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Abstract
Objective: To determine the glycemic response and satiety of the selected traditional and high fiber preparations of Kerala cuisine in healthy volunteers. 

Methodology: Ten healthy volunteers working at Amrita Institute of Medical Sciences (AIMS) who met the inclusion and exclusion criteria were chosen 
for the study. Blood glucose response was studied after a 12 h overnight fast. Ten traditional and ten high fiber cereal preparations were tested. Capillary blood 
glucose were tested at 30, 60, 90 and 120 mins after consuming the food item using finger prick test. Hunger/satiety scale was used to record hunger, fullness 
and desire to eat after each meal. 

Results: Out of the 10 volunteers who participated in the study 6 were females. The mean age of these subjects were 25.2+1.5. Mean BMI of these 
healthy volunteers were 20.69+1.51. On comparison with the traditional and high fiber cereal preparations of Kerala cuisine there was a significant difference 
in the mean blood glucose values at 120 mins between food items dosa - chutney and wheat dosa - tomato chutney (p=0.001), dosa, chutney and ragi dosa 
- tomato chutney (p=0.041), puttu - banana and corn puttu - kadala curry (p=0.045), puttu - banana and corn puttu - cherupayar curry (p=0.037). The high 
fiber cereals of similar preparations were compared at 120 mins and it was shown that there is a significant difference in the mean blood glucose of ragi dosa 
and rava dosa (p=0.004), wheat dosa and ragi dosa p 0.001 and wheat dosa and lentil dosa (p=0.004). When the satiety scores of traditional and high fiber 
preparations were analyzed there was significant difference with (p=.001). 

Conclusion: High fiber cereal preparations definitely may have a good glycemic response when compared with regular food items. Though there was no 
significant difference in the glycemic response of other foods, the satiety provided by certain foods like oats, broken wheat, yavam, lentils can have a beneficial 
impact on the glycemic control for patients with diabetes. High fiber cereal preparations of Kerala cuisine had a higher satiety score compared to traditional 
preparations which should reduce the quantity of food consumed thereby bringing a better glycemic control.
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Introduction
Diabetes Mellitus is the most common metabolic disorder 

affecting humankind and creating health hazard. The prevalence 
of diabetes in India found to be 32 million in urban and rural areas 
during 2000 and predicted to reach 79.4 million by 2030. Kerala is 
the diabetes capital of India with a prevalence of diabetes as high as 
20% - double the national average of 8% [1,2]. In a large multi-center 

study involving nearly 20,000 subjects, the prevalence of diabetes in 
Thiruvananthapuram was 17% compared to 15% in Hyderabad and 
New Delhi, 4% in Nagpur and 3% in Dibrugarh. One study from central 
Kerala reported a prevalence of diabetes at 20% and prediabetes at 11% 
[3]. Another study from southern Kerala, showed a wide urban-rural 
gradient in age-standardized (30-64 years) prevalence of diabetes 
indicating an important role of lifestyle factors [4]. Though diabetes 
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is associated with aging the recent hike can be attributed to change 
in life styles, poor dietary habits and increased levels of professional 
and personal stress events among the youngsters (25-40 years) thus 
leading to premature deaths and disabling complications. Dietary 
management is a good strategy in monitoring diabetes and avoiding 
further complications. Studies indicated that minor millets such as 
foxtail, little and barnyard are nutritionally superior to conventional 
food grains and exhibit hypoglycemic effect due to presence of higher 
proportion of complex carbohydrate, resistant starch and slow rising 
sugars [5,6]. In addition, millets contain water soluble gum called 
glucans which improve glucose metabolism. Therefore, the millets 
are suitable in diabetic diet to improve metabolic control of glucose. 
We are overfed and under nourished. There is a shift in the staple 
grains. Earlier we used to eat ragi, bajra, thina, millet, jowar etc. along 
with rice and wheat. Now we eat mainly polished rice. Satiety is the 
fullness that persists after eating. It is the quality or state of being fed 
or gratified to or beyond capacity. This is the most important factor 
for good glycemic control.

Hence the present study was conducted with objective to compare 
the glycemic response and satiety of the commonly consumed 
traditional preparations with that of the high fiber cereal grains in 
Kerala cuisine.

Need for the study

As there is a paucity of data on glycemic response of Kerala 
culinery, we selected 10 common traditional Kerala preparations 
and 10 high fiber cereal preparations containing broken wheat, ragi, 
yavam, barley and sooji for characterizing glycemic response.

Materials and Methods
Ten healthy volunteers working at Amrita Institute of Medical 

Sciences (AIMS), aged between 18-55 years of both genders and 
within a BMI range of 18.5-29.9 kg/m2 were chosen for the study. 
These subjects had a plasma glucose < 100 mg/dl and had no infection 
or gastrointestinal disorders. An informed consent approved by the 
Institutional Ethics Review Committee (IERC) was obtained from 
each participant. 

Subjects having a fasting blood sugar > 126 mg/dl, with lifestyle 
diseases, infections, acute illness, smokers, alcoholics, those on a 
therapeutic diet, having a family history of diabetes and who had 
recent weight gain or loss > 3 kg over the past 3 months were excluded 
from the study.

Ten healthy volunteers were chosen for each recipe. On their first 
visit, an oral glucose tolerance test was carried out for all the subjects, 
using 50 g glucose. All the subjects remained on their usual diets, but 
fasted overnight before the study. Fasting blood samples were taken 
at 0 min before consumption of the food and the baseline value taken 
as a mean of these two values. The reference food was consumed 
immediately after this and further blood samples were taken at 30, 
60, 90 and 120 mins after starting to eat. Blood was obtained by 
finger-prick using single-use lancing device. Prior to the finger-prick, 
subjects were encouraged to warm their hand to increase blood flow. 
Fingers were not squeezed to extract blood from the fingertip in order 
to minimize plasma dilution.

The same subjects were given 50 g carbohydrate portions of both 
the traditional and healthy preparations on separate mornings after 
the oral glucose tolerance test. They consumed the test food over a 10 
min period. The traditional foods were rice based preparations with 
a difference only in the method of preparation. On the other hand, 
the high fiber foods were not rice based but had similar method of 
preparation as that of traditional foods. The preparation method of 
the test foods were as follows: Idli - Make a batter of rice and urad 
dal, ferment for few hours, and pour it into and idli mould and steam. 
Appam: Make a thin batter of rice flour with tender coconut, ferment 
and cook in a frying pan. Idiappam - Make dough of rice flour with 
warm water, extrude and steam. Dosa - Make a batter of rice and urad 
dal, ferment and spread a ladle of batter in a frying pan. Tapioca - Cut 
tapioca into small cylindrical pieces cook and season. Pathiri - Make 
dough of rice flour and cook in a frying pan. Upma: Fry rava in a pan, 
add vegetables and water. Cover and cook till done. The same method 
of preparation was followed with ingredients like oats, broken wheat, 
corn, ragi and barley. The carbohydrate content of the test foods 
computed on the basis of Nutritive Value of Indian Foods (NVIF) is 
given in Table 1.

The area under the 2-hour glucose stimulation curve (AUC) was 
calculated for each subject by summing up the four glucose values 
obtained after stimulation and similarly for each test meal. Glycemic 
response of each food item was calculated as follows.

(GR) = AUC of test food

   _______________

              AUC of glucose

Satiety factor of traditional and high fiber cereal recipes was 
carried out from each healthy volunteer using the hunger/satiety scale 
adapted from Geneen roth. The ratings are as follows:

Breakfast items CHO(g)
Idli chutney 49.16
Appam kadala curry 48.98
Idiappam stew 52
Upma banana 50.6
Tapioca fish curry 49.3
Rice+Mango Pulissery+Chena Mezhukuvaratty 53
Puttu+Banana+Pappadam 49.4
Dosa chutney 49.2
Puttu kadala curry 52.2
Pathiri+Masala curry 50.8
Oats upma+tomato chutney 49.8
Broken wheat upma+chutney 49.6
Corn puttu+kadala curry 50.2
Cornputtu+Cherupayarcurry 50.5
Wheat dosa+onion chutney 49.7
Ragi dosa+onion chutney 50.2
Barley upma+tomato chutney 50
Rava dosa+tomato chutney 49.9
Yavam chapathi+cherupayar curry 49
Lentil dosa+tomato chutney 50

Table 1: Carbohydrate content of traditional and healthy preparations items.
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1 - Hungry, 2-5 - Neutral and 6-10 - Satiety. The preparations 
were considered to provide satiety if the values were above 6.

Statistical analysis

Data was analyzed using SPSS 20.0 for windows. Non-parametric 
tests were used. Comparison of blood glucose response of traditional 
and high fiber cereal preparations within groups was done by Wilcox 
on signed rank tests.

Results
12 healthy volunteers were recruited out of which there were 

2 drop outs. Out of 10 volunteers who participated in the study 4 
were males and 6 were females. The mean age of these subjects were 
25.2+1.5. The anthropometric measurements of healthy volunteers 
are given in Table 2.

Mean glycemic response of traditional and high fiber 
cereal preparations

The glycemic response of the 10 traditional preparations tested 
in healthy volunteers is graphically represented in Figure 1. The 
mean blood glucose values of all traditional preparations at 120 mins 
were < 105 mg/dl. There was no significant difference in any of these 
preparations.

Glycemic response of high fiber cereal preparations are shown in 
Figure 2. From the graph it is observed that foods like oats upma, 
broken wheat upma, barley upma, rava dosa, yavam chapathi and 
lentil dosa had a better glycemic response of < 100 mg/dl at 120 mins 
compared to foods like oats upma, corn puttu, wheat dosa and ragi 
dosa. 

Comparison of mean blood glucose between traditional 
and high fiber preparations

On comparison with the traditional and high fiber cereal 
preparations of Kerala cuisine there was a significant difference in the 
mean blood glucose values at 120 mins between dosa - chutney and 
wheat dosa - tomato chutney (p=0.001) Figure 3, dosa chutney and 
ragi dosa - tomato chutney (p=0.041), puttu banana and corn puttu 
kadala curry (p=0.045) which is shown in Figure 4, puttu banana 
and corn puttu - cherupayar curry (p=0.037) depicted in Figure 5. 
There was no difference in the mean blood glucose values at 120 mins 
between upma, oats upma and broken wheat upma, dosa and rava 
dosa, puttu kadala curry and corn puttu kadala curry and cherupayar 
curry.

Comparison of mean blood glucose between high fiber 
preparations

The high fiber cereals of similar preparations were compared at 
120 mins and it was shown that there is a significant difference in 

the mean blood glucose of ragi dosa and rava dosa (p=0.004) shown 
in Figure 6, wheat dosa and ragi dosa with p value 0.001 shown in 
Figure 7 and wheat dosa and lentil dosa (p=0.004) shown in Figure 
8. However there was no difference in the blood glucose values 
at 120 mins between oats and broken wheat upma. Preparations 
of corn puttu with cherupayar and kadala curry also did not show 
any difference. There was no difference in blood glucose values on 
comparing wheat dosa with ragi or rava dosa.

Parameters Mean + S.D

Height 160.75+8.75

Weight 54.2+ 9.44

BMI 20.69+1.51

Table 2: Anthropometric measurements of healthy volunteers.

Figure 1: Glycemic response to traditional preparations of Kerala cuisine in 
healthy volunteers. 

Figure 2: Glycemic response to high fiber cereal preparations of Kerala 
cuisine in healthy volunteers. 

Figure 3: Comparison of mean values between Dosa and Wheat Dosa. 

Figure 4: Comparison of mean values between Puttu and Corn puttu 
kadala curry. 
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Hunger and satiety score

The high fiber cereal preparations such as oats upma, broken 
wheat upma, barely upma, yavam chapathi and lentil dosa had a 
satiety score of 5.71±0.57 which indicates good satiety on comparison 
with traditional preparations (3.78±0.46) with a significant difference 
(P > 0.001) as depicted in Figure 9.

Discussion
In our study the preparations from millets and whole grains like 

broken wheat upma, corn puttu, wheat dosa and ragi dosa showed 
a better glycemic response when compared with rava upma, puttu 
and dosa due to low glycemic index in the high fiber preparations of 
Kerala cuisine.

Oats upma had a better glycemic response than semolina upma as 
the fiber content in oats is higher than semolina. Also the particle size 
of oats is bigger than semolina which contributes to a better glycemic 
response. Diabetic individuals can benefit from diets that are high in 
(β-glucan, which, as a component of oats) [10].

Broken wheat upma had a significant difference compared to 
semolina upma. Broken wheat and other whole grains are good 
sources of magnesium. This mineral is essential to more than 300 
enzymes, especially those that contribute to insulin secretion and the 
release of glucose into the bloodstream. The risk of developing type 
II diabetes can be up to 30 percent lower in people who consume 
cracked wheat and other whole grains regularly.

The preparation with millets had a good glycemic response. The 
millet based diet lowered HbA1c (19.14%), fasting glucose (13.5%), 
insulin (1.9%) concentrations, total cholesterol concentrations 
(13.25%), triglyceride concentration (13.51%) and very-low-density 
lipoprotein cholesterol concentration by 4.5% in the patients with 
type 2 diabetes [11]. In our study, wheat dosa had a better glycemic 
response compared to dosa made of rice flour and black gram. New 
research confirms that refined grains, like white rice, pasta or breads, 
are linked to increased rates of metabolic syndrome, a predictor of 
both cardiovascular disease and type II diabetes. Metabolic syndrome 
is far more common in people who eat refined grains instead of whole 
grains. Cracked wheat and other whole grains decrease the rate of 
metabolic syndrome when added to a daily diet [12].

Over the past decades, the state of Kerala has witnessed a 
substantial increase in the prevalence of diabetes mellitus and other 
non-communicable diseases. This is because of the shift in the 
consumption pattern of Kerala foods from low cost whole grain 
cereals to high glycemic index foods. Dietary management is an 
indispensable tool for the control of glycemia and prevention of 
complications of diabetes glucose. Since foods with low GI caused 
significantly lower post prandial glycaemic response, they are 
considered better for people with diabetes. It has been demonstrated 
by several researchers over the past decades that consumption of 
foods having lower glycaemic response and the higher unavailable 
carbohydrate diets are associated with reductions in body weight, 
improvement in glycemic control and insulin sensitivity [6]. It has 
also been shown that low GI diets are associated with reduced risk 
of type II diabetes and cardiovascular disease [7,8]. GI has become 

Figure 5: Comparison of mean value s between Puttu and Corn puttu 
Cherupayar. 

Figure 6: Comparison of mean value s between Ragi and Rava dosa. 

Figure 7: Comparison of mean value s between Wheat dosa and Rava 
dosa. 

Figure 8: Comparison of mean values between Wheat and lentil dosa. 

Figure 9: Hunger and satiety score of traditional preparations and high 
fiber cereal preparations. 
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an important tool for helping people select the right food to stabilize 
blood sugars [9].

The results in our study show that high fiber cereal preparations 
of Kerala cuisine had higher satiety similar to a study by M. Bacardi-
Gascon with low GI foods [13]. As in our study Ludwig observed 
53% and 81% lower food intake after low GI breakfast and lunch 
respectively, when compared to the intermediate and high GI foods 
[14].

In a pilot study un published data six healthy subjects ate a 
420-calorie breakfast bar after an overnight fast, and then at lunch 
were offered an all-you-can-eat buffet. When subjects ate a barley bar 
at breakfast they subsequently ate 100 calories less at lunch than when 
they ate a traditional granola bar for breakfast. Barley high in beta-
glucan fiber may digest more slowly than standard barley varieties. 
Researchers at USDA and the Texas Children’s Hospital (TCH) 
compared the two and concluded that barley may indeed be especially 
appropriate for obese and diabetic patients. These results were similar 
study where the satiety and glycemic response was better with barley 
upma. Similar to our study, USDA researchers fed barley flakes, barley 
flour, rolled oats, oat flour, and glucose to 10 overweight middle-aged 
women, then studied their bodies’ responses. They found that peak 
glucose and insulin levels after barley were significantly lower than 
those after glucose or oats. Particle size did not appear to be a factor, 
as both flour and flakes had similar effects [8].

Holt did not find an association between glucose AUC and satiety 
scores [9]. Stubbs and Cols (2001). pointed out that more than 26 
studies have shown that complex carbohydrates have the highest 
effect for reducing hunger and limiting the subsequent consumption 
of energy [10]. In the study conducted by Buyken and cols. an 
association was observed between low GI foods, with low A1C [11]. 
In our study the effect on satiety was attributed to the consumption 
of carbohydrates and fiber. Our results suggest that inclusion of high 
fiber cereals in Kerala preparations increases the perception on satiety 
and might be a low cost approach for the control of diabetes [15].

This is the first study in India which has studied the glycemic 
response of the traditional and healthy preparations of Kerala cuisine. 
Dietary intervention was focused on the intake from local low-cost 
resources such as nutritionally rich millets, legumes/lentils, and 
whole grains. Moreover this research recommended foods that are 
locally available, which provided a better glycemic control.

These data thus provide information helpful in the design of diets 
for people with diabetes which contain unrefined carbohydrates in a 
form which is digested and absorbed slowly. However, food culture 
and preference would still need to be considered [16].

Conclusion
There was a significant difference in the glycemic response at 120 

minutes high fiber cereal preparations of Kerala cuisine with food 
items like wheat dosa, ragi dosa and corn puttu. High fiber cereal 
preparations definitely showed a good glycemic response. Though 
there was no significant difference in the glycemic response of other 
foods, the satiety provided by certain foods like oats, broken wheat, 
yavam, lentils surely will have a beneficial impact on the glycemic 
control for patients with diabetes.
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