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Ganyong-kelor snack bar's glycemic index as a diet for diabetics
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ABSTRACT

Background: Lack of insulin or the inability of cells to respond to insulin causes high blood glucose levels or
hyperglycemia, a hallmark of diabetes. Consumption of foods with a low glycemic index and high fiber has been shown
to provide the same benefits as pharmacological therapy in the control of postprandial hyperglycemia and can prevent the
incidence of hypoglycemia in people with diabetes. Ganyong (Canna edulis) is a food source of carbohydrates and fiber.
Kelor (Moringa oliefera) contains protein and some phytochemical compounds which have a hypoglycemic effect.
Objectives: The objective of the study was to analyze the glycemic index of ganyong-kelor snack bars as a diet for
diabetics.

Materials and Methods: Ten respondents fasted for 10 hours and checked their fasting blood glucose levels, then
consumed 105 grams of bread as the reference food. Every 30 minutes after eating, the blood glucose levels were checked.
In the following week, after fasted, all respondents consumed 157 grams of a ganyong-kelor snack bar and checked their
blood glucose levels every 30 minutes.

Results: Every 100 grams of ganyong-kelor snack bar contains 230.13 kcal, 31.97 grams of carbohydrates, 9.25 grams
of fat, and 4.75 grams of protein. In this study, bread was used as a reference food. If bread was corrected with glucose
as a reference food, the glycemic index of the ganyong-kelor snack bar was 38.08. The calculation of the glycemic load
used the converted-glycemic index and the total carbohydrates contained in 100 grams of the food. Ganyong-kelor snack
bar had a glycemic load value of 12.10.

Conclusions: Ganyong-kelor snack bar had good nutritional content and was categorized as food with a low glycemic
index. The hypoglycemic effect of the ganyong-kelor snack bar came from its high fiber content. Ganyong-kelor snack
bar can be consumed as a healthy snack for diabetic people.
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BACKGROUND

Diabetes mellitus is a chronic condition that
occurs as a result of increased levels of glucose in the
blood caused by the body's unable to produce
sufficient amounts of insulin or the body is unable to
use the insulin produced effectively. Lack of insulin
or the inability of cells to respond to insulin causes
high blood glucose levels, or hyperglycemia, which is
a hallmark of diabetes.? In 2017 the prevalence of
diabetes mellitus globally is 8.8% or around 425
million adults with 85-95% of these cases are type 2
diabetes mellitus and is expected to increase to 9.9%
in 2045.2* The prevalence of diabetes mellitus in
Indonesia increases rapidly from 5.7% in 2007 to 6.9
% in 2013 to 8.5% in 2018.% Diabetes mellitus has a
significant economic impact on countries, health
systems, and diabetics or families through direct
medical costs and job losses and reduced wages.®

Modifiable risk factors for type 2 diabetes
mellitus include poor diet and nutrition, excess
adiposity, low physical activity, prediabetes or
impaired glucose tolerance (IGT), smoking habits,
and a history of fetal exposure to high blood glucose

during pregnancy.* Recent evidence suggests an
association between regular exposure to a high
glycemic load diet and causing postprandial
hyperglycemia.®* Consumption of foods with low
glycemic index and high fiber has been shown to
provide the same benefits as pharmacological therapy
in the control of postprandial hyperglycemia in the
medium term and can prevent the incidence of
hypoglycemia in people with diabetes.'*"** This type
of diet can improve insulin sensitivity and fat
metabolism.** This can provide a good choice for
diabetics and can reduce health care costs.

Ganyong (Canna edulis) is a food source of
carbohydrates with a low glycemic index (20.8) and
high fiber (8.59%). The starch content of ganyong
consists of 25% amylose.’>!® The protein content of
kelor (Moringa oliefera) leaves is 35% of the dry
weight. Kelor leaves contain some phytochemical
compounds such as alkaloids, flavonoids, glycosides,
tannins, and steroids, which have a hypoglycemic
effect.}”18 Diabetics must maintain their diet, type,
and calorie content in food, especially in those who
use insulin secretion-enhancing drug therapy or
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insulin injection therapy.® Ganyong-kelor snack bar
is expected to have low index glycemic and can be
consumed as a snack for diabetics without causing
hyperglycemia.

MATERIALS AND METHODS

This research was an experimental study.
Ganyong-kelor snack bar is made using ingredients
such as ganyong/ canna obtained from Giwangan
Market, canna flour obtained from the Center for
Food and Nutrition Studies Universitas Gadjah Mada,
kelor/ moringa leaves obtained from Purworejo, non-
calorie sweetener, skim milk, margarine, eggs, and
essence chocolate. This research has been approved
and received ethical permission from Komite Etik
Penelitian Kesehatan Politeknik Kesehatan (KEPK)
Yogyakarta (LB.01.01/KE-01/XXXIV/731/2018).
Testing of nutritional content includes analysis of
protein (the Kjeldahl method), fat (the Soxhlet
method), carbohydrates (the difference method),
crude fiber (the gravimetric method), and amylose
content (the IRRI method) carried out at the Food
Technology Laboratory, Universitas Gadjah Mada.

The glycemic index test was carried out on 10
subjects who had fasted for 10 hours then ate the
reference food in the form of white bread with 50
grams of carbohydrates. Every 30 minutes (for 2
hours) a 20 uL. blood sample was taken to measure
the postprandial blood glucose level. One week later,
the same procedure is carried out by providing a

snack bar containing 50 grams of carbohydrates. The
glycemic index was obtained by the incremental area
under the blood glucose response curve (IAUC)
method by comparing the area under the blood
glucose response curve to a snack bar with a reference
food.

RESULTS

Ten selected respondents who had signed an
informed consent have normal nutritional status
measured by body mass index (BMI) and fasting
blood sugar 70-100 mg/dL. Respondents fasted for 10
hours and checked their blood sugar twice with an
interval of 7 days. The average result of the first
measurement of fasting blood sugar for all
respondents was 84.90 mg/dL while the second
measurement was 84.30 mg/dL. The mean value of
the two measurements is within the normal fasting
blood glucose range (70-100 mg/dL).

After the respondents fasted and checked their
fasting blood glucose levels, all respondents
consumed 105 grams (50 gr carbohydrates) of bread
as the reference food. Every 30 minutes after eating,
the blood glucose levels were checked for each
respondent. In the following week, after the
respondents fasted, all respondents consumed 157
grams (50 gr carbohydrates) of the ganyong-kelor
snack bar and checked their blood glucose levels
every 30 minutes.

Table 1. Nutrient Content per 100g Ganyong-Kelor Snackbar

Nutrient

100 g Ganyong-Kelor Snackbar

Energy

Water
Carbohydrate
Amilosa

Fat

Protein

Ash

Crude fiber

230.13 kkal

49.79 %
31.97 %
10.04 %
9.25%
4.75 %
4.23%
2.64 %

The blood glucose response of each respondent
after consuming the reference food and ganyong-
kelor snack bar is seen in Figure 1. There was an
increase in blood glucose levels (51.11%) from 84.9
mg/dL to 128.3 mg/dL within 30 minutes after
consuming bread. This blood glucose level becomes
the peak of the increase in blood glucose levels. In the
next 30 minutes, there was a decrease in blood
glucose levels to 121.7 mg/dL or 5.14% of the peak
value and continued to decrease to 24.70% at 2 hours
after consuming bread.

The peak increase in blood glucose levels after
snack bar consumption reached 114.7 mg/dL or

36.06% from fasting blood glucose (84.3 mg/dL).
Measurement of blood glucose levels in the next 30
minutes to 2 hours showed a decrease in blood
glucose levels of 14.55%, 16.73%, and 20.48%
respectively from the highest levels. Compared to
bread, consumption of the ganyong-kelor snack bar
caused a slower increase in blood glucose levels and
closer to normal blood glucose levels after 2 hours of
snack bar consumption. The glycemic index is
calculated from the increase in blood glucose with
fasting glucose levels as the initial value. The
glycemic index is obtained by calculating the broad
curve of the increase in blood glucose levels after
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consuming bread (A) and consuming ganyong-kelor
snack bar (B) in Figure 2. The B/A ratio multiplied by
100 will reveal the glycemic index of the ganyong-
kelor snack bar.The ganyong-kelor snack bar has a
glycemic index value of 55.19. In this study, bread
was used as a reference food. If this study uses
glucose as a reference (glycemic index 100 and

— read

128.3

glycemic index of bread 69) and corrected bread as a
reference food, it will make the glycemic index value
of the ganyong-kelor snack bar to 38.08. The
calculation of the glycemic load uses the converted-
glycemic index value and the total carbohydrates
contained in 100 grams of the food. Ganyong-kelor
snack bar has a glycemic load value of 12.10.

e canyong-kelor snackbar

121.7

84.3

Blood Glucose Response
(mg/dL)

minute 0 minute 30

105.3
96.6
84.9 114.7
98 95.5
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Figure 1. Blood Glucose Response After Consuming Bread and Ganyong-Kelor Snackbar
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Figure 2. Increase in Blood Glucose Levels After Consuming Bread and Ganyong-Kelor Snackbar

Table 2. Glycemic Index of Ganyong-Kelor Snackbar and Bread

Glycemic Index

Glycemic Index

(with glucose as reference) Glycemic Load

Food (with bread as reference)
Bread 100
ganyong-kelor snackbar 55.19

69 32.85
38.08 12.10

DISCUSSION

Diabetics must maintain their diet. type, and

calorie content in food, especially in those who use
insulin secretion-enhancing drug therapy or insulin
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injection therapy.*® A snack is needed to accompany
the main meal in meeting nutritional needs and to help
control diabetics' blood glucose levels. Snack bars are
a food product that has begun to be developed as a
snack for diabetics that can help prevent
hyperglycemia by using foods high in fiber and low
on the glycemic index. It is recommended that
diabetics have a snack that contains 10-15% of their
daily energy needs and can be consumed 2-3 times a
day.®

Adequate energy to do daily activities and
maintain ideal body weight is met by consuming a
ganyong-kelor snack bar with the appropriate portion
and calorie content. Consumption of foods with
excess calories can lead to obesity which is a risk
factor for type 2 diabetes.?! In every 100 grams of
ganyong-kelor snack bar contains 230.13 kcal.
Diabetics can consume 43.45 grams of the ganyong-
kelor snack bar to get 100 kcal of calorie intake. This
portion contains 13.89 grams of carbohydrates, 4.01
grams of fat, and 2.06 grams of protein. Ganyong-
kelor snhack bar has a glycemic index of 55.19. This
study using bread as a reference food. If using glucose
as a reference, makes the glycemic index of the
ganyong-kelor snack bar to 38.08. Based on the
classification of the glycemic index, after correcting
the ganyong-kelor snack bar is included in a low
glycemic index food (> 55).

The ingredients of the ganyong-kelor snack bar
that are thought to have an impact on the low
glycemic index are ganyong/ canna and kelor/
moringa leaves. In these two food ingredients, fiber
content is the part that greatly affects the glycemic
index. The total dietary fiber in 100 grams of canna
starch ranges from 81.9 to 85.9% dry weight. The
high amylose and fiber content in canna affects the
low glycemic index of the ganyong-kelor snack bar.
As a high-carbohydrate food, ganyong has a lower
glycemic index (20.8) when compared to rice
(72.8).1 Consumption of foods with a low glycemic
index can improve insulin sensitivity and decrease the
rate of glucose absorption which improves glycemic
control in diabetics.!*13 22

Food with a low glycemic index will be digested
and converted into glucose gradually and slowly
resulting in a slower release of glucose into the
bloodstream so that the increase in blood glucose
levels will be lower and the fluctuation of the increase
in blood glucose is relatively shorter. This will affect
increasing insulin secretion and glucose consumption
by liver cells which will result in reduced blood
glucose levels. Consumption of foods with a low
glycemic index can improve insulin sensitivity and
reduce the rate of glucose absorption. This can
improve glycemic control in people with diabetes

mellitus.!**22 Some of the factors that influence the
glycemic index are carbohydrate composition,
tertiary structure, and enzymatic digestion.?? Clinical
studies show that consumption of foods high in water-
soluble fiber such as guar gum, pectin, B-glucans
found in nuts, vegetables, fruit, and oat cereals can
control insulin levels and lower postprandial blood
glucose levels.?? The hypoglycemic effect of a diet
high in soluble fiber can be achieved through slowing
gastric emptying and enzymatic absorption, shorter
intestinal transit times, and the formation of a
physical barrier on carbohydrates that slows down
glucose uptake.?%

The glycemic load is defined as the glycemic
index of a food multiplied by the carbohydrate
content in the product. The calculation of the
glycemic load is intended to provide information
about the effect of food consumption on increasing
blood glucose levels associated with the glycemic
index. The lower the carbohydrate content, the lower
the glycemic load. Then the food consumed will
trigger a lower increase in blood glucose levels
compared to the reference food. Ganyong-kelor snack
bar has a glycemic load value of 12.10. This food is
included in the category of moderate glycemic load
foods (range of 11 to 19).

This study has many limitations. The material
used as the standard for measuring the glycemic index
is bread. The author suggests further research using
glucose as a reference. However, the analysis of the
results of this study can provide important evidence
regarding the use of canna and moringa leaves as
materials for snack bars, introducing ganyong-kelor
snack bar as an alternative snack for diabetics, and
can be the starting point for further research.

CONCLUSIONS

Ganyong-kelor snack bar has good nutritional
content and is categorized as food with a low
glycemic index. Ganyong-kelor snack bar can be
consumed as a healthy snack for diabetes without
causing hyperglycemia. Every 100 grams of
ganyong-kelor snack bar contains calories of 230.13
kcal, 31.97 grams of carbohydrates, 9.25 grams of fat,
and 4.75 grams of protein. The glycemic index of the
ganyong-kelor snack bar was 38.08 (low category)
with a glycemic load of 12.10 (moderate category).
The hypoglycemic effect of snack bars comes from
their high fiber content. The hypoglycemic effect of a
diet high in fiber can be achieved through slowing
gastric emptying and enzymatic absorption, shorter
intestinal transit times, and the formation of a
physical barrier on carbohydrates that slows down
glucose uptake. Knowing the glycemic load on food
will help us to choose food and determine food
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portions wisely so that it will limit carbohydrate
intake too high which can cause an increase in blood
glucose levels. This is especially important for
diabetics or people who want to limit their calorie
intake to control their weight.
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