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Abstract
Background and Objectives: Glycaemic index of banana has been a burning issue among the populace to consider its suitability to be
consumed by diabetic patients. Banana varieties commonly consumed in Enugu State have been considered to be similar in terms of their
post-prandial effect without an empirical study that assessed their effect on the blood glucose. The study determined the glycaemic
response and sensory attributes of four banana varieties consumed in Enugu State. Materials and Methods: Ten healthy human subjects
participated in the glycaemic response study for each banana variety. The glycaemic response was evaluated using standard methods.
Thirty judges from the Department of Home Science, Nutrition and Dietetics evaluated sensory attributes of the banana varieties using
a 9-point hedonic scale. Descriptive statistics were used to describe the data obtained. One-way Analysis of Variance was used to compare
the means of the glycaemic level and sensory evaluation scores of the banana samples. Post-Hoc analysis was done with the turkey HSD
test. Statistical significance was considered at p<0.05. Results: Subjects recruited for glycaemic response study had a mean age of 23 years
and mean BMI was 21.82 kg mG2. The available carbohydrate content of Gros Michel was 6.19 g/100 g, Red Dacca was 6.29 g/100 g,  Lady’s 
Finger was 4.29 g/100 g and Green Mutant was 5.63 g/100 g. The glycaemic response of all the banana varieties was comparable (p>0.05)
after 120 min. The glycaemic index of Gros Michel was 52, Red Dacca was 24, Lady’s Finger was 45 and Green Mutant was 71. Glycaemic
load of banana varieties was Gros Michel (3.22), Red Dacca (1.52), Lady’s Finger (1.91) and Green Mutant (3.99). The sensory evaluation
result of the four varieties of banana showed that Red Dacca was rated highest in general acceptability. The glycaemic index of the banana
varieties studied shows medium glycemic index except for the Green Mutant variety, low glycaemic load and moderate glycaemic
response. Conclusion: Banana could be consumed by all individuals including diabetic patients as the glycaemic index showed low to
medium level. The Red Dacca variety could be used in the prevention and management of diabetes and should be recommended to
overweight, obese and diabetic individuals.
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INTRODUCTION

Banana is a highly consumed fruit coming second after
citrus and contributing about 16% of the world’s total fruit
production1.  In  Africa,  annual  production  is  estimated2  at
19 MM t. Though banana varieties are one of the most
important commercial crops in the world, 87% of total
production is for local consumption3. In developing countries,
banana is valued as the fourth most important crop after rice,
maize and wheat to about 400 million people in the
underdeveloped and developing countries of the world and
as such contributes to a rich source of energy and nutrients3.
Carbohydrate plays an important role in human diet
contributing 45-65% of total calories4, with healthy
moderately active adults requiring 130 g of carbohydrate
daily4 to sustain brain metabolism and muscle function5. The
rate of digestion and absorption of carbohydrate in food is
dependent on factors such as its protein, fat and fiber content,
the physical form of the food and the chemical structure of the
carbohydrate6. This suggests that the carbohydrate effect on
blood glucose levels varies according to the type of food
consumed.

The glycaemic response is the effect that carbohydrate-
containing food has on blood glucose concentration after
consumption7. Several tools have been developed to help
quantify and communicate the effect of food on glycaemic
response. These include invaluable tools such as glycaemic
index (GI)8, glycaemic load (GL) and glycaemic glucose
equivalents (GGE)9. The glycaemic index method was
developed to determine the effect of equal carbohydrate
portions of different foods on postprandial glucose10.
Reference food can be either glucose or white bread. Foods
are categorized based on their GI values into three: the high GI
foods (>70), intermediate-GI foods (>55-<70) and low-GI
foods (<55)11. Glycaemic load account for how much of
carbohydrate is in the food and how each gram of
carbohydrate in the food raises blood glucose and insulin
levels6. GL is classified as low (<10), intermediate (11-19) and
high (>20). GL is a metric used as a basis for weight loss or
diabetes control12.

A low glycaemic diet has been associated with a
decreased risk of nutrition-related non-communicable
diseases13. Dietary carbohydrates could elevate blood glucose
levels, especially in the postprandial state. Therefore, for
people living with type 1 or type 2 diabetes, a carbohydrate-
rich food could be detrimental to glycaemic control resulting
in complications such as diabetes-related amputations,
neuropathy, retinopathy, nephropathy and coronary artery
disease14,15.  The  incidence  of  type  2  diabetes  accounts  for

more than 90 to 95% of all cases of diabetes mellitus with its
associated economic stress on the health care system 16.
Several factors associated to this include: increase in a
sedentary lifestyle, obesity, lack of physical activity,
consumption of energy-rich diet, longer life span and
smoking17.

Several kinds of research have been published indicating
the glycaemic response of banana varieties18‒20. However,
reports are scarce on the glycaemic response of banana
varieties consumed in Enugu state. This study determined the
glycemic response and sensory attributes of selected banana
varieties widely consumed in Enugu State.

MATERIALS AND METHODS

Study area: The study was carried out in the Department of
Nutrition and Dietetics, University of Nigeria Nsukka, Nigeria in
July 2018.

Study design: The study adopted the experimental design.

Procurement and identification of samples: Four banana
varieties were selected for the study and purchased from
Ogige and Afor Opi markets in Nsukka Local Government Area,
Enugu State, Nigeria. The banana samples were identified at
the Department of Plant Science and Biotechnology of the
University of Nigeria, Nsukka as Gros Michel (Musa acuminata
AAA group), Red Dacca (Musa acuminata), Lady’s Finger and
the Green Mutant.

Determination of available carbohydrates: The phenol-
sulphuric acid method was used to determine the available
carbohydrate content of the banana varieties21.

Ethical clearance: Ethical clearance was obtained from the
health research ethics committee of the University of Nigeria
Teaching Hospital (UNTH) Ituku-Ozalla, Enugu State before the
study commenced.

Subjects: Normoglycaemic undergraduate students
constituted the population of the study. A calibrated wooden
stadiometer (improvised) was used for height measurement.
Height measurement was taken with subjects’ standing erect
on bare feet (removing their shoes), arms relaxed by the sides,
with head raised and face straight, buttocks and heels
touching the flat surface of the improvised standiometre22.
The reading was taken to the nearest 0.1 cm. The value from
height  measurement and age of respondents were keyed into
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the bi-electric impedance analysis machine which then took
their weight, visceral fat, body fat, muscle mass, resting
metabolic rate, biological age and body mass index,
respectively

Sampling procedure: Advertisement on the research was
done in the department of Nutrition and Dietetics, Faculty of
Agriculture, University of Nigeria, Nsukka. Volunteers were
asked questions on general eligibility. Eligible subjects were
informed of the purpose of the study, the rules that would
serve as a guide when the study commences, their right to
withdraw and assurance of the confidentiality of information
volunteered. Sixteen normoglycaemic undergraduate
students aged between X and Y years with body mass index
of between X and Y kg mG2 were enrolled in the study based
on an exclusion criterion.

Procurement of reference food and medical materials:
Glucose and medical materials such as a glucometer, test
strips, lancets were purchased at the Ogbete main market in
Enugu. Cotton wools, methylated spirit and water were
purchased at pharmacy stores in Nsukka.

Preparation of test meals: Ripe banana fingers were served
to the subjects without the use of fried peanuts as popularly
consumed in Nigeria. This is because some factors like fiber,
fat, protein and processing techniques affect the glycaemic
index of foods23.

Glycaemic response determination: The glycaemic response
was determined by the method described by FAO/WHO24. The
reference food was provided in portions equivalent to 50 g
available  carbohydrate.  Fifty grams of glucose dissolved in
250 mL of water served as the reference food for the subjects.
Ten normal subjects were studied on multiple occasions in the
morning after a 12 h overnight fast. Subjects were asked to
abstain from vigorous activities on the day before the test. The
subjects were also asked to abstain from alcohol and smoking
for 24 h before the test. Different quantities of the banana
varieties that would supply 25 g of available carbohydrates
were separately given to the subjects to consume on each day
of the test because the quantity that would supply 50 g of
available carbohydrates for each banana variety was too much
for the subjects to consume within24 10 min. The quantity of
banana that supplied 25 g of available carbohydrates that was
fed to each subject in each group was 404 g for Gros Michel,
398 g for Red Dacca, 601 g for Lady’s Finger and 444 g for
Green Mutant. Fasting blood glucose and postprandial
glucose level were measured at 30 min interval for 2 h using

Gluco Spark glucometer. A day interval was allowed for each
subject before the next test. This was to prevent carryover
effect24. Subjects were advised to remain seated to avoid
physical activity14,24,25.

Glycaemic index and glycaemic load determination: The
glycaemic index (GI) for each test meal for all the subjects
were calculated as14,24‒26:

IAUC of test food 100GI = 
Mean IAUC of standard food 1



where, IAUC is Incremental Area Under the blood response
curve for the tested meal.

Data collected on the glycaemic index was coded and
means and standard deviation were calculated. Glycaemic
index classification according to standards14,24‒26:

C High : 70-100%
C Medium : 56-69%
C Low : <35%

Glycaemic load (GL) was calculated with the formula6:

GI of food Amount (g) of available carbohydrate food per servingGL = 
100



where, Glycaemic load was graded according tostandard6,27:

C High : >20% or above
C Medium : 11 or 19%
C Low : <10%

Sensory evaluation
Development of instruments for sensory evaluation: A nine-
point hedonic scoring form ranging from like extremely to
dislike extremely (9-like extremely, 1-dislike extremely) was
developed to serve as an instrument for the sensory
evaluation. The scoring ranged from like extremely, like very
much, like moderately, like slightly, neither like nor dislike,
dislike slightly, dislike moderately, dislike very much to dislike
extremely28. The evaluated sensory properties included: color,
flavor, taste, texture/mouthfeel and general acceptability29.

Panel selection: Thirty panelists involving students selected
from the Department of Home Science, Nutrition and
Dietetics, University of Nigeria Nsukka were recruited for the
sensory evaluation.
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Sample presentation: The four samples were presented to
the panelists in plate dishes appropriately labeled with codes:
A, B, C and D for Gros Michel, Red Dacca, Lady’s Finger and the
Green Mutant respectively. Water at room temperature was
provided for each of the panelists to rinse his mouths before
and after tasting each sample to avoid the carryover effect of
the test.

Statistical analysis: Statistical analysis was carried using IBM
SPSS statistics software version 22. Descriptive statistics (mean
and standard deviation) were used to describe the data
obtained. One-way Analysis of Variance (ANOVA) was used to
compare the means of the glycaemic response area and
sensory evaluation result of the banana samples. Post-Hoc
analysis was done with turkey HSD. p<0.05 was considered
statistically significant.

RESULTS

Table 1 shows the available carbohydrate, GI and GL of
the banana varieties studied. Available carbohydrate ranged
from 4.29 g/100 g in Lady’s Finger to 6.29 g/100 g in Red
Dacca. Lady’s Finger variety significantly (p<0.05) had the least
available carbohydrate while the available carbohydrate in
Red Dacca (6.29 g/100 g) and Gros Michel (6.19 g/100 g) were
comparable (p>0.05). Green Mutant has the highest GI value
of 71% while Lady’s Finger has the lowest value of 24%. Red
Dacca has the lowest GL value of 1.52% while Green Mutant
has the highest value of 3.99%.

Table  2  shows the anthropometric indices of the
subjects.  The  age  range  of  the  subjects  was 19-32 years.
The  mean  weight  and height of the subjects were
23.46±3.36  kg  and  170.38±10.29  cm.  Body  mass  index
(BMI)  was  21.82 kg mG2.

Table 3 shows the glycaemic response of the banana
varieties under study and their values for glucose drink. The
table shows that the peak value (148 mg dLG1) was attributed
to the glucose drink at 30 min. Green Mutant variety had the
lowest postprandial blood glucose response  at  30  min.  At
120   min,    Gros    Michel    banana   had   the   lowest  effect
(94 mg dLG1) on the postprandial glucose level.

The glycaemic response of the banana varieties
consumed in Enugu State is represented in Fig. 1. Subjects
that consumed the Green mutant banana variety had the
highest mean value (101 mg dLG1) at the end of the study (2 h 

Fig. 1: Glycaemic response of banana varieties consumed in
Enugu State

Table 1: Available carbohydrate, Glycaemic Index (GI) and Glycaemic Load (GL) of Gros michel, Red Dacca, lady’s finger and green mutant
Varieties Portion consumed (g) Available carbohydrate (g/100 g) Glycaemic index (%) Glycaemic load (%)
Gros michel 404 6.19±0.15c 52 3.22
Red dacca 398 6.29±0.02c 24 1.52
Lady’s finger 601 4.29±0.18a 45 1.91
Green mutant 444 5.63±0.07b 71 3.99
Mean±SD of triplicate determinations, Means with the different alphabet (a-c) as superscript differed significantly (p<0.05) while Means with the similar alphabet (a-c)
as superscript are comparable (p>0.05)
Table 2: General Characteristics of the Subjects (n = 13)
Parameters Mean SD
Real age 23.46 3.36
Height 170.38 10.29
Weight 63.72 10.65
Visceral fat 3.54 0.97
Body fat 24.20 9.04
Muscle fat 33.92 7.15
Resting metab. Rate 1430.62 221.72
Biological age 26.08 8.84
BMI (kg mG2) 21.82 1.60
Mean±SD of triplicate determinations, n: Number of subjects
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Table 3: Mean glucose readings (mg dLG1) of Gros Michel, Red Dacca, lady’s finger and green mutant and glucose drink
Minutes
-----------------------------------------------------------------------------------------------------------------------

Variety FBS 30 60 90 120
Gros michel banana 88±6 118±12 107±12 104±16 94±11
Red dacca banana 95±8 113±12 102±9 104±8 98±10
Lady’s finger banana 90±10 115±20 106±19 98±13 96±9
Green mutant banana 88±8 111±15 102±13 102±10 101±11
Glucose drink 89±2 148±7 124±5 112±3 98±6
Mean±SD of triplicate determinations, FBS: Fasting blood sugar

Table 4: Sensory evaluation of gros Michel, Red Dacca, lady’s finger and green mutant
Varieties Colour Flavor Taste Texture/Mouth feel General acceptance
Gros michel 6.77±1.87b 7.23±1.63b 7.63±1.47b 7.40±1.57b 7.43±1.57b

Red dacca 8.27±0.69c 7.57±1.33b 7.60±1.30b 7.63±1.38b 7.77±1.43b

Lady’s finger 4.43±1.94a 5.20±1.97a 5.63±2.16a 5.53±2.05a 5.03±2.24a

Green mutant 7.07±1.80b 6.53±1.66b 6.47±1.87ab 6.77±1.74b 6.70±1.73b

Mean±SD of sensory score (n = 30), Means with different alphabet (a-c) as superscript differed significantly (p<0.05) while Means with similar alphabet (a-c) as
superscript are comparable (p>0.05)

postprandial) while subjects that consumed Gross Michel
variety had the least (94 mg dLG1).

The sensory attributes of the banana varieties are
presented in Table 4. Scores for color ranged from 4.43 in
Lady’s Finger to 8.27 in Red Dacca, flavor 5.20 in Lady’s Finger
to 7.57 in Red Dacca, taste 5.63 in Lady’s Finger to 7.63 in Gros
Michel, Texture/ Mouth Feel 5.53 in Lady’s Finger to 7.63 in
Red Dacca and General Acceptance 5.03 in Lady’s Finger to
7.77 in Red Dacca. Also, the sensory attributes of Gros Michel,
Red Dacca and Green Mutant were similar (p>0.05) but
significantly different (p<0.05) from Lady’s finger.

DISCUSSION

The mean age (23.46±3.36) of the subjects shows that
they were young adults. The result was higher than reported
elsewhere30 which indicated a mean age of 12.6±3.6 years
and lower than that in another study31 where a mean age of
31.2±4.8 years was used to investigate the glycaemic index,
glycaemic load and the glycaemic response of 17 varieties of
dates grown in Saudi Arabia. The mean BMI (21.82 kg mG2)
shows that the subjects were healthy and had normal BMI 
range30. The subjects were neither overweight nor
underweight although the research had its focus on diabetes
management which affects people of different age groups
especially the elderly 32. The study by AlGeffari et al.31 reported
a BMI of 27.5 kg mG2 which indicated recruitment of
overweight subjects. The disparity in result could be as result
of the objectives and target group needed for the study.

The available carbohydrate content of food represents
the carbohydrates that can be broken down and absorbed by

the  human  intestine  when  consumed24.  The highest
amount of available carbohydrate was found in Red Dacca
(6.29 g/100 g). This shows that it contains starch and soluble
sugars in a higher amount than the other varieties of banana
studied.

The glycaemic index of banana varieties studied shows
that Green Mutant has a high glycaemic index (71%) while
Gros Michel (52%), Red Dacca (24%) and Lady’s Finger (45%)
had a low glycaemic index. Glycaemic response refers to the
change in blood glucose level after consumption of a
carbohydrate food6,27. Glycaemic index of foods is affected by
a variety of factors such as variety, carbohydrate type and
fibre33. Different studies conducted on glycaemic response of
banana varieties show that varieties have different GI values20.
This is consistent with the results of Deepa et al.33 where
variety affected the glycaemic index of rice varieties. Some
studies have reported higher GI and GL levels on banana
varieties which is not in line with established GI and GL range
for banana6,27 which could be as a result of the variety used or
the method of calculation used to derive such higher
values18,19. The result from the present study shows that Green
Mutant will not be very appropriate for diabetic subjects and
it could cause a glycaemic spike for diabetic patients. Thus, it
should not be recommended as a healthy snack for diabetic
patients under dietary management or pharmacological drugs
to regulate blood glucose levels. The glycaemic index of Red
Dacca and Lady’s Finger species of banana was low (<55),
hence the assertion among retailers and indigenous people
that they are medicinal could be true.

Glycaemic load is essential in the determination of the
glycaemic  effects   of   food34   and  this  is  used  in  adjusting
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portion sizes to an adequate amount35. Banana is a fruit that
has a low glycaemic load. Low glycaemic load foods have
been associated with lowering the risk of developing type-2
diabetes and coronary heart disease36,37 and may also help
individuals with insulin resistance31. Glycaemic load measures
the degree of insulin demand and glycaemic response
followed by a particular amount of food. This reflects both
quality and quantity of dietary carbohydrate38. WHO/FAO
recommends the consumption of low glycaemic index and
glycaemic load food to prevent lifestyle-related non-
communicable diseases24.

The study on the glycaemic response of Green Mutant
had a lower glycaemic response than Gros Michel, Red Dacca
and Lady’s Finger. The lower the glycaemic load, the smaller
the expected increase in blood glucose (Glycaemic
response)25. Green Mutant from the study had a low glycaemic
load of 3.99 but it was higher than the GL of Gros Michel, Red
Dacca and Lady’s Finger which were 3.22, 1.52 and 1.91,
respectively. This could be explained by the amount of
available carbohydrate (carbohydrate that is digested and
absorbed into the blood and metabolized) and/or fiber
content of the banana varieties which affects the rate of
gastric emptying and small intestine absorption or other
factors16.

The Sensory attributes of the banana varieties show that
Lady’s Finger was the least accepted (5.03). This may be
because it has a sub-acid, apple-like taste 39. Red Dacca scored
the highest for sensory acceptability (7.77). This might be due
to the carbohydrate content of the variety. However, Red
Dacca is one banana that most people see as the banana for
the poor, but it has shown that they have the best glycaemic
effect.

CONCLUSION

The study determined the glycaemic response and
sensory attributes of banana varieties commonly consumed in
Enugu State. Glycaemic response study was done to ascertain
the effect of the banana varieties on the postprandial blood
glucose level. Sensory attributes were determined to check
the relationship between taste and carbohydrate content of
the banana varieties.

Red Dacca contained the lowest value for glycaemic index
and glycaemic load which makes it a healthy fruit for diabetics.
A relationship exists between taste and carbohydrate content
of foods. This could be seen in the results on the sensory
acceptability of Red Dacca in relation to its carbohydrate
content. The sensory acceptability of Red Dacca was directly
proportional to its carbohydrate content.

SIGNIFICANCE STATEMENT

The study shows that the assumptions and controversies
surrounding the consumption of banana among diabetics are
understood and discovered that all individuals can consume
banana with more caution when it is green mutant variety.
However, portion size control is paramount when eating any
of the variety for every individual. This study provides
information for evidence-based dietary counseling and
nutrition education in the clinical or community setting, which
can be used for further purposes in the future.
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