 “ l4 fl5 108
b 2793 446.2 87.5 71.4 13.6 1688 64.6 9116 348 1.45 1*52 16.9 178
c 2744 455.4 83.8 62.5 14.5 1025 46.0 1571 696 1.85 - 1.53 19.2 .191
a 1723 327.0 36.2 29.13 22.9 1120 36.3 332 1.39 0.85 -“ 6.1 -'56
e 1995 257.5 75.9 72.0 9.3 367 23.4 1655 174 1.53 8.84 12.1 71

T o ta l 11282 1819.5 346.6 282.3 72.7 5111 3482.3 13053 1914 7.57 5.91 68.4 604
Average 2256 363.9 69.3 56.4 14.5 1022 £96*4 2610 478.5 1.51 1.*# 13.69 °~~120

m =:'*»-• e- — — — —
GrouD i n  

a
D3 ’ 
2190 376.2 71.61 44.3 10.8 1159 40.3 7143 174 1.57 K57 16.94 240

b 2936 465.6 79.4 83.0 14.2 913.5 36.9 629 348 2.54 -- 1*37 21.7 =■ 29 s
c 1940 ‘ 365.8 68.9 21.9 17.6 1304 36.6 398 2.12 ■ 1*0 ~ 9.13 6
a 3290 599.1 106.9 46.1 12.2 1054 48;8 386 552 2.18 2*44 25.3 59
a 1778 312.4 48 36.3 14.3 362 31.8 344 1.34 0.86 11."7 50

T o ta l 12134 2119.1 374.8 231.6 69.1 4792.5 194.4 8900 1074 9.75 7.24 84.7 650
Average 2427 423.8 74.9 46.3 13.8 958.5 . 38.8 1780 358 1.15" lt44 16.9 * 130 =



APPENDIX V I

A. GLYCEMIC RESPONSE AFTER ONE HOUR BEFORE SUPPLEMENATION

Groups Ind iv iduals Glycemic
Response

D1 A 41
B 99
C 59
D 64
E 71

D2 A 35
B 125
C 45
D 27
E 64

D3 A 79
B 88
C 53
D 36
E 73

D4 A 25
B 45
C 45
D 72
E 56

Control A 44
B 66
C 27
D 33
E 57



B. GLYCEMIC RESPONSE AFTER ONE HOUR AFTER SUPPLEMENTATION:

Groups Ind iv iduals Glycemic
Response

D1 A 65
B 95
C 34
D 65
E 66

0 D2 A 18
B 33
C 48
D 33
E 45

D3 A 18
B 32
C 13
D 25
E • 18

D4 A 13
B 14
C 44
D 88



APPENDIX V I I

A. G^CEWIC_|^^ON^_^TER_TWO_HOURS_BEFORE_SUPPLEMENTATION;

Groups Ind iv iduals Glycemic
Response

D1 A 22
B 79
C 15
D 36
E 36

D2 A 44
B 57
C 24
D 7
E 27

D3 A 30
B

V

C
57
35

D 87
E 34

D4 A 15
B 28
C 13
D 36
E 37

Control A 0
B 38
C 0
D 10
E 21
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B. GLYCEMIC RESPONSE AFTER TWO HOURS AFTER SUPPLEMENTATION*

3 -  = = =  = = =  - '  ~ _____________________________________
Groups Ind iv iduals Glycemic

Response

D1 A 29
B 48
C 7
D 27
E 30

D2 A 6

B 7
C 9
D 20
E 18

D3 A 15
B 24
C -  21
D 12
E -  1

D4 A «  6
B -  6

C 11
D 64
E -  7



APPENDIX V I I I

BLOOD CHOLESTEROL LEVEL BEFORE AND AFTER SUPPLEMENTATION*

Groups Ind iv iduals Before
Supplemental Ion 

mgs %

A fte r
Supplementation 

mgs %

D1 A 200 190
B 210 200
C 225 160
E 210 200
E 240 220

D2 A 200 200
B 200 200
C 210 200
D 275 265
E 170 170

D3 A 190 190
B 210 205
C 220 190
D 210 170
E 200 180

D4 A 190 170
B 190 180
C 190 190
D n o  i -70 160
E 210 200

Control A 160 -
B 185 -
C 210 -
D 210 -
E 160 _


