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Background: This study was done to determine the effects of a low glycemic index drink (LGI)
on non-fasting blood glucose levels in type 2 diabetic (T2D) rats. Diabetes management has been
associated with foods that has a low glycemic response as research has shown that it improves the
condition. Nutrition therapy has been one of the first option of treatment for the prevention and
management of T2D. Foods with carbohydrates that are slowly metabolized, digested and
absorbed, have been linked with reducing the risk of T2D by improving insulin sensitivity as well
as lowering blood glucose fluctuations. By developing and assessing the impact of a LGI drink in
type 2 diabetic rats, a healthy and therapeutic nutritional option can be available to diabetics on the
local market, further aiding in the management of T2D.

Methods: For a gender unbiased research, both male and female streptozotocin induced T2D
Sprague-Dawley rats (32 each) weighing 195.5+27.7g were assessed, with and without the LGI
drink. Non-fasting blood glucose levels were measured in the blood collected from the tail, once
weekly for twelve (12) weeks using a portable glucometer (Glucolab Blood Glucose Monitoring
System).

Results: Results showed that there was a significant (p<0.05) and consistent reduction of non-
fasting blood glucose levels (NFBG) over the experimental period for the diabetic group that were
fed LGI drink; with average blood glucose levels for the final month being 6.75+0.79 mmol/L as
compared to the diabetic rats (control) which averaged blood glucose levels of 31.39 + 3.94
mmol/L. Results were compared to known goal blood glucose levels for diabetics of normo-
glycemic levels of 4.0-7.7 mmol/L.

Conclusion: This low GI drink may be useful for type 2 diabetic patients that are seeking a
healthy alternative to the high carbohydrate beverages currently available in Jamaica as it lowered
NFBG levels in type 2 diabetic group to that of normo- glycaemic levels 4.0-7.7 mmol/L. The
availability of a LGI drink on the Jamaican market may aid in the maintenance and management of
T2D.

Copyright© The author(s) 2023. This is an open-access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

glycaemia (Brouns et al., 2005). By using this relationship
researchers have come up with ranges in which foods can be

The glycemic index was initially used as a means of classifying
different foods based on their effect on postprandial glycaemia
(Brouns et al., 2005). Research done by the Clinical Nutrition
Research Unit in Uppsala University, Sweden, showed that a
diet characterized by low glycemic index (LGI) starchy foods
lowers the glucose and insulin responses, suggesting a
therapeutic potential in diabetes (Jarvi et al., 1999). The
consumption of LGI diet lowers blood glucose level and can be
used as an inexpensive method of managing diabetes (Ludwig,
2002).

The glycemic index simply measures how much a 50-gram
portion of a carbohydrate can raise blood sugar levels in
comparison to pure glucose that has a glycemic index score of
100. The glycemic index was initially used as a means of
classifying different foods based on their effect on postprandial
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classified based on their GI. Foods that score higher than 70 are
considered high GI foods while those that score 55 and under
are considered low-GIl foods (Cichon et al., 2011) (Reffetto,
2014). The glycemic index is a powerful and practical aid for
diabetics as well as non-diabetics who wish to manage their
blood glucose levels. Diabetes management has been
associated with foods with low glycemic response as research
has shown that it improves blood lipids which cause high
cholesterol levels and thus reduces the risk of obtaining heart
disease, and even weight management (Rock et al., 2014).
Nutrition therapy has been one of the first option of treatment
for the prevention and management of type 2 diabetes by many.
Foods with carbohydrates that are slowly metabolized, digested
and absorbed, and have been linked with reducing the risk of
type 2 diabetes by improving insulin sensitivity as well as the
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concentrations of glycated hemoglobin (Marsh et al., 2011).
Low-carbohydrate diets are oftentimes used to initiate weight
loss in obese people as well as a combined diet of lower
glycemic index carbohydrates and higher protein which is
proved to be the most successful diet for the avoidance of
regaining weight (Foster et al., 2003) (Fabbrini et al., 2012)
(Brand-Miller et al., 2012). It is therefore quite evident that a
low glycemic index diet can have a significant positive impact
on a type 2 diabetic individual. Research done by the Clinical
Nutrition Research Unit in Uppsala University in Sweden,
showed that a low-Gl diet lowers the glucose and insulin
responses, thus suggesting a therapeutic potential in diabetes
(Jarvi et al., 1999). Another research done at the Human
Nutrition Unit, School of Molecular and Microbial Biosciences
at University of Sydney, showed that a low-GI diet reduced
glycated hemoglobin by 0.43% more than that high-GI diets
concluding that low-GI foods has a minute but helpful effect on
glycemic control in diabetic patients (Brand-Miller et al., 2003)
and backing the findings of previously mentioned was research
done by Marsh et al., 2011. Low Gl diet lowers blood glucose
level and can be used as an inexpensive method of managing
DM and for this reason is becoming quite popular as an
alternative to the medications available (Ludwig, 2002).
Contradictory, studies carried out by Kristo et al., 2013,
concluded that in comparing low and high GI diets via
measures of Dblood lipids, glucose homeostasis, and
inflammation showed inconsistency in results; suggesting that
the use of low GI foods use in the formulation of dietary
recommendations is premature (Kristo et al., 2013).

Convenient foods are becoming more sought after as
individuals are having less time to prepare a healthy meal due
to their busy lifestyles. Over the past years there has been an
increase in demand for not only fast foods but also
supplemented drinks, especially for persons suffering from
nutritional deficiencies or comorbid diseases such as diabetes.
This study was conducted to aid in the development of a LGI
drink and make it commercially available to the diabetic
population.

MATERIALS AND METHODS
Study Population

Sprague-Dawley rats weighing 150-250g at 90 days of age
were obtained from the Animal House of the University of the
West Indies.

Design of experiment

Sprague-Dawley rats weighing 150-250g at 90 days of age
were obtained from the Animal House of the University of the
West Indies. Animals were housed in stainless steel cages,
which were cleaned daily and under a 12/12-hour light/dark
cycles with rats having free access to food and water. A
modified version of previously used protocol for Fructose-fed
streptozotocin-injected rat model for type 2 diabetes; Wilson et
al, 2012 was used to induce type 2 diabetes in rats. Rats were
fed with rat pellets and 10 % fructose solution in place of water
for the initial 2 weeks after which rats were intravenously
administered 40 mg/kg BW streptozotocin (STZ) of
concentration 15 mg/ml in a citrate buffer of pH 4.4. Rats were
fed normal drinking water for reminding of experiment.
Animals with non-fasting blood glucose (NFBG) level > 16
mmol/L one (1) week after STZ injection were considered as
diabetic.

Rats were divided into four (4) groups each having 4 males and
4 females; T2D rats fed the LGI drink (DL); Non-diabetic rats
fed the LGI drink (NL); T2D rats control (D) and Non-diabetic
rats control (N). Based on the daily requirements for Glucerna
diabetic drink, each rat was given 12 ml of the LGI drink daily
in groups DL and NL which was drank in its entirety after
which, the normal diet of Formulab Diet rat food (purchased
from OK Feed Store, Miami, FL., U.S.A) and water was
resumed.

NFBG levels were measured in the blood collected from tail,
once weekly for twelve (12) weeks using a portable glucometer
(Glucolab Blood Glucose Monitoring System). Animals were
sacrificed after experimental period using Sodium
Pentobarbital 100 or > mg/kg IV as euthanasia agent and blood
and organ samples collected for further biochemical,
physiological and morphological testing.

Ethical Approval

Animals were maintained in accordance to the rules and
regulations of the University of the West Indies, Mona Animal
Ethics Committee (Ethical approval number: AN 17,13/14).

Test food

Vegetable drink consisted of beetroot (Beta vulgaris) 2%,
cucumber — (Cucumis sativus) 6%, and carrot (Daucus carota)
25% as main ingredients. The glycemic index was previously
determined prior experiment. Proximate analysis for
carbohydrate, fat, crude protein, moisture, dietary fiber content
and ash were determined using the AOAC (2002) standard.
Total carbohydrate was done by difference according to
FAO/WHO Expert Consultation protocol (Food and
Agriculture Organization & World Health Organization, 1998).

Statistical Analysis

Statistical analysis was performed using GraphPad Prism
version 6. Data obtained from the experiments are expressed as
mean + SE. Values of p < 0.05 were considered significant
using One Way Anova test.

RESULTS

Results showed that there was a significant (p < 0.05) and
consistent reduction of non-fasting blood glucose (NFBG)
levels over the experimental period for diabetic groups that
were under the were fed the low Gl drink with average blood
glucose levels for the final month being 6.75 + 0.79 mmol/L as
compared to the non-treated diabetic rats (control) which
averaged blood glucose levels of 31.39 + 3.94 mmol/L (Fig 1)
(Table 1).
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Fig. 1. Mean non- fasting blood glucose concentration. D- Diabetic rats fed
normal rat diet; DL- Diabetic rats on low glycemic index drink; N- Non-
Diabetic rats fed normal rat diet; NL- Non-Diabetic rats fed low glycemic
index drink. Data are shown as the mean + standard error of the mean.
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Table 1 Initial and final non-fasting blood glucose levels

Initial Non-Fasting Blood Final Non-Fasting Blood

Groups Glucose (mmol/L) Glucose (mmol/L)
D 23.62+1.19° 29.40+4.00°
DL 25.63+4.20° 6.40+0.06°
N 5.73+0.56° 493+044°
NL 5.67 +0.28"° 417+035°

D- Diabetic rats fed normal rat diet; DL- Diabetic rats on low glycaemic index
drink; N- Non-Diabetic rats fed normal rat diet; NL- Non-Diabetic rats fed low
glycaemic index drink. Data are shown as the mean + standard error of the
mean. Figures in vertical columns with different superscripts are significantly
different; p <0.05 One Way ANOVA test.

DISCUSSION

All non-diabetic animals had a significantly lower (p < 0.05)
glucose level over the three (3) month period when compared
to the diabetic irrespective of the treatment (table 1). This was
expected as type 2 diabetes is a metabolic disorder that is
characterized by high blood glucose in the context of insulin
resistance and relative insulin deficiency (Kumar et al., 2005)
(Khardori, 2013). The diabetic animals would therefore have
insulin resistance thus would be unable to lower blood sugar.
Untreated diabetic rats (D) had the highest NFBG levels over
the experimental period as expected as untreated type 2
diabetes can lead to several complications, such as damages to
vital organs and even ketoacidosis which causes uncontrollable
NFBG levels (Kumar et al., 2005) (Khardori, 2013). The
diabetic rats which were fed the low Gl drink (DL) maintained
a consistent glucose level over the experimental time frame
with a significant reduction (p < 0.05) by week 16 as seen in
Fig. 1. This was expected as a low Gl diet release glucose
slower than medium and high GI foods. Carbohydrates that are
broken down and absorbed quickly during digestion and release
glucose rapidly into the bloodstream are referred to as high
glycemic index while those that break down more slowly and
release glucose moderately into the bloodstream have a low
glycemic index and that which releases glucose at an
intermediate rate into the blood stream is considered to have a
medium glycemic index (Ludwig, 2002) (Brand-Miller et al.,
2002) (Cichon et al., 2011) (Reffetto, 2014). Within the first
week of treatment the DL group had a significant (p < 0.05)
reduction in NFBG level which trended towards a normo-
glycemic condition (Fig 1.). From this result it can be
concluded that the LGI drink can aid in the management and
maintenance of the NFBG levels in T2D.

CONCLUSION

This low GI drink may be useful for type 2 diabetic patients
that are seeking a healthy alternative to the high carbohydrate
beverages currently available in Jamaica as it lowered NFBG
levels in type 2 diabetic group to that of normo- glycaemic
levels 4.0-7.7 mmol/L. The availability of a LGI drink on the
Jamaican market may aid in the maintenance and management
of T2D.
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