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ABSTRACT

The present study was undertaken to assess the impact of Stevia powder incorporated buns in
comparison to artificial sweetener sucralose and sugar based buns. All the three types of buns
were organoleptically evaluated in terms of colour, appearance, texture, aroma and taste.
Glycaemic response of all the three types of buns were assessed in normal (n=10), obese (n=10)
and diabetic (n=10) adult subjects. Mean scores of colour (7.80), appearance (7.90), aroma
(7.90), texture (7.30) and taste (7.80) of Stevia powder incorporated biscuits were found at par as
sucralose and sugar based buns. Overall acceptability scores of all the three types of buns were
found in the category of ‘liked moderately’. Stevia powder and sucralose based buns had
significantly low glycemic index (GI) in normal and obese, whereas medium GI in diabetic
subjects. Sugar based buns had significantly high GI in diabetic subjects and medium GI in
normal and obese subjects. Hence, incorporation of Stevia powder as a sweetener in baked
recipes instead of sucralose and sugar is a best alternative for obese and diabetic patients.
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INTRODUCTION

Stevia commonly known in Sanskrit as ‘madhu patra’, meaning sweet leaf is natural
and healthy alternative to sugar and artificial sweeteners. It has also been reported that
Stevia rebaudiana, as a non-calorie first natural sweetener used in medicinal green teas for
treating heart burn and other ailments (Vanek ez al., 2001). Even though there are more than
200 species of the genus Stevia, only S. rebaudiana gives the sweetest essence (Savita et
al., 2004). It has been reported that Stevia and its products in cooked or baked foods,
processed foods, beverages and juices, sherbets,etc. have been used since a long time in
Japan, China, Russia and USA (Goyal et al., 2010; Balaswamy et al., 2014). In 1970’s while
cyclamate and saccharin were suspected as carcinogens, Japan began cultivating Stevia as
an alternative which soon gained popularity and got commercialized, hence today it is cultivated
in many countries (Gupta et al., 2014). Stevia leaves have sensory and functional properties
superior to those of many other high-potency sweeteners and is likely to become a major
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source of natural sweetener for the growing food market.

Obesity and its related health problems like diabetes, hyperlipidemia, heart disease and
hypertension are the results of modern lifestyle and changed diets with balance tilted towards
refined foods specially sugar and fat. The over consumption of refined sugars, especially
sucrose promotes inappropriate positive caloric balance, loss of body weight control, excessive
weight gain, which can lead to obesity, a risk factor for some chronic diseases such as
diabetes (Pande and Khetmalas, 2012; Gupta et al., 2014). There is an alarming increase in
the incidence of diabetes in India and with world’s largest population being noted, India is
labeled as ‘Diabetic capital of world’. According to International Diabetes Federations,
diabetes currently affects 382 million people worldwide and India has the second largest
number of people with diabetes (IDF, 2013). Therefore, substituting sugar with low calorie
sweeteners may be efficacious in reducing the weight and its related health problems. So
sugar substitutes like saccharin, sucralose and aspartame gained importance in reducing
calorie intake. However, these are artificial sweeteners can cause more health problems
than they cure (Balaswamy et al., 2014). Globally, scientists have concluded that Stevia
sweeteners are safe for people of all ages. Stevia leaf or extracted forms like stevioside,
rebaudioside A and steviol glycosides was approved by US FDA as a dietary supplement
considered Generally Recognized as Safe (European Food Safety Authority, 2010). With
these facts in view, in the present study, an attempt was made to explore the use of Stevia
rebaudiana as a sweetener in comparison with artificial sweetener sucralose so that the
diabetic and calorie conscious people can add variety to the diet and relish the food.

METHODOLOGY

The raw ingredients for development of buns were procured from local market of
Hisar city and Stevia powder was procured from IARI, Pusa, New Delhi.

Development and organoleptic acceptability of buns :

Three types of buns were developed by incorporating Stevia powder (60 mg), sucralose
(30 mg) and sugar (60 g). Sugar based buns were served as control. Organoleptic acceptability
of three types of buns was assessed in terms of colour, appearance, flavour, texture, taste
and overall acceptability using a nine point Hedonic Rating Scale.

Glycaemic response of buns :
Selection of subjects :

Glycaemic response of Stevia powder, sucralose and sugar based buns was assessed
in normal (n=10), obese (n=10) and diabetic (n=10) adult (males and females) subjects in
the age group of 35 to 55 yrs. The subjects in each category were selected randomly. None
of the subjects were under medication. All the subjects were also informed beforehand
about the experiment and their voluntary consents were taken before conducting the
experiment.

Meal tolerance test :
For assessing the glycaemic response of buns, the reference food (glucose), control
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food (sugar) and test foods i.e. sucralose and Stevia incorporated buns were fed to each
subject. Assessment of glycaemic response was done by Finger prick method by taking the
drop of blood on glucose test strip was checked through Glucometer. On first day, fasting
blood glucose level was measured. After that, 50g available carbohydrates in the form of
glucose (reference food) dissolved in 250 ml water was given to the subjects. The blood
samples were drawn and checked after 30, 60, 90 and 120 min for the postprandial glucose
level. On subsequent days, measured portions of the control and test foods containing 50g
available carbohydrate were fed to each subject. The blood samples were drawn and checked
after 30, 60, 90 and 120 min for the postprandial glucose level. These blood samples were
used to construct a blood glucose response curve for the 2 hr period.

Glycaemic index :

The glycaemic index is a ranking of foods based on the postprandial blood glucose
response compared with a reference food. The glycaemic index was calculated by dividing
the incremental area under curve for the test food by the incremental area under curve for
the reference food and multiplied by 100 (Jenkins ez al., 1981). Formula for calculating area
under curve is given below:

Area under glucose curve of test meal
Glycaemic index = x 100
Area under glucose curve of reference meal

Statistical analysis :
The data were subjected to statistical analysis for analysis of variance in a complete
randomized design using standard methods of Sheoran and Pannu (1999).

RESULTS AND DISCUSSION

Mean scores of colour, appearance, aroma, texture, taste and overall acceptability of
buns prepared using sugar (control), sucralose and Stevia powder are presented in Table 1.

Stevia powder incorporated buns had mean scores of colour 7.80, appearance 7.90,
aroma 7.90, texture 7.30 and taste 7.80. All the scores were found in the category of ‘liked
moderately’ and at par with the scores of sugar based (control) and sucralose based buns.
However, mean scores of overall acceptability of three types of buns were in the range of
7.34 to 7.74, which differed non-significantly and found in the same category ‘liked moderately’.
Similar results were also reported by Salem ef al. (2009) and Serna et al. (2014) who
formulated buns, biscuits and cake by 100 per cent replacement of sugar with Stevia powder
and products were of good organoleptic characteristics.

Glycaemic response of buns :

Data regarding area under blood glucose response curve of all the three types of buns
in normal, obese and diabetic subjects in comparison to glucose load of 50 g are presented in
Tables 2 to 4.
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Table 1 : Mean scores of organoleptic characteristics of buns

Types of buns Colour Appearance Aroma Texture Taste Overall
acceptability

Sugar based 7.80+0.13 7.80+0.10 7.70+£0.10  7.40+0.10 7.90£0.10 7.72+0.06

buns (Control)

Sucralose 7.30+0.15 7.50+0.16 7.30+£0.15  7.20+0.15 7.30+0.15 7.34+0.08

based buns

Stevia powder 7.80+0.13 7.90+0.10 7.90+0.10 7.30+0.10 7.80+0.16 7.74+0.08
based buns

CD (P ? 0.05) 0.12 0.25 0.35 0.09 0.32 0.19
Values are mean + SE of ten independent observations

NS =Non-significant

Sucralose based biscuits containing 30 mg sucralose

Stevia powder based biscuits containing 60 mg Stevia powder

Sugar based biscuits containing 60 g sugar which served as control

Glycaemic response in normal subjects :

Mean area under blood glucose curve for glucose was 5810 mg/dl followed by sugar
based buns 3721 mg/dl, sucralose based buns 3003 mg/dl and Stevia powder based buns
1826 mg/dl in normal subjects. Stevia powder based buns exhibited lowest area under blood
glucose curve as compared to sucralose based buns and sugar based buns (Table 2).

Table 2 : Area under blood glucose response curve (mg/dl) of buns prepared using sugar, sucralose
and Stevia powder in normal subjects
Sr. No. Glucose Sugar based GI Sucralose GI Stevia GI
(Reference) buns based buns powder based
(Control) buns
1. 5468 3371 61.64 2361 43.17 2124 38.84
2. 6495 3768 58.01 2876 44.28 2829 43.55
3. 6435 3842 59.70 2643 41.07 2618 40.68
4. 4995 3683 73.73 3283 65.73 3123 62.54
5. 4950 3018 60.96 2167 43.81 2132 43.52
6. 5328 3486 65.42 3059 57.42 2832 53.17
7. 5762 3652 63.38 2973 51.59 2864 49.75
8. 6349 3821 60.18 2942 46.33 2737 43.11
9. 6426 4856 75.58 4347 67.65 4132 64.31
10. 5892 3774 64.05 3303 56.06 2947 50.02
Mean 5810 3721 64.05 3003 51.70 1826 49.08

Glycaemic response in obese subjects :

Area under blood glucose response curve for control, sucralose and Stevia powder
based buns in obese subjects were found to be 4141, 3247 and 3049, respectively. The mean
values of glycaemic index of control, sucralose and Stevia powder based buns were observed
as 69.24, 54.29 and 50.99, respectively. Sucralose and Stevia powder based buns had lower
glycaemic index in comparison to control buns in obese subjects (Table 3).
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Table 3 : Area under blood glucose response curve (mg/dl) of buns prepared using sugar, sucralose

and Stevia powder in obese subjects
Sr. Glucose Sugar based GI Sucralose GI Stevia GI
No. (Reference) buns based buns powder

(Control) based buns

1. 6160 3910 63.48 2673 43.39 2645 49.93
2. 4325 2683 62.03 2136 49.38 2071 47.88
3. 5942 3476 58.49 2980 50.15 2958 49.78
4. 4961 3815 76.89 2863 57.73 2695 54.34
5. 5431 3927 72.30 2541 46.78 2516 46.32
6. 5679 3878 68.28 3632 63.97 3092 53.54
7. 6468 5335 82.49 4579 70.81 4043 62.51
8. 6851 4589 66.98 3466 50.59 3443 50.25
9. 6743 4910 72.83 3859 57.23 31.26 46.35
10. 7251 4982 68.67 3719 51.26 3552 48.99
Mean 5981 4141 69.24 3247 54.29 3049 50.99

Glycaemic response in diabetic subjects :

Mean area under blood glucose response curve for glucose was 7112 mg/dl followed
by control buns (6003 mg/dl), sucralose based buns (4748 mg/dl) and Stevia powder based
buns (4322 mg/dl). Mean values of glycaemic index of control, sucralose and Stevia powder
based buns were found to be 84.41, 66.76 and 60.77, respectively. Glycaemic index of
Stevia powder based buns was found to be lower than that of sugar and sucralose based
buns in diabetic subjects. Whereas, sucralose based buns exhibited higher glycaemic index
than Stevia powder based buns but lower than control buns in diabetic subjects (Table 4).

Table 4 : Area under blood glucose response curve (mg/dl) of buns prepared using sugar, sucralose
and Stevia powder in diabetic subjects
Sr. No. Glucose Sugar based GI Sucralose GI Stevia GI
(Reference) buns based buns powder
(Control) based buns

1. 6243 5069 81.19 4464 71.52 3824 61.25
2. 6972 5680 81.46 4286 61.47 3558 51.04
3. 7195 5966 82.91 5427 75.44 3929 54.60
4. 7324 5828 79.57 4876 62.92 4545 62.06
5. 6498 5643 86.84 5431 83.58 5157 79.37
6. 7742 6742 87.08 5012 64.75 4820 62.26
7. 6721 5989 89.10 3642 54.18 3437 51.14
8. 6963 5851 84.02 4913 70.56 4750 68.23
9. 7542 6540 8671 4716 62.53 4544 60.25
10. 7926 6812 85.94 4810 60.69 4560 57.54
Mean 7112 6003 84.41 4748 66.76 4322 60.77

Comparison of glycaemic index of buns in normal, obese and diabetic subjects :
A comparative data regarding glycaemic index of buns prepared using sugar (control),
sucralose and Stevia powder in normal, obese and diabetic subjects are presented in Table 5.
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Table 5 : GI values of three types of buns in normal, obese and diabetic subjects

Types of buns Normal Obese Diabetics CD(P<0.5)
Sugar based buns (Control) 64.05 +1.57 69.24+1.74 84.41+£0.97 4.24
Sucralose based buns 51.70+1.36 54.29+0.72 66.76+1.23 3.44
Stevia powder based buns 49.08+1.10 50.99+0.93 60.77+1.35 3.01
CD (P<0.05) 3.51 3.23 3.32

Values are mean + S.E of ten independent determinations

Low GI=0-55 Medium GI = 56-69 High GI =70 or above

GI values of buns prepared using sugar (control), sucralose and Stevia powder were
64.05, 51.70 and 49.08; 69.24, 54.29 and 50.99 and 84.41, 66.76 and 60.77, respectively in
normal, obese and diabetic subjects. Sugar based buns (control) had medium GI values in
normal and obese subjects whereas high GI in diabetic subjects. On the other hand, Stevia
powder incorporated buns exhibited low GI values in normal and obese subjects and medium
GI in diabetic subjects. Stevia products possess potential hypoglycemic effects, as these
influence blood sugar and insulin level of subjects (Parimalavalli and Radhaisri, 2011). The
present results are in agreement with the study conducted on diabeteic women by Savita et
al. (2004) who reported that glycaemic index of control bun and Stevia bun was 72 and 62,
respectively. This might be due to the fact that Stevia powder contains stevioside which is
first metabolized by microbes in the colon and converted into glucose molecule and steviol.
The released glucose molecule is used by the bacteria in the colon and is not absorbed in the
blood stream, whereas steviol is excreted through urine and there is no accumulation of
metabolized components (Geuns et al., 2007; Ali et al., 2013).

Conclusion :

It may be concluded that Stevia incorporated buns were found equally acceptable in
terms of organoleptic acceptability as compared to sugar based and sucralose based buns
and had significantly low GI in normal and obese subjects and medium Gl in diabetic subjects.
Hence, there is need for creating awareness among the people about the nutritional and
therapeutic values of natural low calorie sweetener Stevia incorporated food products for
those who are suffering from obesity and diabetes.
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