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Background: Beans are recommended for their richness and for their salutary effect on blood glucose. Inter-species differences
impact on blood glucose. What appeared unknown is whether varieties of beans of the same species (Vigna unguiculata [Linn]
Walp) have differential effects on blood glucose when equal amounts are consumed.

Obijective: To perform proximate analysis and compare the glycaemic indices on consumption of Vigna unguiculata (Linn) Walp
species.

Setting and subjects: This was an experimental study and subjects consisted of 12 healthy consenting participants at Lagos
University Teaching Hospital (LUTH) in Lagos, Nigeria.

Outcome measure: Fibre contents and the glycaemic indices of Vigna unguiculata (Linn) Walp varieties ‘oloyin;,‘drum’and ‘Sokoto
white.

Results: The mean (+SD) crude fibre content of Vigna unguiculata (Linn) Walp varieties ‘oloyin’, ‘drum’and 'Sokoto white’ are 2.75%
(£ 0.00), 2.64% (+ 0.14) and 2.94% (£ 0.17) respectively. The median (95% Cl) glycaemic index (Gl) of Vigna unguiculata (Linn)
Walp variety ‘oloyin’ was 12.10% (6.0-16.31), variety ‘drum’ 17.64% (9.22-48.93) and variety ‘Sokoto white’ 12.04% (5.54-28.94)
respectively. The Gl of the bean meals differed significantly (Friedman'’s test, y? (2) = 6.500, p = 0.039).

Conclusion: The fibre content of intra-species beans, together with their G, differs.’Drum’bean meal has the lowest fibre content
and highest glycaemic response. ‘Oloyin’ and ‘Sokoto white’ bean meals are recommended for persons with DM as some beans

’

are more diabetic friendly than others.

Keywords: beans (Vigna unguiculata [Linn] Walp), diabetes mellitus, fibre, glycaemic index, Nigerian

Introduction

Management of diabetes mellitus (DM) begins with proper
feeding (diet), which is one of the legs of the tripod of diabetes
treatment. Others include physical activity and medications
where needed.' The essence of medical nutrition therapy is
maintenance of a normal or near normal blood glucose, blood
pressure levels, optimal serum lipid levels and reasonable weight
in order to prevent complications in DM.?2

The American Diabetes Association (ADA) recommends a low
carbohydrate diet to reduce weight for those with or at risk of
type 2 diabetes.> One of the ways of achieving low plasma
glucose excursion is by ingestion of a low Gl diet that is rich in
fibre. Gl factor is a ranking of foods based on their overall effect
on blood glucose levels. It reflects the quality of the effect of the
glucose released into the circulatory system.* Low Gl foods, such
as legumes, provide a slower, more consistent source of glucose
to the bloodstream, thereby stimulating less insulin release than
high Gl foods, such as white bread.** Association between high
Gl diets and increased risk of chronic diseases through sustained
hyperinsulinaemia and hyperglycaemia has been reported in the
literature.’ Previous studies have described the benefit of
consumption of low Gl diets in reducing insulin response and
improving glycaemic and lipid concentrations in persons with
diabetes mellitus and healthy controls alike.®°

Beans (Vigna unguiculata) are one of the staple local foods
consumed by the populace. A study among healthcare givers in
llorin, Nigeria reported that healthcare givers prescribed bean

meals as a major component of daily dietary therapy for persons
with diabetes."" It is known that beans and their products have
low GI, depending on the mode of preparation.’>'* What appears
to be unknown is whether differences exist in the way members
(referred to as varieties) of the same species of beans (Vigna
unguiculata [Linn] Walp) have differential effects on blood
glucose when equal amounts are consumed. The aim of this
study was to determine the fibre content and glycaemic effect of
three varieties of commonly consumed beans among healthy
individuals. We hypothesised that there is no difference between
the glycaemic indices of the three varieties of Vigna unguiculata
(Linn) Walp bean meals.

Materials and methods

This study was an experimental study conducted at Lagos
University Teaching Hospital (LUTH), one of the tertiary hospitals
in Lagos State, Southwest Nigeria." The study was conducted
between September and November 2012. It was approved by
the Health Research and Ethics Committee of LUTH and the
guidelines of the Declaration of Helsinki ethical principles of
human research were followed." Informed consent was obtained
from each study participant following a discussion session in the
best understood language. The Gl of a meal was determined
from data collected in five to 10 human participants as developed
by Jenkins and colleagues.*'

Inclusion criteria included apparently healthy volunteers
between ages 40 and 65 years, individuals without a first-degree
family history of DM, individuals not on medications that could
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Figure 3. Vigna unguiculata (Linn) Walp variety ‘oloyin’

alter plasma glucose such as steroids (corticosteroids, birth
control pills), thiazide diuretics, antipsychotic medicine and
individuals with no history of smoking or significant alcohol
consumption. Exclusion criteria included age below 40 and
above 65 years, people who had a medical history of
gastrointestinal disturbances such as intolerance to milk and
bean meals, malabsorption or diarrhoeal ilinesses. Pregnant and
lactating women were also excluded.

Twenty-one volunteers who met the inclusion criteria were
recruited into the study. Demographic variables such as age,
gender, occupation, family history, education, and social history
were recorded while anthropometric measurements such as
body weight, height, waist circumference (WC), hip circumference
(HC) using standard techniques were recorded on the study data
forms. Pre-test instructions were given to all consenting
participants and included an overnight fast for at least eight to
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12 hours before the test, avoidance of legumes in meals
preceding the fast, intake of a recommended standard
carbohydrate diet without restriction and abstaining from
strenuous physical exercise. Participants were to refrain from use
of any medications (besides prescribed medications) for at least
three days before the test. Screening tests using fasting plasma
glucose on two different occasions excluded participants with
dysglycaemia. Of the 21 consenting volunteers, six individuals
were excluded (three persons had impaired fasting glucose, two
persons arrived late and one person failed pre-test instructions).
Fifteen individuals were stratified into four groups; each group
was administered a 50 g glucose challenge test and the three
test bean meals at different times once weekly (every Wednesday
morning by 7:00 h) for four weeks. Twelve apparently healthy
persons completed the study as three individuals withdrew from
the study due to inability to adhere to the pre-test instructions.

Test beans identification

Three varieties of beans (Vigna unguiculata) were used in this
study. These were Vigna unguiculata (Linn) Walp variety ‘oloyin;
Vigna unguiculata (Linn) Walp variety ‘drum’ beans, and Vigna
unguiculata (Linn) Walp variety ‘Sokoto white’ beans. The
nomenclature of these beans was obtained from the international
herbarium of the department of Botany, Obafemi Awolowo
University (OAU) lle-Ife with voucher no: IFE, 16974. These
varieties of beans were purchased from the same market.
Proximate analysis of the purchased raw beans was done at the
Federal Institute of Industrial Research (FIIRO) Oshodi, Lagos,
Nigeria. FIIRO falls under the Federal Ministry of Science and
Technology. The processed beans were analysed for moisture,
ash, crude fibre, protein and fats.

Test beans analysis

The component of the bean meals to provide 50 g of carbohydrate
was determined from the proximate analysis of the Vigna
unguiculata (Linn) Walp variety ‘oloyin’, Vigna unguiculata (Linn)
Walp variety ‘drum’ beans, and Vigna unguiculata (Linn) Walp
variety ‘Sokoto white' beans and food tables for Africa."” Fifty
grams of carbohydrate was equivalent to 80 g of raw ‘oloyin’
beans, 77 g of ‘drum’ beans and 77 g of ‘Sokoto white’' beans. A
multiplication factor of two was used to obtain 50 g of
carbohydrate in the uncooked beans. Hence, 160 g of boiled
‘oloyin’ beans, 154 g of ‘drum’ beans and 154 g of ‘Sokoto white’
beans were served.

Two kilograms of whole seeds of ‘oloyin; ‘drum’ and 'Sokoto white’'
beans were rinsed and cooked separately by boiling in clean
water for about two hours until the bean seeds became soft and
edible for consumption. Ingredients such as palm oil, pepper,
salt, and crayfish were not added in order to obtain the absolute
Gl of each bean meals.

Procedure

Participants were rested for at least 30 minutes after arrival on
procedure days. Each participant had an intravenous cannula
inserted into a superficial vein of the cubital fossa under aseptic
procedure. These were after an overnight fast of at least 8 h but
not more than 12 h on the day of the experiment (between 7:30
and 8:00am) on a weekly basis, drawing the fasting (zero minutes)
blood sample. Four millilitres of venous blood were taken from
each participant. The blood samples were then divided into
aliquots of two millilitres each into a fluoride oxalate bottle and
an ethylene-diamine-tetra-acetic acid (EDTA) bottle. All samples
were initially stored in ice packs until the end of the procedure.
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Study participants were divided into four groups and each group
drank 250 ml of glucose water containing 50 g of anhydrous
glucose (reference food) or consumed the 50 grams of
carbohydrate of the test bean meals (1609 of boiled ‘oloyin’ bean
meals, 154 g of boiled ‘drum’ beans and 154 g of boiled ‘sokoto
white’ beans) assigned on weekly basis, devoid of added
ingredients. Two hundred and fifty millilitres of plain water was
provided to be taken along with the bean meals, which were
taken at a comfortable pace but within 10 minutes.

Subsequently, 2 ml of venous blood was drawn at 30, 60, 90 and
120 min after the initial sample collection at zero minutes into
the fluoride oxalate bottle. Blood samples in the fluoride oxalate
bottles and ethylene-diamine-tetra-acetic acid (EDTA) bottle
were analysed for plasma glucose and glycosylated haemoglobin
levels (HbA1c) respectively.

Assay

Plasma glucose concentration was measured with the
spectrophotometer with the aid of glucose oxidase preparation
supplied by Randox Laboratories (Crumlin, Co Antrim, UK) using
the principle of Trinder reaction. The respective intra-assay and
inter-assay coefficients of the variation percentage (CV%) of
3.11% and 4.11% for plasma glucose were within the acceptable
range of variation. Glycosylated haemoglobin was measured
from the venous blood samples by a principle based on
boronate affinity chromatography with the aid of the Biorad
in-2-itglycosylated haemoglobin autoanalyser and test
cartridges (VARIANT Il Hemoglobin Testing System from Bio-
Rad, California, USA) after the initial standardisation of the
autoanalyser with a system check cartridge.

Statistical analysis

Analysis and calculations were performed using the statistical
package for social sciences (SPSS®) version 20 software (IBM
Corp, Armonk, NY, USA). Data distribution using a Kolmogorov-
Smirnov test was used to determine appropriate statistical
analysis. Summary descriptive data were expressed as median,
confidence intervals, proportions and tables. A Friedman
statistical test was used to compare the variables of the three
varieties of bean meals in each study group. Thereafter, a
Wilcoxon signed post hoc test with Bonferroni correction' was
done to identify the bean meal(s) with statistical difference while
p < 0.05 was considered statistically significance.

Definition of terms

+ ‘Drum’ bean: Vigna unguiculata (Linn) Walp variety ‘drum’.

Glycaemic index: The glycaemic index of a food is defined as
the incremental area under the two-hour blood glucose re-
sponse curve (IAUGC) for a 50 g carbohydrate equivalent of
the test meal divided by the IAUGC of the standard meal
(glucose) and multiplied by 100.

Incremental area under glucose curve: The cumulative
changes in the post-prandial plasma glucose for the test
meal or glucose load, which is calculated by the trapezoidal
rule with fasting concentration as the baseline and truncat-
ed at zero."”

‘Oloyin’ bean: Vigna unguiculata (Linn) Walp variety ‘oloyin’.

‘Sokoto white’ bean: Vigna unguiculata (Linn) Walp variety
‘Sokoto white'.

Two-hour post prandial glucose: plasma glucose measure-
ment 2 hours after meal consumption.

Results

The clinical, biochemical and anthropometric indices of the
study participants are given in Table 1. Twelve consenting
participants in good health without a family or personal history
of DM took part in this study. Their ages ranged from 40 to
60 years with median age 50.5 years with female and male
participants’ages being 50.5 (44-56) years and 51 (46—57) years
respectively. The study participants included eight (66.7%)
females and four (33.3%) males. The median body mass index
(BMI) of the study participants was in the overweight range while
median HbA1c and fasting plasma glucose were within normal
limits.

The fibre content of Vigna unguiculata (Linn) Walp variety ‘Sokoto
white' was highest at 3.2 g while Vigna unguiculata (Linn) Walp
variety ‘oloyin’ was 2.24 g and Vigna unguiculata (Linn) Walp
variety ‘drum’ at 2.22 g as shown in Table 2. The incremental area
under glucose curve (IAUGC) determined by trapezoid rule for
study participants ranged from 31.03 x 10% to 81.50 x 10®> mg.
min/dL with Friedman test of ? (2) = 6.500, p = 0.039 as shown in
Table 3. Post- hoc analyses showed there were statistically

Table 1: Clinical, biochemical and anthropometric characteristics of the
study participants.

Characteristics Study participants (n =12)

Age (years) 50.5 (45.5-55.5)
Sex (no. (%))

Female 8 (66.7)
Male 4(33.3)
HbA1c 4.85 (4.55-5.60)
FPG (mg/dl) 91.5 (82.5-98)
Height (m) 1.65 (1.59—1.66)
Weight (kg) 78 (72—82)
BMI (kg/m?) 29.1(26.2-31.6)
WC (cm) 98 (85.5-100.5)
WHR 0.90 (0.84-0.93)
SBP (mmHg) 120(115-130)
DBP (mmHg) 80 (70-84)

Notes: Values are expressed as median (95% Cl) except for sex values which are
reported as numbers with percentage. A p-value < 0.01" is statistically significant.
Cl = confidence interval; HbA1C = glycosylated haemoglobin; SBP = systolic blood
pressure; DBP = diastolic blood pressure; FPG = fasting plasma glucose;

BMI = body mass index; WC = waist circumference; WHR = waist circumference to
hip circumference ratio.

Table 2: Proximate analysis of the study beans.

Macronutrient Percentage (w/w) of beans

‘Oloyin’ ‘Drum’  ‘Sokoto white’
Moisture 5.99 6.35 5.70
Ash 3.95 3.96 3.94
Fat (ether extract) 1.86 297 2.13
Crude fibre 2.24 222 3.20
Crude protein 23.48 19.63 19.74
Carbohydrate 62.48 64.87 65.29

Notes: %(w/w): percentage weight per weight; ‘oloyin’bean aka Vigna unguiculata
(Linn) walp variety oloyin; ‘drum’bean aka Vigna unguiculata (Linn) walp variety
drum beans (olo I); and ‘sokoto white’ bean aka Vigna unguiculata (Linn) walp
variety ‘sokoto white’ beans. Carbohydrate is nitrogen-free extract and determined
by the difference of other micronutrients from 100%.
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Table 3: Glycaemic response of study participants.

Response Median (95% Cl) Friedman p-

index ‘Oloyin’ ‘Drum’ ‘Sokoto test value
white’

FPG 88 93.5 89 (85- 2.667 0.264

(mg/dl) (81.5-98.0)  (89.5-98.5) 93.5)

2HPP 91.5 85.5 94.5 (88-98) 0.128 0.938

(mg/dl) (85-98.5) (80.5-93.5)

IAUGC (x 31.03(15.84 81.48(39.60 51.96(21.10 6.500 0.039*

10°) (mg. —63.00) -117.88) -83.90)

min/dl)

Gl (%) 12.10 17.64 12.04 6.500 0.039*

(5.54-16.31) (9.22-48.93) (6.00-28.94)

Notes: Values are expressed as median (95% Cl); p-value of < 0.05* is statistically
significant.

Cl = confidence interval; FPG = fasting plasma glucose; PPG = peak plasma
glucose; MIPG = maximum increase in plasma glucose; 2HPP = 2hour post
prandial; IAUGC = incremental area under glucose curve; Gl = glycaemic index.

Table 4: Post-hoc analyses with Bonferroni corrections of significantly
different responses.

Statistically Comparison of  Wilcoxon signed  p-value*

significant bean meals rank post hoc

response index analysis (2)

IAUGC ‘Oloyin’/'drum’ —2.667 0.008"
‘Oloyin’/'sokoto -1.334 0.182
white’

‘Drum’/'sokoto -1.412 0.158
white’

Gl ‘Oloyin’/'drum’ -2.510 0.0121
‘Oloyin’/'sokoto -1.490 0.136
white’

‘Drum'/'sokoto -1.020 0.306
white’

*Bonferroni correction applied resulting in a significance level set at < 0.0177.
IAUGC = incremental area under glucose curve;
Gl = glycaemic index, DM = diabetes mellitus, Non DM = non diabetes mellitus.

significant differences between Vigna unguiculata (Linn) Walp
variety ‘drum’ and Vigna unguiculata (Linn) Walp variety ‘oloyin’
bean meals of the study participants (Z = -2.667, p = 0.008) as
shown in Table 4. The median (95% confidence interval) of the GI
of the bean meals was 17.64% (9.22—48.93) for the ‘drum’ bean
meal, 12.04% (6.0-16.31) for the white bean meal and 12.10%
(5.54-28.94) for the ‘oloyin’ bean meal. Friedman test = (x? (2) =
6.500, p = 0.039).

Discussion

Several studies on glycaemic indices and other forms of
glycaemic responses usually apportion meals of interest to
different consenting participants.”’? The uniqueness of this study
is that all the study participants took all the studied bean meals
and a 50 g glucose challenge test at one time or the other within
a four-week period. This is a clear departure from the common
norm of using selected participants of five to 10 persons at once
to study the Gl of food. This was done to eliminate inter-subject
variability, which is a common confounder identified from
previous research work.*?' The essence of ensuring the bean
meals were administered on a weekly basis was to prevent
second-meal effect on the glycaemic responses.???* The bean
meals were devoid of added ingredients in order to prevent the
effect of unwanted extra carbohydrate from altering the

glycaemic responses of these varieties of studied beans. The
carbohydrate constituent of the beans was comparable to the
carbohydrate content documented in some previous studies?*?
and higher than carbohydrate contents of some legumes studied
in Benin City, Nigeria."? It is interesting to note that the studied
bean meals contained the required amount of carbohydrate to
meet the daily recommended percentage if consumed alone. It
could thus be concluded that the (Vigna unguiculata [Linn] Walp)
bean is a carbohydrate-rich food. Other macronutrient
components of the studied beans such as protein, ash and fats
values are similar to the results of proximate analysis of some
studies.’>?*

Dietary fibre plays an important role in decreasing the risk of
many chronic medical conditions such as diabetes mellitus,
cardiovascular diseases, diverticulosis and obesity.?® Plant foods,
to which beans belong, are the only sources of dietary fibre. The
fibre content of the study bean meal ranges were comparable to
what was found in the study done by Aletor and Aladetimi?* but
higher than in the beans studied at Benin City, Nigeria.'
Uncommon consumed beans or underutilised legumes had
higher crude fibre values than what was obtained in this study.'>*
This implies that the varieties of the studied bean meals are rich
sources of dietary fibre meeting the recommended fibre intake
goal of 14 g/1000 kcal for every individual, including persons
with T2DM.

The Gl of food was developed to compare the post-prandial
responses with the constant amount of different carbohydrate-
containing foods. It is defined as the incremental area under the
glucose response curve of 50 g carbohydrate portion of a test
food expressed as percentage of the response to the same
amount of carbohydrate from a standard food taken by the same
subject.’® The Gl of meals is usually derived from apparently
healthy participants as seen in other studies.'>® Gl classifies
foods into three different categories based on their effect on
plasma glucose. These categories are low (0-55), medium (56—
69) and high glycaemic index (70-100).

The median glycaemic indices of 17.63, 12.04 and 12.10 were
derived for ‘drum; ‘Sokoto white’ and ‘oloyin’ bean meals
respectively. The studied bean meals were of low glycaemic
indices (Table 3). A low Gl diet has also been identified to have a
protective role against development of T2DM, coronary heart
disease and the metabolic syndrome.?”” Consumption of foods
with these properties has been shown to reduce post-prandial
hyperglycaemia.?®

Other benefits of low Gl foods include reduced insulin responses
and improvement in the overall blood glucose and lipid
concentrations in both normal subjects and patients with
diabetes mellitus and body-weight management.®3°

The statistical significant differences in the glycaemic indices of
studied bean meals (Table 4) could probably be attributed to the
differences in the quantity of fibres present in the beans. Another
possible explanation for this could be the type of fibres (soluble
or insoluble) present, grain composition (particle size, amylose,
amylopectin, and viscosity), which also affects the metabolism of
carbohydrate of beans. The difference observed between the
bean meals was not due to the cooking method. The three
varieties were prepared by the same person, with no ingredients
added, and taken by the same participants to eliminate inter-
subject variability.
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Conclusion

The three varieties of beans have sufficient fibres, which help to
meet the dietary fibre recommendation with a salutary effect on
glycaemia. Despite the low glycaemic indices of these beans,
there are significant differences between them with inter-
varieties‘oloyin’ and‘sokoto white' beans being preferred to'drum’
beans. This is worthy of note in persons with diabetes mellitus
where glycaemic control is expected to be within glycaemic
targets to prevent or retard DM complications.

Limitations

Inability to analyse the fibre types present in the varieties of the
studied beans despite statistically significant differences existing
in the glycaemic responses is an area to explore. Consumption of
a bean meal devoid of added ingredients is not palatable but
afforded us the opportunity of measuring the actual glycaemic
indices values of the studied beans. Addition of further
ingredients and other foods makes the determination of the Gl
that of a mixed meal.
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reported by the authors.

ORCID

OB Olopade “*" http://orcid.org/0000-0003-0799-8259
IA Odeniyi "/ http://orcid.org/0000-0002-7106-0495
SO Iwuala "= http://orcid.org/0000-0002-6448-3924
00 Kayode " http://orcid.org/0000-0002-7137-9543

AE Ohwovoriole " http://orcid.org/0000-0002-4976-8622

References

1. Michael JF. Diabetes treatment, part 1: diet and exercise. Clin.
Diabetes. 2007;25(3):105-9.

2. American Diabetes Association. Nutrition, recommendations and
intervention for diabetes. Diabetes Care. 2008;31(Suppl):61-578.

3. Bantle JP, Wylie-Rosett J. Nutrition recommendations and
interventions for diabetes: a position statement of the American
Diabetes Association. Diabetes Care. 2008;31(Suppl 1):561.

4. Jenkins DJ, Wolever TM, Taylor RH, et al. Glycaemic index of foods:
a physiological basis for carbohydrate exchange. Am J Clin. Nutr.
1981;34(3):362-6.

5. Thomas D, Elliott EJ, Baur L. Low glycaemic index or low glycaemic
load diets for overweight and obesity. Cochrane Database Syst. Rev.
(Online). 2007; 3(3):CD005105.

6. Mann JI. Diet and diabetes. Diabetologia.
https://doi.org/10.1007/BF00290483

7. Wolever TMS, Katzman-Relle L, Jenkins AL, et al. Glycaemic index of
102 complex carbohydrate foods in patients with diabetes. Nutr. Res.
1994;14: 651-69. https://doi.org/10.1016/50271-5317(05)80201-5

8. Little D. Non-pharmacological management of diabetes: the role of
diet and exercise. Geriatrics Aging. 2003;6(1):27-9.

9. Omoregie ES, Osagie AU. Glycaemic indices and glycaemic load
of some Nigerian foods. Pak. J. Nutr. 2008;7(5):710-6. https://doi.
0rg/10.3923/pjn.2008.710.716

10. Jenkins DJA, Kendall CWC, Augustin LSA, et al. Glycaemic index:
overview of implications in health and disease. Am. J. Clin. Nutr. 2002;
76(suppl):2665-73S.

11. Olarinoye JK, Ano- Edwards GH, Alade I. Knowledge and practice of
medical nutrition therapy by diabetes care givers in ilorin, Nigeria.
Nig. Med. Pract. 2007;51(4):55-8.

1980;18(2):89-95.

14.
15.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

. Oboh H, Osagie A, Omotosho A. Glycaemic response of some

boiled legumes commonly eaten in Nigeria. Diabetol. Croatica.
2010;39(4):125-131.

. Ohwovoriole AE, Johnson TO. Which Nigerian food for the diabetic?

Nig. J. Nutr. Sci. 1984;5: 59-62.

http://www.luthnigeria.org (accessed 25th July, 2014).

The World Medical Association Declaration of Helsinki. Ethical
principles for medical research involving human subjects. Available
from: Irb.illinois.edu/index.asp?q=ethics/Helsinki.htm|  (accessed
14th June 2013).

. Broun F, Brouns F, Bjorck |, et al. Glycaemic index methodology. Nutr.

Res. Rev. 2005;18: 145-71. https://doi.org/10.1079/NRR2005100

. Food Composition Table for use in Africa- Comet Bid; [accessed 19th

December 2015]. http://www.fao.org/docrep/003/x6877e/x6877e08.
htm.

. Friedman test in SPSS. How to run the procedure, understand the

output and run post-hoc tests using a relevant example; [accessed
28th December 2015]. https://statistics.laerd.com/spss-tutorials/
friedman-test-using-spss-statistics.php.

. Le floch J, Escuyer P, Baudin E, et al. Blood glucose area under the

curve: methodological aspects. Diabetes care. 1990; 13 (2):172-5.
https://doi.org/10.2337/diacare.13.2.172

Edo A, Eregie A, Adediran O, et al. Post prandial glucose response
to selected tropical fruits in normal glucose- tolerant Nigerians.
Nig. J. Clin. Pract. 2011;14(1):79-82. https://doi.org/10.4103/1119-
3077.79270

Akinlua O, Sedodo NS, Victoria AJ. Glycaemic index of selected
Nigerian foods for apparently healthy people. J. Obes. Wt. Loss Ther.
2013;3:160. doi:10.4172/2165-7904.1000160.

Wolever TM, Jenkins DJ, Ocana AM, et al. Second-meal effect: low-
glycaemic-index foods eaten at dinner improve subsequent breakfast
glycaemic response. Am J Clin. Nutr. 1988;48:1041-7.

Fletcher JA, Perfield Il JW, Thyfault JP, et al. The second meal effect
and its influence on glycaemia. J Nutr. Dis. Ther. 2012; omicsoline.org.
https://doi.org/10.4172/jndt.1000108.

Aletor VA, Aladetimi OO. Compositional evaluation of some cowpea
varieties and some underutilized edible legumes in Nigeria. Nahrung.
1989;33(10):999-1007. https://doi.org/10.1002/(ISSN)1521-3803
Nwosu DJ, Aladele S, Adeosun JO, et al. Cross-compatibility and F1
reproductive potential of cultivated cowpea varieties and a wild
relative (Subsp. unguiculata var. spontenea). Greener J.Agric. Sci.
2013;3(5):391-5.

Ikem RT, Kolawole BA, Ojofeitimi EO, et al. A controlled comparison
of the effect of a high fiber diet on the glycaemic and lipid profile
of Nigerian clinic patients with type 2 diabetes. Pak. J. Nutr.
2007;6(2):111-6.

Groop LC. Insulin resistance: the fundamental trigger of type
2 diabetes. Diabetes, Obes. Metab. 1999;1:51-S7. https://doi.
0rg/10.1046/j.1463-1326.1999.0010s1001.x

Brand-Miller J, Petocz P, Hayne S, et al. Low-glycaemic index diets
in the management of diabetes. Diabetes Care. 2003;26(8):2261-7.
https://doi.org/10.2337/diacare.26.8.2261

Jenkins DJ. The glycaemic index and the dietary treatment of
hypertriglyceridemia and diabetes mellitus. J Am Coll. Nutr.
1987;61:11-17.

Collier GR, Giudici S, Kalmusky J. Low glycaemic index starchy foods
improve glucose control and lower serum cholesterol in diabetic
children. Diabetes Nutr Metab. 1988;1:1-9.

Received: 17-02-2017 Accepted: 08-09-2017



