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ABSTRACT

Six composite foods which are commonly
consumed in Karnataka, viz., jowari roti + whole
green gram bhgji, rice + red gram + dha curry,
chapatti + cabbage bhgji, ragi balls + red gam +
amaranthus curry, navani rice + curds + milk, and
bara roti + brinja bhaji were tested for glycemic
and lipemic responses in both normal and NIDDM
subjects. Blood glucose response after oral
glucose tolerancetest and the test meds were used
to compute glycemic indices (Gl). The results
reveded alow glycemic index (55-65%) for all the
six test meds. The Gl of the mill et based med
was the lowest, while the rice based med recorded
higher value in both the subjects, being higher in
diabetic (60-65%) compared to namals (55-62%).
The correlation between protein, fat and fibre
content and Gl of the test meds were found to be
negative in both normals and dabetics. Besides,
millet based test meds elicited the lowest
triglyceride response and the rice based test med
higher, whereas the rest of the diets had
intermediate responses.

KEYWORDS : GLYCEMIC INDEX : MILLET
BASED MEALS.

INTRODUCTION: :

Diabetes mellitus is a dronic metabolic disorder,
which is remgnised by a dronic elevation o
glucose in bood (hyperglycemia) with o without
hyperlipidemia, the ondition mainly resulting
from an absolute or relative deficiency of insulin,
a hormone that controls glucose, fat and amino
add metabalism (1, 2). Henceit is charaderized
by the primary derangement of carbohydrate
metabalism with secondary abnamalities of lipid
and potein metabolism (3). It is in fact a
syndrome and nd a single disease, giving rise to
various compli cations.

The principles of management of diabetes mellitus
are dietary modifications, maintaining normal

body weight, adequate physicd activity, use of
oral hypoglycemic agents and administration o
insulin, if necessary (4). Since the normal
metabolism and uilisation of food is impaired,
diet forms the sheet anchor of treatment of
diabetes. The primary objective of treatment i.e. a
good control of bloodglucose and lipid levels, are
suppementation of high complex carbohydrate
meds with low fat and high detary fibre (2,56).
It is also stressed that more than the quantity of
carbohydrates (60-65% of cdories of a diabetic
diet should be cabohydrate), it is the type of
carbohydrate that is eaten, which has a direct
beaing on the blood sugar level (7).

Hence the present study was uncdertaken to
determine the glycemic index of six compaosite
foods which ae commonly consumed
(cered/millet based staple diets of Karnataka) in
both namal and diabetic subjects (type 2 dabetes
mellitus). Since defects in lipid metabolism are
particularly prevalent in type 2 dabetes, the
lipemic responses of the test meds and serum
cholesterol level were also considered.

MATERIAL AND METHODS:

Eighteen type 2 diabetes, adult subjects (16 males,
2 females) who had registered under the medical
officers and 18 healthy adults, non dabetics (male
8, female 10) of Dharwad city and Haliyal town
were selected for the study.

The detailed experimental plan of the study is
depicted in the flow chart (Table 1). On the first
visit an oral glucose tolerancetest (GTT) was done
with 50 g ducose load for the selected subjeds.
Venous blood samples were withdrawn at zero
minutes i.e. fasting (FBS) and post glucose & 60
minutes (PG;BS) and 120 minutes (PG.BS).
Serum triglyceride was estimated for fasting
(FTG) and two haurs post pranda (PRTG)
samples, serum cholesterol was estimated for
fasting samples.
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Table: 1 Experimental plan
Seledion and enrollment of subjeds
Visit |
(GTT with 50g GLUCOSE to all the seleded subjeds)
Visit Il
(GTT with 50g test cabohydrate food to ead group
with three type 2 diabetes patients and three normal
subjeds)

Test Foods:

Group | - Jowar (Sorghum Vulgare) roti and greengram
(phaseolus aureus bhaji (Ry)

Group Il - Rice (Oryza sative) and redgram dharl
(Cagjanus cgan) curry (Ry)

Group Il — Chapati (Triticum adestivum) and cabbage
(Brasscaoleraced bhaji (Rs)

Group IV — Ragi (Eleusine coracand) balls and redgram
dhal + amaranthus (Amaranthus gangeticus) curry (R,)

Group V — Navani (Setaria italica) rice and curds with
milk (Rs)

Group VI — Bajra (Pennisetum typhoideum) roti and
brinjal (Solanum melongena) bhaji (Re)

The selected dabetic subjects were then randomly
divided into six groups consisting of three type 2
diabetics and three normal subjects. After one
week interval, on the secong visit, subjects from
groups I, II, HI, IV, V and VI were fed
equicarbohydrate test meds vizz. R; to R,
respedively.

The patients were instructed to consume the test
med over 8-10 minutes interval. Venous blood
samples were withdrawn in a similar manner as for
glucose load.

Analysis of blood samples:

The blood glucose, serum triglyceride and
cholesterol were aalysed by using SPAN
diagnostic kits.

Standar dization of meals:

All the recipes were standardized at laboratory
level with respect to equi-carbohydrate (50 g)
proportions, amourt of water added in cooking,
cooking time, addition of other ingredients, like
gpices such as chillies, salt and ail, to enhance
palatability.

Determination of glycemic Index (Gl) :
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Glycemic Index is defined as the area under the
blood glucose response airve for afood, expressed
as a percentage of the aea, after taking the same
amount of cabohydrate in the form of glucose.
Fifty gram portions of carbohydrate were used to
cdculate Gl.

Areaunder blood glucose response

Curve for 50g test carbohydrate food
---------------------------------------- x 100
Areaunder blood glucose response

Curve for 50g ducose

RESULT SAND DISCUSSION: :

The confirmed type 2 diabetes, adult patients were
on aa hypoglycemic drugs and sugar restricted
diet. The diet pattern and physicd activity of the
subjects were more or less similar. The clinica
information about the subjectsis givenin table 2.
Table?2
Clinical detail s of subjeds ®leded for the
experiment
(Mean valueswith their standard deviations)

Normal (N=18) Diabetic (N=18)

Males(N=8) Females(N=10) Males(N=16) Females(N=2)

Age 50.3+6.6 56.1+10.7 57.1 £ 10. 52.5+10.6
(yeas)

Weight 350+45 559+ 68 641+6.8 66.5+9.2
(kgs)

Duration - - 55+37 50+14

Of the Disease (yeas)

The blood glucose response aurves for the medsin
both nondiabetics and dabetics as compared to
that for the reference med (glucose) in the same
subjects are shown infig 1 (af) and Table 3.

A steady rise in boodglucose level was seen after
the ingestion of al reference test meds, the peak
being reached at 60 minutes. In general, the pesk
values for al the test meds were lower than the
reference med in bah the groups, but the blood
glucose levels in dabetics being always higher at
any point of time.

The glycemic index of the six test meds in non-
diabetics and dabetics are shown in table 4. The
mean Gl values of test meds was 59.02% in nan
diabetics and 63.0% in dabetic subjects, with
referenceto glucose being 100%. The mean Gl of
diets ranged from 55-65% in the test meds, the
same being 55-65% in non dabetics and 60-65%
in dabetics.
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Table3

Mean ( £SD) Blood Glucose responses (mg/dl)

Carbohydrate Normal Subjects (N=3/test med) Diabetic subjects (N=3/test med)
Source
Fasting response 1 hour 2 hour Fasting response 1 hour 2 hour

Glucose 88.03 + 9.02 11782+ 816 993 * 6.80 121.38 + 1598 246.37 + 13.64 186.04 = 41.33
Testmed R1  88.03 £+ 9.02 10695 + 8.09 92.36 + 8.03 139.49 £+ 3.92 21716 = 1921 178.79 = 24.16
(jowar based)
Glucose 89.33 £ 239  120.09 + 33 9693+ 266 10557 = 2.79 20521+ 13.67 17498 + 1354
Testmed R2 89.33 + 239  109.29 + 3.18 9317+ 437 10194 + 581 164.89 £12.39 13750 £ 21.5
(Ricebased)
Glucose 87.63 + 9.79 12400 +1043 106.18+1454 12092 + 3141 23107 =+ 4.27 166.68 + 10.09
Test med R3 87.63 + 979 10894 + 3.7 97.59 + 9.67 9179 £1724 15822 * 6.33 1253 + 16.86
(Whea based)
Glucose 88.74 £ 6.92 12217 + 344 10196 £ 902 10956 + 11.38 27761 + 3809 21437+ 5293
Test med R4 88.74 + 692 10832 + 3.87 9793 £+ 086 11858 + 16.38 22745 + 22.99 174.14 + 16.66
(Ragi based)
Glucose 96.05 + 518 12310 + 957 1100 % 231 140.75 £ 22.89 266.42 + 4863 209.36 = 435
Test med R5 96.05 + 518 11214 + 6.6 103.6 = 3.20 156.07 + 22.35 237.09 = 49.07 186.91 + 36.72
(Navani based)
Glucose 9376 + 404 11912 + 7.33 106.1 + 404 10831 + 4.88 2743 + 4977  167.17+ 17.05
Testmed R6 9376 + 404 1090 + 505 9845+ 154 11148 + 4.93 204.41 +1554 1587 + 10.95
(Bajrabased)

Table4 (R4) and rice based med (R;). At a glance, it is

Glycemic Index of the test mealsin diabetic and
normal subjeds (Mean + SD)

Code Test med Normal subjeds  Diabetic subjeds

R1 Jowar roti + whole 5883 * 6.11 62.26 + 3.75
green gram bhaji

R2 Rice +redgramdhal 62.61 + 1.91 65.83 + 9.57
Curry

R3 Chapathi + cebbage 61.1 + 6.38 64.08 + 5.21
Bhagji

R4 Ragi bdls+redgram 6073 + 526 64.46 + 4.54
dha with amaranthus curry

R5 Navani rice + wrds  55.01 + 10.74 6183 + 6.28
with milk

R6 Bajraroti + brinja 55.84 + 7.51 6011+ 3.2
bhaji

It is evident that the GI of rice with red
gram dhal curry test med (R,) was highest in bah
non dabetics and dabetics. The test med R6
(bajra roti with brinja bhaji) showed lowest Gl
followed by navani based med (Rs), Jowar based
med (Ry), Whea based med (R3), ragi based med
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apparent that low Gl was found for millets based
meds in both diabetics and nondiabetics.

Theinterrelationship between seleded nutrients
to Gl of test meals:

Test meds based onmillets Rs and Rs had
high protein content followed by R;, R, Rz and R..
Lower Gl values for Rs and Rs may be partly
explained by the protein-starch interaction effect
on glycemic resporse. Test meds R and Rs had
higher protein content and lower Gl as against test
med R, which had lower protein content
comparatively and higher Gl. However, it was
ohserved that the relation ketween protein content
and Gl of test meds was negative. Although the
test med had a higher fat content, it registered a
lower Gl.

Dietary fibre is known to exert an
inhibitory effect on the starch digestibility.
Though an insignificant relationship was seen
between Gl and dietary fibre, there was a negative
‘r' value —0.2378in nondiabetics and —0.1383in
diabetics, indicating that as fibre ntent of test
meds increased, the Gl valuesin both decreased.
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a. Test meal R1-Jowar roti + Whole
green gram bhaji
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Fasting 1 hour 3 hour

e. Test meal R5-Navani rice + curds with milk

Fig. 1
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—x— Glucose (D)

—o— Test meal R2(N)
—o— Test meal R2(D)
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b. Test meal R2-Rice +redgram dhal curry
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Fasting 1 hour 2 hour
d. Test meal R4 - Raji balls + redgram dhal
with amaranthus curry
—x— Glucose (N)  —o— Test meal R6(N)
—x— Glucose (D) —o— Test meal R6(D)
300
250 1
200 1
150 1
1004
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0
Fasting 1 hour 2 hour

f. Test meal R6-Bajra roti + brinjar bhaji

Blood glucose response in normal (N) and diabetic (D)

subjects to test meals as compared to glucose.
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Table5
Mean ( £SD) Tryglyceride responses (mg/dl) and per increase over fasting

Sl. Carbohydrate Normal Subjects

Diabetic subjects

No. Source
Fasting response 2 hour percentage Fasting response 2 hour percentage
Post prandial change post prandial change

1. Glucose 87.21 + 26.36 97.11 + 22.58 12297 + 48.04 11469 + 25.17

Test med R1 8721 + 26.36 12288 *+ 30.17 40.9 114.69 + 25.17 1622 + 30.23 41.43
2. Glucose 80.62 + 27.03 11188 * 30.36 171.23 + 714 24451 +108.95

Test med R2 80.62 + 27.03 12887 + 12.11 59.85 14964 + 65.88  236.13 +108.26 57.79
3. Glucose 8751 + 1856 109.10 + 19.65 15151 + 21.8 22247 + 39.8

Test med R3 8751 + 1856 11824 + 32.57 35.12 127.71 + 2846  179.04 + 61.65 40.19
4. Glucose 85.03 + 14.02 106.63 + 23.9 133.44 + 51.08 181.37 + 54.22

Test med R4 85.03 + 14.02 11183 * 30.36 3151 125.39 + 43.59 167.82 + 42.18 33.84
5. Glucose 9797 + 2258 12196 + 29.78 105.65 + 74.81 139.61 + 82.0

Test med R5 9797 + 2258 120.71 + 19.34 2321 100.05 + 65.47 126.38 + 78.43 26.31
6. Glucose 7300 = 13.15 87.66 + 34.86 236.96 + 59.16 270.85 + 47.86

Test med R6 7300 = 13.15 83.96 + 20.71 15.01 237.69 = 61.7 27454 + 67.26 155

Mean serum triglyceride responseto test meals:

The mean per cent increase of serum triglycerides
of fasting and after two hours of ingestion d test
medsisgiven table 5.

It isinteresting to nde that the test meds Rs and Rs
elicited the lowest triglyceride response in both the
groups, followed by test meds R, Rs, R; and Ra.
The highest triglyceride respornse was from rice
based test med. No single test med was able to
deaease the serum triglyceride levels below the
fasting value.

Serum cholesterol level in seleded subjects

The mean serum cholesterol level of non dabetics
was 191.29 mg/l00ml and d diabetics,
224.79ng/100ml. There is a dear indication that
the mean cholesterol level in dabetics was higher
than the nondiabetics.  The subjects were
classified based on serum cholesterol level into
caegories as suggested by Raghuram et al (7). It
was found that more non diabetics (61.1%) had
desirable chaolesterol levels compared to diabetics
(111%). As expeded 61.1% of diabetics had
higher level of cholesterol, compared to 222% of
non dabetics.

Considering the glycemic and lipemic responses of
the test meds, tested in the present study, they may
be ranked in the following order depending on
their suitability in planning diabetic diets.

1. Bagraroti with brinjal bhaji (Re)

2. Navani ricewith curds and milk (Rs)

INT. J. DIAB. DEV. COUNTRIES (1999), VOL. 19

3. Jowar roti with green gram bhaji (R,)
4. Ragi balls with red gram dhal + amaranthus

curry (Ry)
5.Chapati with cabbage bhaji (Rz)
6. Ricewith red g'am dhal curry (Ry)
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