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1. INTRODUCTION

"Health is wman's natural condition, his binth right. It
s the nesult of Living 4in accordance with the natural fLaws

pertaining to the body”.

The wonld wide disonden, diabetes mellitus 44 necognised
ws o growing problem in developing countries due to the continuing

advances in wibanisation and industuedisation.

The disease 4is very common 4in India, with the overall
prevalence nate of 1.8 per cent amounting to {ess than 12 million
diabetics in the country (Gind et al., 1987).  According to Ahuja
(1979) the prevalence of diabetes in South India 4is significantly
highen — in subjects whose dincome {4 above the mean and the

prevalence is high among wiban Indians.

Ramachandran  (1986) nreponts that the prevalence wab
highest among Indians 4in 1975 and 1985, Diabetes 44 mone

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

Among U.S. population Non Insulin  Dependent Diabetes
mellitus 48 more prevalent 4in women than men. In Bangladesh

male/jemale ratio 45 7:1(Ibrahim, 1962).

Diabetes, the most common metabolic disease is responsible
jon most of the deaths occuring 4n India. It is» a clinicdd
syndrome characterized by Hyperglycemia, due to defpiciency on

diminished effectiveness in Insulin.



Diet plays an 4important role in ol disease conditions.
The diet should be well balanced with carbohydrate, protein,
jat, minenads and vitamins, Inadequate calories, vitamins and
proteins in  the diet causes impainment of physical efficiency,

impain A physical fitness and muscular weakness.

A well balanced diet should be modified accornding to the
disease conditions. Modification may be made in the balance of
nutriients such as high on Low protein, canbohydrate, fat, minerals

and vitamins(Sue Rod Williams, 1984).

Diet  nemains  the  cornenstone  forn  diabetic  patients
especially non insulin dependent diabetics.  The diets which are
rich in {ibre content seems to be very effective in reducing the
blood sugan flevel as well as blood cholesterol level in diabetic

patients.

Accornding to  Krnitchevaky and Vahouny(1985) {ibre is
defined as "endogenous components of plant materiad 4in the diet
which are nesistant to digestive enzymes produced by man. They
we predominantly non stanch polysaccharides and Lignin and may

include, in addition associated substances”.

Revellese et al,(1980) points out that plant fibres might
have a therapeutic effect on glucose control and serum Lipids in
diabetic patients. The great part of these studies have been
done with {ibre added to meals, in porm of guar gum, pectin,
wheat bran and thereforne the improvement in glucose control wab
ob tained. Indian diets Like whole grain cereals, Legumes,

vegetables and {ruits are nich sources of fibre. One of the



methods of incorporating fibre in the diet is through Legumes.

Jenkins (1962) states that dLegumes are nich sources of
soluble fibre. When 4t 44 dncorporated in the diet the fevels
of both serum  cholestenol and  triglycerides  have  fallen.
Decreases in serum triglycerides in diabetic patients on increased
canbohydrate high {ibre diets werne also nreported by Anderson

and Ward (1978), and Albrink et al,(1979).

Glycemic Indexis based on the blood glucose nesponse to
the food 4in comparison with the nresponse to an equivalent amount
of glucose. Studies have indicated that the {eguminous seeds
produced Lower blood glucose nesponses than cereal products and
may be 4inconporated into therapeutic diets fon diabetics(Jenkins

et al., 1984).

Leguminous seeds have been shown to be potentiad benefit
to diabetics eithen in a test meal situation on as part of a totdd
diet plan. Legumes were conpirmed as potentiad sournces of slowly
digested on sustained nrelease carbohydrate fon use in the diabetic
diet. They are not only efpective in diabetes but have «

beneficial eppect in Lowening blood cholesternol Level.

Studies have been done on the nole of different types of
joods in neducing the blood sugar level Uike Effect of {enugreek
on blod glucose fevel, and Effect of bitten gournd 4in reducing the

blood sugar Level.

The glycemic Index of the wmany Indian foods are not
known. Glycemic Index of foods 4n India s scarce especially
in Tamil Nadu. Analysis of glycemic Index for the commonly
consumed 4oods  is  very dmportant in  the  development  of

therapeutic Acienc'e.



In this Line, the present study has been framed with the

jollowing Apecific objectives:

1. Study the glycemic nresponse of diabetics

supplemented with a legume {ibre diet

2. Compare the glucose Lowerning effect of fourn
diffenent Legumes commonly used 4in Indian

dietanies.

3. Find out the effect of the Legume {ibre supple-

mentation on the blood cholesteral fevel,
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1I. REVIEW OF LITERATURE

The neview of Literature pertaining to the study on "Effect
of Supplementation o4 fegume {ibre on bfood glucose and cholesterof

in selected diabetics’ presented undern the following headings:

A, Prevalence of Diabetes Mellitus

B. Management of Diabetes Mellitus

C. Complications in Diabetes

D. Glycemic Responses of Diabetic Patients to '

Vaious Foods.

A. PREVALENCE OF DIABETES MELLITUS

Diabetes mellitus 45 a heterogeneous primarny disorden of
carbohydnate  metabolism with wmultiple etiologic factons that
genernally involve absolute on nelative insulin deficiency of 4insulin
nesistance on  both. AL causes of diabetes wltimately Wsd to
hyperglycemia, and glycosuria which are a hall mark of this
disease syndrome(Olefsky, 1985).

Diabetes can be classified into two broa-d varieties. The
individual totally on  admost totally fLacking 4insulin  termed as
'Juvenile Onset' on 'Insulin Dependent' on 'Ketosd S Prone’' type
of diabetic,since without insulin, death may occur in keto acidosis
within a matter of days.

At the other end of the spectrum 4is the 'Stable’ on
'Matwiity Onset' on 'Non Insulin Dependent' individuals in whom
thene is nelative deficiency of 4insulin(Alexander Marble et
al.,1985).

NIDDM i4 associated with obesity 4in more than 80%

patients, Auggesting the possibility that this type of diabetes



may be due to disovdeved
amechanism of appetite negulation orn energy expenditure.  According

to  Hallinisch(1987) the etiology of type 11  diabetes  is

heterogeneous.

Etiology
Cahill(1978), Bray (1979) and Keen and Jarrett(1979)
explainthe development of maturnity onset diabetes and putsforth

the following causes:

|

| disposition(survival activity. Increased
% values, sparing car- energy intake
l

Strong genetic pre- ‘l ]Demea/sed physical
L

hydrate and protein) | }
|

P d e |
|
a ]

Obesity
| i
| _
] ]
| Furthen impedrment of
'I glucose tolerance ]
Decreased physical | Foods with rapid
activity absorption
e

Zawadzki and Ravussin(1988) suggests that the reduced
thenmic effect of glucose neponted 4in obese NIDDM patients 44
mi:c't\/aﬁg caused by an dimpairment of the glucose uptake and

stonage rates due to peripheral resistance.
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Acconding to Hoskins et al,(1989) the prevalence o4
diabetes wmellitus 48 vardable in the globadl population. The
prevalence may be due toimproved nutritionak state, urbanisation

and increas ed Lhe expectancy.

The disease 45 very common 4in India, with an overall
prevalence rate of 1.8%(Gind et al., 1987). In South India the
prevalence of diabetes {8 high among urban Indians.  According
to Mohan et al,(1989) obesity is an dimportant nrisk factorn dn
diabetes.  Ramachandran et af,(1986) tells that only quarter of
the diabetics arne obese, but obesity {4 more common in women.
The prevalence of Insulin dependent diabetes(IDDM) is believed
to be fow 4in Indians.  Moat of them . are Non Insulin Dependent

Diabetics. ,
Incidence

Acconding to West (1978) the rate of juvenile diabetes in
U.S. s noughly 7 times greaten than in Japan. Viswanathan et
ak(1985) atates that family history of diabetes was obtained {in
40% of patients in USA and 60% in India. The incidence of
diabetes has been nepornted -to be much greatern in 4some genetic
subgroups than in the general U.S.population. These group include
pima  Indians(Knowlen and Pettitt et al.,1987) mexican(Paisey et
k., 1987) and wmexican American(Rosenthal et al.,1987) puerto

Ricans, OkLahoma Indians, Australians Aborigines and micronesians.

Snehalatha et al,(1981) found that patients in USA ate more
jat and fless carbohydrate compared to the patients in  India.
The diet of Indian patients are striikingly high in starch and fibre

contents. The pnrotein content of the diabe tic diet advocated



in India(Madnras) is high due to the addition of vegetable protein.

Mostly animad proteins are included in the western diet.

Predisposing Factons

Heredity is 4involved in the development of diabetes on
its metabolic variations that lead to vascular complications.  From
the Atudies, it 44 now apparent that genetic factons are
predominant in NIDDM,

Lee et al(1981) 4tates that obesity is a major determinant
in the etiology of NIDDM. He also noted that an 4inverse
nelationship between sugan 4intake and eithen obesity orn diabetes.
This invense relationship between sugan 4intake and obesity as
well as decreased glucose tolerance was conpirmed by Keen et

gﬂ_( 1979) in Baitain.

Vinal Facton

Several vinuses, including mumps, aubella and coxsackie
are being 4investigated. The frequency of any coxsackie viral
antibody was Adgnificantly higher in  young Ketosis  Resistant
Diabetica(YKRD) §0% and Y oung Ketosds Prone

Diabetics (YKPD)65%(Singh et al., 19680).

Sthess:

Infectious diseases such as influenza, pneumonia and scarlet
jeven, accidents on trauma on  the physiological  stress  of
pregnancy may precipitate symptoms  of diabetes. Diseases 0f
the fLiven, gall bladder, thyroid, pituitary, and pancreas are

trequently associatedd with diabetes.

Trace Minerals

Diabetics excrete increased amounts of Zinc 4in their wune

and that thein plasma feucocyte and erythrocyte Zinc levels are



neduced. Anothern trace element possib Ly dnvolved 4in diabetes

mellitus and glucose intolerance {4 chromium(Krause, 1984).

Shuk€a(1987) points out that 4in « diabetic person there
s a marked dlternation 4in the metabolism of Upids(fat) which
on one hand causes down warnd trend in the synthesis of jatty
acids, while on the other hand the nate of Oxdidation 4increases ,
thus the ability to dispose off the end products of 4atty acids
is neduced. This results in an accumwlation of Ketones, due to
which pH of the blood is Lowered this leads to acidosis on
ketosis which may Lead to coma and death.

Accornding to Shah (1983) in normal Aubjects glucose flows
out of the pool exclusively into the penripheral tissues where
it is metabolised to provide eithen energy on substances which
take part in various synthetic processes. In diabetic patients
a variable amount of glucose is Lost from the pool into the urine,

to an extent of 50-100 g per day or mone.

In deed most of the Sugar 4in the human body 44 tied .up
in the glyco proteins. The glycoproteins are components of
delicate membranes, all cells and the thicker structures upon
which most cells nest. Glycoproteins daso appear to be involved
in the initiad development of the disease by affecting the insulin
producing pancreatic beta cells,  Glycoproteins constitute a majon
metabolic path way of glucose utilization.

Spino  (1980) found that the hidney {ilter consists of a
basement membnane to which cells arne attached. In diabetes this
basement wmembrane thickens considerably and {ilten [Loses its

selectivity 4o that valuable proteins are Lost in the urine.
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B. MANAGEMENTOF DIABETES MELLITUS

Insulin  administrations and commencial insulin  preparationsd
have been the cornen stone of treatment of I1DDM.

In IDDM there may be hyper iﬁbuﬂinemia but the insulin
i» not effective because of aberrations on a decrease in  the

numben of insulin recepton sites.

Onal Hypoglycemic Agents:

An  antibacterial Asulfonamide that was found to decrease
blood glucose. Suljonylureas wmay postpone the development of
Impained glucose  tolenance(1GT) to manifest NIDDM. Newen
suljonylureas, such as glipizide and glyburide seem to be equally

effective in reducing blood glucose Levels(Arne Melanden, 1987),

Effect of High Fibre Diet in Dieabetet Mellitus

Michalek (1987) defines dictany f4ibre, is the portion of
the {ood that the human digestive system cannot digest.  Humans
do not have the enzymes necessary for breaking down the
stnuctunal parts of plants such as skins, stems, seeds and pulp.

Fibne Aslows the digestion and  absorption of  {rudt
sugan(fructo se) and keeping the blood sugar lLevel on an even
in contrast to nrapidly nrising and quickly pufmmeting Levels when
concentrated sweets are eaten.

Fibre has most necently been defined as "endogenous
components of plant material in the diet which are nesistant to
digestive enzymes produced by man. They are predominantly

nonstarnch polysaccharides and Lignin and may include 4in addition

associated substances” (Prosky, 1988).
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Accornding to Trowell (1974) dietary {ibre has been defined
physiologically —as  the sum of polysacharides and Lignin not
designed by the endogenous secretions of the human G.1. tract.

Dietary {ibre is found only in  plant  products-fruits,
vegetables, nuts and grains.  The most concentrated sources of
dietany {ibres are whole grains, especially wheat bran.  Because
of thein higher water content, fruits and vegetables provide fess
dietary fHibre than the dnien grains.  Cooking of 4oods can cause
browning reactions that increase the apparent {ibre content of
the {ood, aince the browning phroducts are analysed as Lignin.
Oatmeal is Low 4in dietary {ibrne, but much of that {ibre may be
gums., Gums have l‘:g; shoven to decrease Aenum
cholestenol (Vahouny, 1982) and  atabilize on  neduce  blood
glucose (Andenson, 1982).

Legumes appear to be the champion of {ibre sources.

How wmuch {ibre do we eat? Some approximations  of
desinable dietary {ibre intakes have been presented and range
from 25-50 gm dietary {ibre per day according to Stephen(1981)
and Mendelof$(1977).

Eastwood (1986) astates that the total dietary §ibre content
of the diet is about as useful as stating the total vitamin content
of the diet. Centain dietary {ibre components have been jound
effective in the treatment of constipation, diverticular disease,
diabetes and hyper cholesterolemia,

Acconding to Simpson et al(1981) untid recently the
traditional  diabetic diet contained 40% of totad calonies as

canbohydnates. Recently Jenkins et al(1980) points out that High
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fibre diets, comprising upto 75% of theirn totad caloric intake as
complex canbohydrate have allowed neduction on even withdrawal
of insulin use in diabetics.

High Carbohydnrate diet, fow in Dietary Fibre showed no
quantitative dimprovements in glycemic control.  High carbohydrate
High Fibre diets did show improvements in glycemic control(Arky
et dl., 1982). Accornding to Bieiman (1985) High carbohydrate,
High f{ibre, low f{at diet favouwrably 4influences the reduction o4

nisk factors for the development of atherosclernosis,

Legumes contain High concentrations of water soluble
components such as Pectin or guan gum and produces a favourable
glucose and dinsulin  nresponse  which significantly reduces serum

cholestenol.

what ever the etiology of diabetes, any dietary factorn
which ahows down the entrhy of glucose into the blood stream
is Likely to nretand to reduce the expression of the disease.
There s ample evidence that dietary {ibre can play such «

nole (Royal College of Physicians, 1980).

Soluble fibres such as pectin, mucilage and guan are partly
digested and absorb waten in Gl tract, {forming a bulky gel.
This gel slows the emptying time of the stomach contents,
delaying the absonption of carbohydrate which aids 4in preventing

the napid influx of sugar into the blood Ztream (MiChalak , 1987).

Simpaon et al(1981) conpirmedin a well controlled study
that a diet containing flarge amounts of legumes caused a modest

reduction in fasting and post prandiad glucose fevels.
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Rivellese et of (1981) clearly demonstrated that a normal
canbohydrate,fibre  nich  diet  improves  metabolic  control  in

diabetic patients.

Mainly Aoluble f4ibres will have a beneficial effect on post
prandial plasma glucose and insulin levels(Eugenio et al., 1988).

The canbohydrate unrefined-which {8 to say 4t was both
absonbable  and  Non  absorbable  carbohydrate(NAC). Non
absonbable canbohydrate and the non canbohydrate Lignin together
condtitute dietary fibre. Diets high in unrefined carbohydrate
eithen do not flead to any deterioration on may actually 4improve

carbohydnate control in Maturnity Onset Diabetes(MOD).

Effect of Fibre on Insulin and Glucose Metabolism:

Ricandi et al(1984) demonstrated that {ibre has effects
which are dindependent of dietary carbohydnrate. It must also
be noted, that some evidence which suggests that f{ibre may be
effective in nreducing glucose and insulin flevels when given in

low carbohydrate diets.

Dietarny {ibres have been used successjully to treat
diabetes with a neduction of the doses of insulin on hypoglycemic
dnu gs(Wolever et al., 1978).  The feguminous seeds are a nich
sournce of dietany fibre in the fonm of galactomannans which are
mone vidcous than the dietary f4ibre present in nice and wheat.
Jenkins et al.(1978) had noted that guar gum «a highly viscous
substance reducing plasma glucose fevel.

A numben of studies indicate that fLeguminous seeds(Grande
et ah,1978) may {Lowern the saerum cholesterol in man and more
recently flegumes have attracted attention due to nelatively {flat
blood glucose nesponse they produce by comparison with their

canbohydnate foods(Jenkins et al., 1982). Simpson et al(1967)
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states that when diabetic patients were Fed diets nich in
leguminous seeds, 4in addition to improved glyceride flevels were
seen.

Mone necently studies by Anderson et al(1983) using high
jibre diets aimed at improving diabetic control. Acconding to
Walther et al(1983) dLegumes also ¢ ontain o -amylase 4inhibitors
a proportion of which may Aurvive cooking. It s possible that
these arne substances Like them(Phytates) may also have an efpect
in neducing the nrate of digestion and it 14 of dinterest that an
anti  amylase  antisucrase  which  has  been  developed by
phaamaceutical industry has been tested as a potentiad triglyceride
Lowening agent.

Pottern et al.(1981) neponted that the glucose responses
in hedlthy wenre similan when either pito beans on all bran cereal
was consumed, When aingle f{oods were consumed the glucose
nesponse  was Lowern ajten consumption of Legume seeds than o
all bran ceredl.

Jenkins et al.(1982) sho wed when Lentils wene consumed
at break fast there s Low post Lunch glucose response, Then
Fleming et al.(1988) suggested that the fLow glucose nresponses
observed aftery both breakfast and Lunch neglected a Lasting efpect
of legume seeds on attenuating post prandiak glucose response.

Acconding to Mohan et al.(1983) the High -carbohydrate
High Fibre diet helps in rapid as well as sustained control  of
hyper glycemia, helps to bring down hyper Upidemia and also

aids to reduce the dose of anti diabetic drugs considerably.
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Barbrno Hagandern (1988) concludes that the blood glucose
levels were fLower in NIDDM patients aften the consumption of High
fibre diet. The High {ibre diet also nresulted in Lowen fLevels
of total cholesterol. The post prandiad glucose responses Lo
Leguminous food and beet fibre meal are known to be {latter than
jon othern Low {ibre meals. There {4 also decrease 4in the LDL
cholesternol fevels,

Abhimanyw et al(1988) conclude that the partial replacement
of complex digestible carbohydrate with monounsaturated  fatty
acids in the diets of patients with NIDDM did not adversely affect
plasmalipoproteins and may dimprove glycemic control., Diets with
highen proportions of mono unsaturated fatty acids may be monre

palatable than Low {at, high carbohydrate diets.

Acconding to Mancini et al.(1980)normal carbohydrate,
libre nich diet gives better blood glucose control 4in diabetic
than o traditiondd fow carbohydrate(noamal {fibre) diet, Fibre
reduces both totad and LDL cholesterol and  total and VLDL
triglycenide in the blood without majon changes in the other
Lipoprotein classes. Fibre has a hypotriglyceridemic effect.

In NIDDM current evidence, suggests that high {ibre diets
may offer some dimprovement in canbohydrate metabolism, Lowenr
total cholestenol and LDL cholestenol and have othen beneficial
efpects. The present level of f{ibre dintake 48 15-30 g per day
and it should be gradually increase to about 40 g per day(or
25 g per 1000 Keal). Foods should be selected prom a wide
variety of choices to include both soluble and insoluble types
of 4ibre(JADA NewwPrint).

Knis et al(1986) tells that relatively smakl amounts of

legumes and beans in particular (100 to 150 g dry wedight) can
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be added to the diet without wmuch dificulty and Lower both
plasma and TGL-4. Diets veny high in both cartbohydrate and
jibre  favowrably  affject  fasting  plasma  triglycerides  in
hypeririglyceridemic individuals. Acconding to Shauma (1984)
legumes ane nich sounces of fibre in Indian diets. Pectin and
gums foam majon components o4 legume {ibre. When given in

bengal gram Lowered the cholesterol contents of serum Liver.

Exencise:
Along with diet, drugs, education, exercise forms  the

jounth connen stones in the management of diabetes mellitus.

Benefits of Exercise:

Exencise fleads to improvement in metabolic control.

Exencise {acilitates nreduction in the dosage of insulin and
ornad drugh.

Exencise helps in weight reduction.

Exencise leads to fLowening of blood pressuwe which 44
commonly elevated in Diabetes,

Exencise helps in neducing blood fLevels of VLDL and LDL.

Exencise lLeads to improved physical {itness and stamina.
Proper exencise is very useful and safe (Talwalken, 1988).
Education

"The American Hospital Association Bl of Rights" states
that it is also the legal responsibility of the medical profession
to the health care consumen to provide patient education as part

of the totad health care given(Krnall, 1975).
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Aims of Nutrnitional advice for Diabetics:

To

To

To

To

To

maintain idead body weight
maintain on improve glucose tolerance
maintain as near as practicable Euglycaemia,

maintain noamo Lpidemia including cholestenol,
tniglycernides and HDL.

alow ample physical activity(Flint, 1979).
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C. COMPLICATIONS IN DIABETES MELLITUS

Acute  (wmplications

Diabetic Keto Acidosis(DKA) 4is due to 4insulin deficiency.
This occuns wmostlyin  Insulin  Dependent Diabetes mellitus when
thene is insulin lack through edithen deliberate on unavoidable
omission of prescribed insulin  dinfections, an dinjection, surgical
operation on other stress.  Keto acidosis does not uwsually appear
in maturity onset diabetics. The aymptoms include thirgw, dry
mouth, Hlushed face, nausea, vomitting, abdominadd pain,, cold and
dry 4skin, characteristic acid breath(Keto acidosis), difficult

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

Hypoglycemia

Insulin  neactions occasionally experienced by diabetics
nesult from the sudden decline of the pencentage of glucose 4n

the blood-hypoglycemia.

Signs and Symptoms

Sympathetic-faintness, weakness, pallon, tremulousness,
neavousness, anxiety, ivdtability, hungenr, palpitations,
tachycarnida and Diaphoresis.,

Neuroglycopenic - Bluwed vision, Diplopia, Lethargy, head
ache, Inability to concentrate, Loss of memory,  confusion,

paralysis seizures coma.

Chnronic complications

Retinopathy
Retin?oathg s a common and serious complication associated

with Diabetes mellitus and increases with duration of the disease.
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In USA more than 50% ofldern onset diabetics have this complication.
Prevalence rate in India is very Low. Hypomegnesia 44 believed
to be a nisk factorn fon netinopathy(Raheja et al.,1988). A necent
study shows that diet nich in pulses(lentils and dry fLegumes)
and vegetables but Limited in animal foods may have some
protective action against the development of proliferative Diabetic

Retinopathy(PDR).

Nephropathy
Acconding to Bhupendra Gandhi(1988) Diabetic Nephropathy

i the wmost Aimpontant sdngle disondern fLeading to renal failure

e

in adufts, Approximately 40% of IDDM and 0.25 to 1% of NIDDM
patients progress to nenal insufficiency and renal jailure,  There

are 5 stages in Nephropathy.

Stage 1 - Hypeatrophy and Hyper function of kidneys
manifested by enlarged kidneys with increased glomerulan filtration
rnate.

Stage 11- Histopathology - No clinical signs and Symptoms,
but nenal fLesion s present,

Stage 1I1- This stage 44 found aften 10 to 15 years of
diabetes and charactenized  bymicro  abuminuria  along  with
hypertension.

Stage 1V- Develops aften 15-20 yearns of diabetes, There
s ovent prtoeinuria with hypertension. Glomerulan {iltnation Rate
{5 diminished for the {inst time.

Stage V- Develops after 20-75 years of diabetes and 4%
characternised by end stage renal disease.

Newwopathy - Diabetic neuwropathy 45  perhaps the most

common disabling chronic complication of diabetes.
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Degenerative vascular complications

The increased Lije span of the diabetic made possible by
improved control of the disease. The vascularn disease 45 of 2

types.

Athenosclenosis - It is not specific to diabetes, but 4t

genenally develops at an ealien age in diabetics and is the majon
cause of death 4in Patient/.s with matunity onset diabetes.

Microangiopathy - It has been stated that microangiopathy

s seen clinical symptoms of diabetes and thus {4 independent
of the hyperglycemia emd metabolic changes of that disease.

Acconding to Dandona et al  (1981) blood vessels in
diabetes may #respond to anoxia and hypercapnia in such a way
that compensatony 4alls in vascularn resistance may not occur.
Preston(1978) found that thepathogenesis of small vessel disease
in diabetes 5 poorly undenstood. Diabetic microangiopathy 44
genenally negarded as  a  pathological  absnonmality o  the
endothelial Lining of small vessel.

Henaman(1982) demonstrates that when diabetes develops

sonum wuc acid level 4alls and continues to decrease with

increaring duration of the disease. Uric acid excretion 44
enhanced by hyperglycemia. This enhancement {4 {independent
of diwesis.  Obesity is associated with high serumunic acid and

obesity precedes diabetes.
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D. GLYCEMIC RESPONSES OF DIABETIC PATIENTS TO VARIQUS
FOODS

The team 'Glycemic Index' has been applied to the degree
of blood glucose nresponse to the ingestion of specific carbohydrate
joods in comparnison with the nesponse to a Atandard Load,
wsuauwlly 50 g glucose on at times one slice of bread(Alexanden
Marble, 1985).

Acconding to Gannon and Nuttall (1987) the purcpose of
these detenminations 4is to systematically rank foods with respect

to thein quantitative effect on post meal glucose concentration.

Factons affecting starch digestibility and the glycemic response

to feguminous seeds

walton et al(1979) have shown that [Legumes produced
decreased blood glucose nesponses compared with othen High {ibre
foods . Legumes arne an abundant sources of antinutriants. They
contain enzyme inhibitons, fLectina, saponins, phytates and tannins.
Amylase inhibitons have been shown to survive cooking and
inhibitons of bacterial onrigin neduce the nate of starch digestion
and the glycemic response,

Jenkins et al(1984) present nresults indicate that white
pea bean substitutioninto a test meal in place of bread nreduced
the glycemic nesponse of NIDDM by more than 50%. However
unlike the NIDDM nesults, no significant nreduction was seen with
IDDM patients,

Jenkins (1984 ) nesults demonstrate that the digestibility
of a {food is Ukely to be an dimportant determinant of 4th
glycemic nesponse 4in diabetics. The increased carbohydrate

intakes ahould be in the form of 'Complex’ Carbohydrate high
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jibre 4oods since diets high in {ibre and high in canbohydnrate
have been shown both to neduce blood glucose excurdions acutely
and in the fong term to improve many aspects of diabetic control.
The dietary fibre guar was shown to reduce the acute glycemic
nesponse  in nonmak  subjects. In addition specipic Low glycemic
index foods, de. leguminous seeds have been shown to be of
potential  benefit to diabetics. Legumes wenre conpinmed ab
potentiak  sources of slowly digested on "Sustained nrelease"

Carbohydnate fon use in the diabetic diet.

Low {ibre diet containing such ALow glycemic foods as
noodles(low fibre diet produced fower post prandial glucose and
insulin nesponses. It appeans that {ibre is only one facton that
may nreduce the nate of digestion of a jood and attenuate post
prandiad nutrient and endocrine responses with possible associated
metabolic consequences. The altennations 4n the nature of the
fibre eaten was neflected in the dincreased use op Low glycemic
Index {oods such as oats, baley and legumes,which are nich 4n
soluble fibre. Of interest was the reduction in wiinary creatinine
and wiea outputs on the Low glycemic index diet(Thompson, 1983).

Acconding to Janel Kalmusky (1986 ) soluble and viscous
4ibres were most efpective 4in neducing post prandial blood glucose
and insulin levels. The soluble {ibres eg: fegumes and oat bran
wene also  found to be the most consistently useful 4in the
management of diabetes and hyperdipidemia. The fact that Low
glycemic index foods tend to be higher 4in {ibnre. The presence
of the »0 called anti nutrients(lectins, saponins, phytates, tannins

ete.) nesponsible fon the Low glycemic index of certain foods.
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Upneja and Karmarker (1988) concludes that the fibnres
containing conjugated — canbohydrates like galactomannans are wmore

effective in thein hypoglycemic resdponse.

Accornding to Behall (1988) plasma insulin  nresponse  was
significantly Lowern 30 and 60 minutes aptern the amylose meal than
aftern  amylopectin meak. Therefore the sustained plasma Levels
aften the amylose meal with reduced insulin requirement suggest
that amylose starch may be of potentiad benefit to carbohydrate-

sensitive individuals on individuals with diabetes.

The small weight foss on the low glycemic index diet did
not nelate to Lipid changes. Low glycemic index diets may be
of use in the wmanagement of LUpid abnormalities associated with

hypertriglyceridemia.
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111. EXPERIMENTAL PROCEDURE

The expernimentad procedure followed in the present study

on the "Effect of Supplementation of Legume Fibre on Blood Glucose

and Cholestenof Levels in Selected Diabetics" is presented unden

the {ollowing headings:

A,
B
C.
D
E.

F.

G.

Selection of the Legumes
Standarndisation of Recipe

Selection of the Area

Selection of Subjects

Supplementation of Fibre Rich Diet
Evaluation Through Glycemic Response

Evaluation Through Blood Cholesterol Levels

A. Sefection of the Legumes

The whole fegumes are a nrich souwrce of dietary fibre 4n

the diets and thein effecti veness in controlling the blood glucose

level, and fLowening blood cholesterol fLevel have been stressed

by Aeverdl nutritionists(Jenkins, 1984 and Andernson, 1984). Hence

joun lLegumes wene 4selected fon the present study as the source

of {ibre fon supplementation. It was also ascentained that the

legumes Aeﬁected juljilled the f{ollowing characteristics:

1.
2.

3'

The flegumes were familian to the subjects

They contained maximum amount of {ibre

The flegumes wene capable of supplying minimum
carbohydrate and protein of good quality, and

Easily digestible.

5]
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The four legumes thus selected were:

1. Bengal gram

Z. Dy peas

3. Green gram
and 4, Honse gram

B. Standardisation of the necipe

Sundal was selected as the wmethod 0f 4incorporation of

legumes in the diet of diabetics because:

1. This was a traditiondd preparation of Tamil Nadu
2 AL the four Legumes  Lend themselves forn this
preparation.
and 3. Preparation and distribution to the subjects was
eady.

Using a panel of 10 students from 11 M.Sc. class as
judges, the preparation of sundal was standardised and the
standard necipes thus pinadised are given in Appendix I.

Forn furnthern discussions the four standardised nrecipes are

neferned as test diets D-1, D-2, D-3and D-4 ab given below.

D-1 Bengal gram sundal
D-2 Dry peas sundal
D-3 Green gram sundal

D-4 Honse gram sundal

The fourn necipes thus standarndised and used 4on supplementation

ane presented in Plate 1. The totad nutrient composition of 509

of the foun {ibre supplements {inalised are presented in Table 1.



THE STANDARDISED  SUNDAL PREPARATIONS

OF THE FOUR SELECTED LEGUMES

PLATE- 1



TABLE 1

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

Diet Legumes Canbohydrate Protein Fat Fibre
d i d 8
D-1 Bengal gram 30.5 9.0 2.7 2.0
D-2  Dry peas 26.6 9.8 0.5 2.7
D-3 Green gram 28.3 12,0 0.6 2.0
D-4 Honse gram 28.6 11.0 0.2 2.6

*Nutrnitive value of Indian Foods(ICMR, 1984).

C. Selection of the Area

The Arnulvel Clinical Laboratorny 4in Tirupattur town in Noath
Arcot  district was selected for the »study because, there were
adequate number of diabetic patients available, the authonities

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

D. Sefection of the Subjects

Al the diabetic patients attending the Arulvel Clinic in
Tinupattun town were observed and twen ty Non- Inselin Dependent
Diabetics(Type 11) werne selected 4or the study.

The subjects selected consisted of 12 males and § females,
all of them doing moderate work, and were between 30 to 55 years
of age. The duration of theirn diabetes nrange from 2 to 10 years.
These twenty diabetics wene divided into four groups of 4Hive
subjects each fon nreceiving the four Leguminous fibre supplement.
Each group had three males and 2 females, thus making the

distribution of sex uniform 4in the fourn experimental groups.

A1



Another group of {ive nowmal subjects comparable in age
and sex wenre selected for comparison.  Thus, finadly five groups
were formed., The four groups of diabetic patients constituted
the experimental group forn receiving the supplement and one group
o noamal subjects were kept as control group. The control group
was .not given any supplement.

A food weighment survey was conducted on all the selected
subjects to examine the food and nutrient intake of the subjects,
and ensure that there 4is no drastic variation among the subjects

selected.

E. Supplementation of Fibre-Rich Diet

AU the twentysubjects in the expe/u'nﬁentaﬁ group and the
five subjects 4in the control group werne requested to report in
the clinig, and the purpose of the study and nole of the subjects
in the conduct of the study were explained with the help of the
docton. The subjects assured of thein co-operation and help fon
the »study..

The f{ibre supplementation was started aften the initiak
blood glucose andlysis. The Aupﬂementation_ was continued 4or
a period of ten days. The supplement provided 29 g  of
canbohydrate on an average. Hence an equ’vaﬂént amount 0
canbohydrate was caleuwlated in  the nowmal breakfast of the
subjects and it was reduced from  thein  breakfast  during
Asupplementation perdiod.

The foun experimentad groupsd of subjects neceived the journ
difperent supplements for o period of ten days. But the control
group of nowmal Aubjects were not given any supplement. At the
end of ten days supplementation, the blood glucose response was

again evaluated on all the diabetics.

Q8



F. Evadluation Through Glycemic Response

Glycemic response 45 a useful tool 4in the evaluation of
diets for diabetics. Hence {in the pnresent study the glycemic
nesponse was calculated before and aftern the supplementation of
the legume f{ibre.

The fasting blood glucose and the post prandial glucose
levels aften one houn and two hours of taking the noamdl
breakfast — without the supplement(130 g carbohydrate) were
estimated fon  all  the subjects. On the {inal day of the
suppplementation again the glycemic nresponse at fasting, one hour
aften  breakfast and two hours aften break fast were estimated.
Since the control group of subjects did not receive any supplement
glycemic nesponse was calculated only once.

The glucose estimations were done - using the glucose
oxidatioon method gi ven by Dische et al(1955).

The procedure followed 44 presented in Appendix II,

The percentage glycemic response was calculated using the

jollowing formula,
The percentage glycemic Index at finst hour =

Fasting blood glucose - blood glucose in 1 hr

e et e x 100
pasting blood glucose
The percentage glycemic Index at Second hour =
Fasting blood glucose - blood glucose 2 hrs. 100

jasting blood glucose
The vdlues thus obtained were andlysed statistically and

the nesults examined.

X9



6. Evaluation Through Blood Cholesterol Levels

As the non insulin dependent diabetics are dways at risk
jon the increase in blood cholesterol Level(Vinik, 1988), it was
olso considered of interest to study the ability of the Legume f{ibre
in  controlling the blood cholestenol Level., Hence the blood
cholestenol fevels were also assessed before and aftern the Legume
fibre supplementation. Forn the estimation of blood cholesterol
the method (one step method of Wybenga and Pileggil Wybenga et
al.,1970]) was followed. The procedure used forn the estimation
of cholesterol is given in Appendix 111,

The results obtained were Atatistically analysed  and

discussed.
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IV, RESULTS AND DISCUSSION

The nresults obtained in the present study on "Effect of
Supplementation of Legume Fibre Blood Glucose and
Cholestenol Levels in Sefected Diabetics™ has been Atatistically

analysed and discussed undern the following headings:

A, Food and Nutrient Consumption Pattern of
the Nonmal and Diabetic Subjects

B. E{fect of Legume Fibre Supplementation on
Glycemic Response After One Hour

C. Effect of Legume Fibre Supplementation on
Glycemic Response After Two Houwrs

D. Efpicocy o4 the Supplements in Lowenring
Blood Cholestenol Levels in Diabetics.

and

A. Food Consumption Pattenn of the Nonmal and Diabetic Subjects
The f{ood consumption pattern of the selected Aubjects wenre
anadlysed and are presentedin Table 11, The individudd {ood

consumption values are presented in Appendix 1V.



TABLE II

FOOD CONSUMPTION PATTERN OF THE SELECTED SUBJECTS

Green Leafy Roots and Othen

Group Ceneals  Pulses vegetables tubens %/ege— Fruits — Milk ;ﬁ%@ﬁ Fg‘fﬁ ) and S;‘gg’;@zgd
ables
D-1 293 115 100 48 108 .. 260 95 76
D-2 284 111 95 32 120 . 240 150 35
D-3 351 157 150 30 §9 .o 267 - 27 .
D-4 255 123 10 25 101 .o 267 150 1§
Contrnol 376 93 143 87 §6 46 440 oo 53 33

e
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Table 11 shows that the diabetic patients consume Less
coneal than the nowmal subjects.  But the pulse consumption of the
diabetics were more than the nonmal subjects. Except one group(D4)
Wl the other three groups{D-1,0-2 and D-3) consumed wmone green
leajy andothen vegetables. AL the {our groups of the diabetics
have nestricted the consumption of roots and tubers. Milk, {ats
and oils consumption were also low dn the case of diabetics. The
diabetics did not ta ke any preformed sugan on jaggery. The above
nesults show that ol the diabetics wene diet conscious and also
that they have already neceived advise on the type o4 food to be

included in thein diet.

Table 111 presents the nutnient dntake of the selected
diabetic and the nonmal subjects. The dindividual values of nutrient

consumption are presented in Appendix V.



TABLE

111

THE NUTRIENT INTAKE OF THE SELECTED DIABETIC AND NORMAL SUBJECTS

*Recommended Dietary Allowances - ICMR(1984).

Carbohy- Caro- Vita- Thia- Ribo- Niacin Vita-

Group Energy drate Protein Fat Fibre Calceium Iron  tene min A mine  flavin min C
£K.cal) g. g. g. g. . mg., Ag. I.u. mg. ng. mg. mg.
D, 2108 334.0 68.2 55,7 11, 960 36.4 2073 448 1.48 1.25 15.4 18
DZ 2256 363.9 69.3 56.4 14.5 1022 40,6 2610 479 1.51 1.1§ 13.6 30
D3 2427 423.8 74.9 46,3 13.8& 959 36.8 1780 356 1.95 1.44 16.9 33
D4 1907 329.4 62.6 34.3 13, 8§26 30.5 287 474 1.41 1.03 12.9 15
Contnol 3131 476.6 92,0 99.5 14.3 1309 51, 5588 677 1.52 1.21 17.9 47
RDA* 2800 55 400 to 500 24 3000 750 1.4 1.7 19 40

Ye



From Table 111 it 44 evident that the calonie consumption
of all the diabetics wene {Less than the RDA, whereas the normal
subjects consume more than the RDA, The protein 4intake of all
the subjects were more and the fat consumption was very much Less,
Though Atudies reveal an average {ibrne intake of 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 D-2) grams of
fibre. The intake was found to be adequate with regarnd to calceium,
iwon, Vitamin A and other B-complex vitamins. But the vitamin
C intake was found to be inadequate in all the diabetic subjects.
But the normal subjects consumed adequate amount of vitamin C,
This may be due to the jact that the diabetics consumed Less fpruits.

Thus the f{ood and nutnient consumption pattern revealed
that the intakes wenre adequate, except {ibre, vitamin C and energy.
As  energy 4reduction 44 necommended duning diabetes especially in
NIDDM, the subjects had nreduced their energy intake. But regarding
the {ibre dintake,(Vinik and Jenkins, 1988) have indicated that on

an average {indians consume about 25 g of Hbre,

B. Effect of Legume Fibre Supplementation on the

Glycemic Response After one Houn

Table 1V presents the mean percentage glycemic response
ajter one hour before and aften supplementation. The individual

values are presented in Appendix VI,
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TABLE 1V
THE MEAN PERCENTAGE GLYCEMIC RESPONSE AT ONE HOUR

(Befone and After Supplementation

N St "t value
P Glycemic Response at Glycemic Response at
one hour one hour

D7 66.5 + 1§.9 65.0 + 19.2 0.23

DZ 59,2 + 35,1 35.4  10.6 0.67

93 65.8 + 18,8 21.2 = 6.6 4,9%*
D4 48.6 * 15.3 34,4 + 29.3 0.67
Control 45.4 *+ 14.5

**Significant at one per cent fevel,

It was observed that the glycemic nresponse ajtern one hour
was much higher than the values obtained fon normad subjects.
Bu t thrnee groups had negistered lessen values(D-3 = 21.2; D-4 =
34.4 and D-2= 35.4) aften the supplementation period, which shows
that the {ibre supplementation had aided 4in decreasing the glucose
level.

When the fourn groups of diabetic subjects were compared,
it was seen(Table 1V) that group D-3(Green gram) had registered
towest value followed by hornse gram, dry peas and Bengal gram.
Only in the green gram group the difference in values before and
aften  supplementation was significant at one per cent fLevel. The

difperence was not significant in the other three groups.
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C. Effect of Legume Fibre Supplementation on Glycemic Respo nse

AgterTwo Hours .

Table UV presents the mean percentage glycemic responses
aftern two hours before and apter  supplementation. Appendix VIl

presents the individual values.

TABLE V
THE MEAN PERCENTAGE GLYCEMIC RESPONSE AFTER TWO HOURS

(Befone and After Supplementation)

———————————————————————————————————————————————————— "t value
Group  Grucemic Response at Glycemic Response at
Two hours Two hoursd
D! 37.6 £ 272.2 286.2 + 13.0 1.54
D? 31,6 £ 17.2 12,0 + 5.8 1.79
!
D3 45,6 + 21,3 5.8 + 6.4 3.08%
D4 48,6 + 15.3 11.2 = 17.4 0.7
Contrnol 6.2 + 8.3

*Significant at one pen cent fLevel,

From Table VUV, 4t 44 evident that the glycemic #response
aften two houns was also highen than the normal subjects before
supplementation. But apten supplementation the two hours glycemic
nesponse decreased very much. The glycemic nesponse of the D-
3 group supplemented with green gram had registered a value (5.8)
fowen than that negistered by the control group(6.2). A slightly
higher value wasregistered by the group fed horse gram(11.2) and
the group fed dry peas(12.0). Only the Bengad gram fed group

had negistered o very high value of 28.2. Figure 1 to 4 shows
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pictoni .ally the glycemic nesponse before and after supplementation.
When the glycemic nesponse befonre and apten
supplementation wene atatistically anddysed it was shown that aften
supplementation the value rnegistened by the green gram fed group
was signigicantly fowen. The values of other groups were not

astatistically significant.

D. E{fficacy of the Supplements in Lowerning Blood Cholesterol

Levels in Diabetics

The wmean blood cholesterol Levels of the four groups of
the diabetic Aubjects before and after supplementation and the mean
valueobtained f4on the normad subjects are presented in Table VI,
The individual cholesterol values registered before and aftern

supplementation are presented in Appendix VIII,

TABLE VI

THE MEAN BLOOD CHOLESTEROL LEVELS OF THE SELECTED SUBJECTS

Blood Cholesterol values(mg/100 me)

- - - "t'value

Group Ajten

, Before supplementation

Aupplementation
D1 217 = 14 194 + 19.5 2.15%
D2 211 = 34.6 207 + 31.2 1.63
D3 206 = 10.719 187 + 11.66 2.54%
D4 190 = 12.6 180 = 14.14 3.16*
Control 185 = 27.36

Normal value(Varley,1980)140 - 250 mg

*Significant at five pen cent fevel.



Table VI shows that the wmean blood cholesterol values
were sightly highen than that of the value negistered by the noamal
subjects, But at the same time all the values werne within the
nowmal  range. But agten supplementation even these values had
decreased for all the groups. The decrease was significant at one
per cent lLevel 4in the case of all the groups except the group
supplemented with dry peas. Figure 5 depicts the blood cholesternol
levels beforne and apten supplementation.

These nesults show that the Legume {ibres are effective
in Lowerning blood cholesterol level also,

The atudy has confinmed the fact that the f{egumes which
are a good source of {ibres if included in the diet can well help
in contholling the blood glucose {Level, Among the fourn Legumes
selected, green gram has shown betten ability in Lowering blood
glucose fLevel and also significantly Lowered the blood cholesterol
Level. In general the flegumes which are good sou rces of {ibres
can be used 4in the therapeutic diet forn non-insulin  dependent
diabetics and hyper cholesterolemic patients. It (s necommended
that fjurther studies on Large numben of diabetics may be conducted
which may help in furthern disclosing the therapeutic values of plant

fibres,
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V. SUMMARY AND CONCLUSION

The present »study on the "Effect of Supplementation o4
Legume Fibre on Blood Glucose and Chofestenol Levels in Selected
Diabetica” aimed at evaluating the glycemic response of a Legume
fibre diet 4in a diabetic patients; to compare the efficacy of the
journ  selected Legumes in Lowerning bloc d glucose fLevel in diabetics
and to find out the effect of fLegume fibre supplementation on the
blood cholestenol content of the blood.

Four fLegumes namely Bengad gram, dry peas, green gram
and horse gram were selected as  the source of fHibre  forn
supplementation in the diet of the diabetics. Sundad which is a
South Indian preparation was sefected as the method of preparation
because four fLegumes Lent themselves fon this preparation. The
necipe was standardised in the Laboratory bejore supplementation.

Twenty non-insulin dependent diabetics attending a private
hospital in  Tirupattun were selected fon the Atudy. They wexre
grouped 4into  foun  groups of {ive diabetics each. A comparable
group of five nowmal  adults of the same age range seraved as the
control forn comparison.

The initial glucose tolerance and blood cholestenol Levels
of all  the  subjects  were  assessed  bejore  starting  the
supplementation.  The 4ood consumption pattern of the subjects were
also assessed through o weighment survey.

The {our Legume preparations were served to the diabetics
with thein breakjast., The supplementation was continued forn a period
o4 ten days. The [legumes were supplemented only 4or diabetics.

On the tenth day of supplementation, again the blood glucose
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tolenance and the blood cholestenol Levels were analysed. The
nesults thus obtained were statistically andysed and discussed.

The nesults revealed the following:

1. From the {ood consumption pattean it was evident that the
diabetic patients had nrestricted the consumption of cereals,
rnoots and tubens, 4ats and oids and sugarn and jaggery.

They also consumed adequate amount of green Leafy

vegetables
2. The calornie consumption of ol the diabetics were very much
less than the RDA. The pnrotein content of thein diet was

mone, and fpat and {ibre contents of the diet were very much
less, The {ibre content of the diets of the diabetics and
the nowmal controls wene almost the same, The diabetics

diets wene deficient in Vitamin C content.

3. When the glycemic nresponse ajtern one houwr was calculated,
it was much higher than the values obtained for the noimal
subjects, begfore supplementation. But aptern supplementation
the values had decreased showing the beneficial effect of
the f{ibre diet. The group which was 4ed the green gram
sundad had registered fLowest value followed by horse gram,
dry peas and Bengal gram.

4, The glycemic response apter two hours also showed a similar
trend ie. the values werne very much highen bepore supple-
mentation whereas, aften fibre supplementation the glucose
nesponse  was much Lowex. Here also the green gram fed
group had negistered a very Low value equal to that of

the normal subjects. This was followed by horse gram



dry peas and Bengak gram. The diffenence in the value
negistened by the green gram group before and after supple-

mentation was also significant statistically.

5. The blood cholesterol values also decreased very much apten
the supplementation period. The difjerence in the values
wene Aignificant at five pen cent fLevel fon all the three

groups except the group fed dry peas.

These nesults reveal the fact that the Legume fibres can
be effectively used in Lowening blood glucose Levels 4in diabetics,
The whole Legumes should be given an dimpor tant part in  the
diabetic diet. Among the various Legumes green gram wab jpound 1o
be mone efpective in Lowening  blood glucose. These Legume {fibres
have the dual benefit of Lowenrning the blood cholesterol levels also.

Funthen studies can be conducted on other {ibrous foods to find

out theirn therapeutic efpects.
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APPENDIX -1

STANDARDISED SUNDAL RECIPES

Bengal Gram Sundal

INGREDIENTS
i) Bengal gram 50 g
Big Onions 5¢g
Corndandern feaves 5 g
Green chillies 5 g
Curny Leaves 5 g
METHOD
1. The 50 g Bengal gram was soaked overnight,
2. The soaked ones were cooked by pressure cooking method.
3. With the Bengal gram onions and green chillies were added and
pressune cooked.
4. Fat was not used for frying.
5. The cooked gram was sprinkled with cordiander fLeaves, curry

feaves and salt.

id) Dry peas sundal
INGREDIENTS
Dry peas 50 g
Big onions 5.¢
Cornianden Leaves 5.g
Green chillies 5¢g
Currny leaves 5¢g
METHOD
1. The 50 g dry peas was soaked overnight.
Z. With the dry peas onions and green chillies were added and

pressurne cooked.

3. Fat was not used



'S

4, The cooked peas was sprinkled with co riander and curny feaves
and Aalt.

{44) Green gram sundal

INGREDIENTS
Green gram 50 g
Big onions 54
Green chillies 5¢g
Condanden feaves 5.g
Curny Leaves 59

METHOD

1. The green gram was not soaked overnight. It was just cooked
by pressure cooking method. With the green gram, onion and
green chillies were also cooked.

2. For the fat was not used for Aeadoning.

3. The cooked sundal was sprinkled with cordander lLeaves, curry
leavesand salt.

iv) Honse gram sundal

INGREDIENTS
Honae gram 50 g
Big onions 5.g
Green chillies 5g
Cordanden Leaves 5 g
Curny Leaves 5¢g

METHOD

1. The hornse gram was also not soaked forn overnight,

2. The 50 g Hornse gram was pressure cooked forn about 15 minutes,
with onions and green chillies.

3. Then 4t 4is asprinkled with cordiander Leaves, cuvy fleaves and

salt,  Fat was not used.



APPENDIX - 11

ESTIMATION OF BLOOD GLUCOSE LEVEL - GLUCOSE OXIDATION METHOD
(Dische et af, 1955)

PRINCIPLE:

Glucose, on boiling with dlkaline copper Aolution, reduces
copper Hrom cupric to cuprous state(cuprous oxide). The cuprous oxdide
50 formed neduces phosphomolybdic acid to blue coloured molybdenum
blue, which 4s measured colonimetrically. The intensity of blue coloun
8  proportionad to the amount of glucose. This reaction can be

nepresented as:

+ OH
{) Cu ’ + Glucosre ———————- Cu*

i“£) cu® o+ phosphomolybdic acid --- cu’ o+ Molybdenum blue
(blue coloun)

REAGENTS: (Supplied in the Kit)

Reagent 1 : Suphuric Acid, 2/3 N.

Reagent 2 : Sodium Tungstate, 10%, W/v
Reagent 3 : Alkaline Copper Reagent.
Reagent 4 : Phosphomolybdate Reagent.
Reagent 5 : Saturated Benzoic Acid solution.
Reagent 6 : Stock Glucose Standarnd, 1% W/v.

PREPARATION OF WORKING SOLUTIONS

Wonking Standard : Dilute 1.0 ml of Reagent 6
(Stock Glucose Standard) upto 50 ml with Reagent 5.
ALl the neagents are ready fon use.

PROCEDURE:

Forn spectrophotometer and colonimetenr,

Step A. Deproteinisation of test sample: In a test tube.




Distilled waten 2.6 M
Blood : 0.4 mi
Reagent I:I-% SO4 ,2/3N : 0.5 mi

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

Mix well and dlow to stand at rnoom temperature fon 10 minutes
and centrifuge on filten through Whatman No.1 {ilter papenr.

Step B. Coloun Development: In Folin-Wu tubes.

Standard Test(T)
Supennatant/Filtrate ({rom Step A) .. 1.0 m
Working standard 1.0 ml
Reagent 3: Alkaline Copper
Reagent 1.0 m¢ 1.0 md

Mix well and keep them in a boiling
water bath forn 10 wminutes and cool
them unden running tap waten.

Reagent 4: Phosphomolybdate
Reagent 1.0 ml 1.0 ml

Mix well and dilute the contents of each tube upto the 25 mf
mark with distilled waten.  Mix by dinversion and measure the 0.D of
Standarnd(S) and Test(T) against distilled waten at 620 nm on
Spectriometer on using Red filten on Colonimeter,

CALCULATIONS:

Blood sugar in mg/100 ml = (%%—%t— x 200
NORMAL VALUES:

Fasting fevel : 80 - 120 mg/100 mL.

Average Renal Threshold .0 180 mg/100 mL,

63



APPENDIX - 111

ESTIMATION OF CHOLESTEROL (Wybengs, 1970)

CLINICAL SIGNIFICANCE:

High values may be found in diabetes mellitus, Hypothyroidism,
obstructive jaundice, nephnrotic syndrome, biliany cinhosis,
athenosclerosis etc. Low values wmay be found in hyperthyroidism,
malnutrition, gaucher's disease and acute hepatitis,

PRINCIPLE:

Cholestenol neacts with hot solution of Feanic Perchlonate, Ethyl
Acetate and Sulphuric acid(Cholesterol Reagent) and gives a {Lavenden
colouned complex, which {5 measured colorimetrically,

SAMPLE:

Se rum/plasma (0.05 ml is required).

REAGENTS(Supplied in the Kit).

Reagent 1 : Cholesterol Reagent.
Reagent 2 : Working cholesterol Standard, 200 mg$
Reagent 3 : Normal saline

PROCEDURE:

Forn Calornimeten/Spectrophotometen:

Blank(B) Standard(S) Test(T)

Reagent 1:Cholestenol Reagent 5.0 mL 5.0 me 5.0 me
Reagent 2: Working Cholesterol

Standard, 200 mg% - 0.05 ml
Serum/plasma .. .. 0.05 ml

Mix well and keep the tubes immediately 4in the boiling water
bath exactly for 90 seconds(1% minutes). Cool them immediately unden
running tap water. Measwre the 0.D. of Standard(S) and Test(T) against



Blank(B) _ on a colonimetern with a yellow green filter or on «a
Spectrophotometen at 560 nm.

CALCULATIONS:

Seaum/plasma cholesternol

in mg/100 ml = 9.D._test , pg9
0.D.Std.
Normal Values:
Noamal value vary with diet and age.
Adults : 130 - 250 mg/100 ml serum/plasma

Childnen : Lower values are found.



APPENDIX IV
FOOD INTAKE

Growp Cersslsrulses ,LSSE Rt @ Other sruies minc  Riosh Off e sugar end
Group D1
A 300 125 .o .o 150 .o 100 .o 25 .o
B 330 115 100 .o 60 .o 400 .o 25 .o
c 370 235 .o .o .o .o 100 .o 15 oo
D 270 50 .o 35 .o .o 300 45 20 .
E 195 50 .o 60 .o .o 400 150 45 .o
Total 1465 575 100 95 210 eee 1300 190 130 .o
Mean 293 115 100 48 105 .o 260 95 26 .o
Group D,
a 250 120 .o 15 145 .o 400 .o 25 .o
B 350 150 150 30 130 .o 300 .o 50 .o
c 330 185 115 45 80 .o 400 .o 35 .o
D 250 50 .o 40 125 .o .o .o 25 .o
E 240 50 20 30 .o .o 100 150 40 .o
Total 1420 555 285 160 480 .o 1200 150 175 .e
Mean 284 111 95 32 120 .o 240 150 35 .o
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Group  Cereals Pulses Leatfy Roots & Other o .4+o Mi1x Flesh 01l and sugar and

Vegetable Tubers Vegetables foods fat jaggary

Group D3

A 285 145 100 35 75 oo 100 oo 30 .o

B 400 135 200 20 50 oo 300 .o 40 oo

c 300 200 .o 45 .o oo oo oo 15 .o

D 470 255 oo 20 140 oo 400 .o 20 oo

E 300 50 oo ve 20 oo oo oo 30 oo
Total 1755 785 300 120 355 .o 800 oo 135 oo
Mean 351 157 150 30 89 oo 267 .o 27 T e
Group D, o7

A 275 105 oo 25 125 oo oo oo 15 oo

B 240 110 oo 30 120 oo oo oo 15 oo

c 130 S0 .o oo 60 .o 200 oo 15 oo

D 350 155 10 20 .o oo 300 150 35 oo

E 280 155 . os 100 oo 300 .. 10 .o
Total 1275 615 10 75 405 .o 800 150 90 oo
Mean 255 123 10 25 101 oo 267 150 18 .o
control T

A 390 30 70 110 80 40 500 oo 45 30

B 285 120 100 50 60 45 400 .o 40 30

Cc ‘450 65 200 100 80 55 400 .o 70 o

D 390 95 200 35 70 50 500 oo 80 60

E 365 155 oo 140 140 40 400 o 30 10
Total 1880 465 570 435 430 230 2200 .o 265 130
Mean 376 93 143 87 86 46 440 .o 53 33

Ly
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gg==_=s======u=z=========-.======:==== =======z=====~g3==°3==T=“=z-
) - vitamin TH¥smin Ribf) =
Bner: carbohyd- Protein Fat Fibre Calcium Iron Carotene = a-
pergy Cygbohya_Froteln T TR Stwn Go SO Ao Few  wm, MES VR
Group IV D w
a 1598 347.4 .48 2141 22.6 1284 37.8 393 .o 1065 0279 6,12 155
b 1502 291.4. 42,5 17.0 846 360 23,7 300 .o 1.05 0.4 12,21 34
e 1273 212.4 40,6 2849 8,6 768 20,2 205 522 0,83 0,91 6,95 16
4 2887 424,3 107.7 51 1642 901 35,7 317 378 1.55 1,93 17.8 44
e ——. 2276 371.5 74,5 53,5 10.3 819 35.1 218 522 198 ° 1,13 21,6 58
Average 1907 329.4 62.6 34,3 13,2 826,4 30.5 286.6 474 1.42 1.03 12,9 61
Control
" a 2439 3951 56,5 67,8 6,6 864 24.8 647 696 1417 0,86 13,9 133
b 2593 410,4 106.4 72,9 1141 1020 5642 7354 522 137 1,02 15,9 = . 200
—C 4297 588,41 96,4 171.1 31.3 2095 6643 14434 348 1.32 1612 18,8 iw=. 481
Tam=m | 3467 494,2 8201 126,5. 11,7 1429 - 69.19 4973 3= 1296 2 1.85 20.4 87
e = T 2860 49546 118,8 59,6 11,2 1137 43,5, . .534 522 1477 1424 20.5 49
Tothl 15656 2383, 4 460.2 497.9 71.9 6545 259,97 27942 3384 7463 6,08 89,5 950
Average 31312's 476,68 92,04 99,58 14,38 1309 51.9 558844 676.8 1.52 1021 17.9 190
29&8838ﬂ=8‘--====a====S=====3======8=======“—‘ = =N =2 D N = 82 B RES =S =S o=
RDA 2800 55 0.4-0.5 24 3000 750 1.4 157 19 ;‘ =40,
( Modersate) @ e

[




APPENDIX V

NUTRIERT INTAKE

=EE2E=EFIssSF 2SS S S == 3 2 S 2 S 2 3 3T ;S I T T =S 2 S [ =, =T S =o=; o= &£ = :, = S ST == =T S =T = o= = o= =T m=mo= = o=

o,

Group Energy Carl::lgzd- Protein Fat Fibre Calcium 1Iron Carotene Vit:mi.n Thiaminen‘jﬁila- Niacin ‘eitamin C
cmm e el UL LS @ ew, (e T R Tle | ew | (e
group I D, ~ ) e - -

a 2059 382,2 52.98 36,3 13.0 490 32.9 400 174 1.26 0.81 1765 . 46 -

b = 2391 373.4 =~ 71.35 6841 9,6 1258 59,1 7772 522 1.62 1,71 20.1 179 -

c 2387 424,5 8145 40,4 17,6 1323 41,5 339 174 2.11 1,11 13.7 23

d 1618 259,.5 47.0 43,3 7.6 887 22,9 930 684 1.33 1023 12,0 63

e 2087 230,7 88,6 90.7 77 840 25.6 674 684 1.1 1.54 13,9 _ 40
Total 10542 1670,3 341.43. 278.8 55.5 4798 182 10115 2238 Ted2" 6,4 772 351
Average 2108 334.,0 68,2 55,76 11,1 960 36.4 2023 447,.6 1.48 1.28 15.4 - 70
Group II D, -

a 2027 333.4 63,2 47.3 12,4 911 3312 _ 379 696 1435 1417 14{15 108 -

b 2793 446,2 87465 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 696 185 - 1,53 19,2 -191

a 1723 327.0 36.2 29,13 22,9 1120 36.3 332 .o 1.39 0.85 = 641 56

e 1995 25745 752 72.0 9,3 367 23,4 1655 174 1.53 .84 12,1 71
Total 11282 1819,5 346.6 28243 72,7 5111 3482.3 13053 1914 7457 5¢91 68.4 _ 504
Average 2256 363,.9 69,3 56.4 14,5 1022 696.4 2610 47845 1.51 le¢g 13,69 ~°T120
- e . - - e et m e ar em e wm  w w e e e e N e m e s M e e e M e e e e e m o e e e e
Group III D, . } L -

a 2190 37642 71.61 44,3 10.8 1159 40.3 7143 174 1.57 1,57 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 = 295

c 1940 - 365,.8 68,9 21.9 17.6 1304 36.6 398 .o 2012 ° 1,6 T 9.13°7 T 6

d © 3290 59941 106.9 46,1 12,2 1054 48,8 386 552 2.18 2444 25,3 59

e 1778 312.4 48 36,3 14,3 362 31.8 344 . 1.24 0,86 11,7 50
Total 12134 2119.1 374.8 231.6 69.1 4792.5 194.4 8900 1074 9475 T o24 84,7 _ 650

Average 2427 423.8 74.9 4603 13,8  958.5 ', 38.8 1780 3s8 1.3 1.44 16,9 130 -

A G AR G eh M G W S o an G e S G @ P M M Gn W T e E W W s W W W M S e G M W G W e W e U Em M e wm am e v W e E W W o e e wm



APPENDIX VI

7
A, GCLYCEMIC RESPONSE AFTER ONE HOUR BEFORE SUPPLEMENATION

Groups Individuals Glycemic
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GLYCEMIC RESPONSE_AFTER ONE HOUR AF TER SUPPLEMENTATION:

Groups Individuals Glycemlc
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APPENDIX VII

A. GLYCEMIC RESPONSE_AFTER_TWO HOURS_BEF ORE_SUPPLEMENTATION;

Glycemic
Response

A 22
B 79
cC 15
D 36
E

D,

27
A 30
B 57
c 35
D 87
E 34

control
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B. GLYCEMIC RESPONSE AFTER_TWO_HOURS AFTER_SUPPLEMENTATION:

=
Glycemic
Response

29
48
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APPENDIX VIII
BLOOD CHOLESTEROL LEVEL BEFORE AND AFTER SUPPLEMENTAT IONs

T =S =28 8= 5SS S ¥ ¥ §£SF =: ;3 §¥ == ¥ =} 3= S ZD =S | =|: = = = = D= =
Groups Individuals Supp? erl?atrl: ation supp]Aj;:;t ation
mgs % mgs %
D, A 200 190
B 210 200
c 225 160
B 210 200
E 240 220
D, A 200 200 B
B 200 200
c 210 200
D 275 265
E 170 170
) Dy A 190 190
B 210 205
(o 220 190
D 210 170
E 200 180
D, A 190 170
B 190 180
(o 190 190
D tie o 160
E 210 200
Ccontrol A 160 -
B 185 -
c 210 -
D 210 -
E 160 -
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