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Abstract
Objectives: Foods with high glycemic index (GI) and/or glycemic load (GL) have been reported to have etiology
in the incidence and prevalence of diabetes mellitus (DM) and its related chronic metabolic diseases like
cardiovascular diseases (CVDs) etc. facing the globe today. High GI in particular has been found to have positive
association with hyperglycemia, DM and CVDs such as hyperlipidemia, hypercholesterolemia, atherosclerosis etc.
Therefore, the aim of this study is to investigate soy flour fortified whole wheat meal consumed with
Crassocephalum biafrae (Worowo) vegetable soup’s dietary glycemic index and glycemic load, and its effects on
lipid profiles of the test human subjects.
Methods: Eighteen human subjects were divided into two equal groups (control and test groups) of nine
participants each. After 12 h of overnight fasting, the control group were fed D-glucose (DG) on the first day of the
experiment, while the test group were fed whole wheat meal cum Crassocephalum biafrae soup (WWMCBS) and
soy flour fortified whole wheat meal cum Crassocephalum biafrae soup (SFFWWMCBS) on the first and second day
respectively. Fasting blood sugar and random blood sugar levels were determined at 30 min interval for 2 h using
glucometer and blood samples were collected 5 h after meal for lipid profiles assay.
Results: Findings showed that; SFFWWMCBS had GI and GL of 28.00% and 14.00 respectively that are nonsignificantly lesser than that of WWMCBS (42.67% and 21.34) respectively, and its consumption resulted in nonsignificant reductions in total cholesterol (140.00 mg/dl-139.33 mg/dl), triglyceride (84.00 mg/dl-78.33 mg/dl), low
density lipoprotein cholesterol (60.67 mg/dl-57.67 mg/dl), but slight increase in high density lipoprotein cholesterol
(62.33 mg/dl-65.00 mg/dl) in test human subjects at (p<0.05).
Conclusion: Conclusively, SFFWWMCBS had lower GI and GL than WWMCBS, and have the potentials to
reduce CVDs risk factors, since it decreased cholesterol, triglyceride and LDL-C, but improved HDL-C.

Keywords: Cardiovascular disease; Cardiovascular disease risk
factors; Diabetes mellitus; Glycemic index; Glycemic load;
Hyperglycemia

Introduction
Non-communicable diseases such as diabetes mellitus (DM),
cardiovascular diseases (CVDs), cancer etc. were reported by World
Health Organization in 2011 to be responsible for 63% of all deaths
worldwide. In particular, deaths from DM and CVDs account for more
than 50% of the global mortality, resulting in over 17 or 18 million
deaths annually [1].
Hyperglycemia (a condition of elevated blood glucose level) is a
hallmark of DM and is also reported to be a major risk factor for CVDs
[2] due to its effects on lipid profiles and has its etiology in glycemic
index (GI) and/or glycemic load (GL) of foods in addition to other
causes. Thus, high GI and GL foods are key factors or parameters in
the pathogenesis of hyperglycemia, DM and invariably CVDs.
The concept of GI was introduced more than two decades ago to
facilitate glycemic control in patients with DM, and is an indicator
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ranking carbohydrate foods according to their effects on the body’s
postprandial glycemic response [3], while GL is the arithmetic product
of GI and amount of carbohydrate consumed divided by 100. It
describes the overall effects of both quantity and source of
carbohydrate on postprandial glycemia [4].
WHO [5] highlighted poor diet as one of the major causes of DM,
abnormal lipid profiles and CVDs in addition to other causes like
raised blood sugar, physical inactivity, obesity, etc. Thus, what man eats
as food for sustenance, growth and development has gradually become
a death trap for humanity. Consequently, diets have been considered
the first-line of intervention in the prevention, management and
treatment of DM and CVDs, and many studies have thus been
designed to assess the effect of dietary determinants on their metabolic
risk factors [6], such as GI, GL and lipid profiles in humans and
experimental animals.
According to Bonora et al. [7], dietary carbohydrate is the main
dietary component affecting insulin secretion and postprandial
glycemia (PPG), which has been implicated as the cause of several
chronic diseases, DM and CVDs inclusive. High GI and GL food
intake, as well as, high carbohydrate’s intake can cause hyperglycemia
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which is a well-established primary risk factor for DM and CVD. These
types of foods would raise blood glucose levels and also plasma fasting
triacylglycerol by enhancing hepatic synthesis of very low-density
lipoprotein cholesterol (VLDL-C), while reducing high density
lipoprotein cholesterol (HDL-C) thus, creating adverse lipid profiles
that can increase the risk of having CVDs [2]. According to Capewell
et al. [8], high blood cholesterol, triglyceride, LDL-C etc. have been
widely considered as modifiable cardio-metabolic risk factors.
This study was therefore embarked upon to “investigate the
glycemic index and glycemic load of soy flour fortified whole wheat
meal consumed with Crassocephalum biafrae (Worowo) vegetable
soup and the lipid profiles of the test human subjects”.

Subjects, Materials and Methods
Experimental subjects
Eighteen human subjects comprising of male and female students of
Adekunle Ajasin University, Akungba-Akoko, Ondo State, Nigeria,
whose interest and consent were documented in a written agreement
in addition to been verbally expressed, were selected from various
departments of the University and used for this study after obtaining
ethical permission/clearance from the University’s Health Centre
(UHC). The World Medical Association (WMA) declaration of
Helsinki ethical principles for medical research involving human
subjects was duly observed. The eighteen human subjects were
randomly divided into two equal groups of nine participants each i.e.
(control and test groups of nine human subjects each). Both groups
followed the study protocols (rules) without any prejudice to their
social and religious status and were confined within the experimental
area for the period (hours) of this study on daily basis.

Food stuffs
Fresh green sample of Crassocephalum biafrae (Worowo) vegetable
was purchased at Ibaka-Akungba local market, Ondo State, Nigeria
and was identified and authenticated by Dr. O.A. Obembe, a senior
lecturer in the department of Plant Science and Biotechnology of
Adekunle Ajasin University, Akungba Akoko, Ondo State, while Honey
well whole wheat meal and large seeded variety of soy bean (Glycine
max), with creamy color were purchased from Bodija market at
Ibadan, Oyo State, and were certified hygienic for human
consumption.

Preparation of food stuffs
Edible portions of fresh Crassocephalum biafrae leafy vegetable
were separated from its inedible parts, rinsed in clean water, allowed to
drain and subsequently shredded into slices of almost equal sizes. Palm
oil, clean drinking water with condiments such as onion, pepper
(atarodo), known-chicken maggi cubes and table salt were used to
cook (steam) the veggie for about 15 min.
Glycine max (soy bean) was processed into soy flour using Omueti
and Morton [9] processing method. The soy flour was then used to
fortify whole wheat meal using fortification ratio of 1:3 respectively.
The quantity of the mixture and whole wheat meal containing 50 g
available carbohydrate was calculated from the proximate analysis
result and prepared into their respective solid pastes for consumption
with Crassocephalum biafrae soup (CBS) by each of the test human
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subjects, while 50 g of DG was dissolved in 100 ml of water for
consumption by each of the control subjects.

Proximate composition of foods
The proximate composition of the food samples; whole wheat meal
(WWM), soy flour fortified whole wheat meal (SFFWWM) and soy
flour (SF) in their powdered forms were determined using
conventional standard methods of analysis of Association of Official
Analytical Chemists, AOAC [10].

Feeding of human subjects
The control human subjects were fed water-dissolved DG on the
first day of the experiment, while the test human subjects were fed the
test meals; whole wheat meal cum Crassocephalum biafrae soup
(WWMCBS) and soy flour fortified whole wheat meal cum
Crassocephalum biafrae soup (SFFWWMCBS) on the 1st and 2nd day
of the experiment respectively after 12 h of overnight fasting.

Blood sample collection
3 ml of venous blood samples were collected in plain bottles before
and 5 hours after meals from each of the human subjects, and the
blood samples were processed into sera used for CVD biomarkers
assay.

Lipid profiles assay
Lipid profile parameters such as TC, TG, HDL-C and LDL-C were
determined by enzymatic end point method following the
manufacturer’s instructions in the randox kits, while VLDL-C was
calculated using below formula.
VLDL-C=TRIG/5

Blood glucose determination
The pre and postprandial blood glucose, i.e. fasting blood sugar
(FBS) and random blood sugar (RBS) of human subjects were
determined once before meals and four times after meals respectively
for 2 h at 30 min intervals using portable glucometer.

Glycemic index determination
A modified version of Wolever et al. [11] method introduced by
Emaleku [12] was employed in determining the meals’ GI. Blood
glucose concentrations of the human subjects were used to plot blood
glucose response curve graphs, which in turn were used to calculate
the incremental area under curves (IUACs) of the various meals
(foods) by summing up the surface triangles and rectangles traced in
the blood glucose response curve graphs (Figure 1).
The IAUCs were then used to determine the GI of each food by
dividing IAUC of each test meal by IUAC of the standard meal,
multiply by 100. For example, the GI calculation formula for
SFFWWMCBS is presented below.
GI=IUAC of SFFWWMCBS ÷ IUAC of reference meal (DG) ×
100%.
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Statistical analysis
CVD biomarkers, GIs and GLs data were statistically analyzed with
SAS version 8 software using one-way analysis of variance (ANOVA)
with Duncan Multiple Range Test and Pearson Correlation, and results
expressed as mean ± standard error mean (SEM). F-test and T- test at
95 (i.e. 0.05) level of significance was used to assess significant
difference. A value of P<0.05 was considered to indicate significant
difference between and within groups.

Results

Figure 1: Blood glucose response curve showing how IAUC used for
GI determination is being calculated.

Glycemic load determination
It was calculated by dividing GI of meal by 100 and multiplied by
the number (quantity) of available carbohydrate in the meal
consumed.

Table 1 result showed that; SF had the least carbohydrate (10.51%)
and moisture (7.00%) contents, but had the highest protein (50.91%)
and fat (25.84%) contents and as well possessed a fairly good fiber
(3.27%) and ash (2.47%) contents while, WWM had the highest
carbohydrate (67.73%) and moisture (11.20%) contents, and
moderately good protein content (13.86%), but low (i.e. the lowest) fat
(2.87%) and fiber (2.61%) contents. Furthermore, result revealed that;
SFFWWM had moderate and improved nutritional contents in
comparison with WWM, i.e. above average carbohydrate (54.88%),
and better protein (22.83%), fat (6.28%), fiber (4.31%), and ash (1.95%)
contents, but lesser moisture (9.75%) content.
Table 2 which showed the GI and GL of test meals revealed that
SFFWWMCBS had lower GI (28.00%) and GL (14.00) than
WWMCBS’s GI (42.67%) and GL (21.34), although the differences
were not significance (Figures 2 and 3). However, both meals’ GI and
GL were significantly lesser than DG’s GI (100.00%) and GL (50.00) at
(P<0.05).

Mathematical representation is as follows: GL=GI/100 × available
carbohydrate (50 g)
Food Sample

% Moisture

% Protein

% Fat

% Fiber

% Ash

% CHO

WWM

11.20

13.86

2.87

2.61

1.73

67.73

SFFWWM

9.75

22.83

6.28

4.31

1.95

54.88

SF

7.00

50.91

25.84

3.27

2.47

10.51

WWM: Whole Wheat Meal; SFFWWM: Soy Flour Fortified Whole Wheat Meal; SF: Soy Flour And CHO-Carbohydrate

Table 1: Food samples proximate composition.
Meal Types

GI Values (%)

GL Values

LSD

DG

100.00A ± 0.00

50.00A ± 0.00

23.88

WWMCBS

42.67B ± 8.95

21.34B ± 4.25

23.88

SFFWWMCBS

28.00B ± 8.54

14.00B ± 3.99

23.88

DG: D-Glucose and LSD: Least Significance Difference. Note: Results presented in mean ± standard error mean (SEM). At (P<0.05), values with the same notations
do not differ significantly, but those with different notations do.

Table 2: Glycemic index and glycemic load of meals (foods) consumed.
Figure 4 showed that; SFFWWMCBS caused little spike (increase)
in blood glucose levels of subjects and had the least IAUC, while
WWMCBS caused moderate blood glucose spike with moderate
IAUC, and DG caused inordinate blood glucose spike cum high IAUC.
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Considering 30 min after consumption in Figure 4; SFFWWMCBS
increased human blood glucose levels slightly; 91 mg/dl-94 mg/dl,
while WWMCBS increased it moderately; 87 mg/dl-95 mg/dl, and DG
increased it greatly; 78 mg/dl-122 mg/dl.
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fiber (both soluble and insoluble) [13]. It is rich in polyunsaturated
(linolenic and linoleic acids) and monounsaturated (oleic acid) fatty
acids and is also a good source of isoflavones. The mild moist heat
treatment of SF during processing tends to help it retain more fats of
great
biological
and
therapeutic
importance,
especially
polyunsaturated fatty acids [14] while still possessing good protein
content.
According to Emaleku [12], low moist heat (blanching) treatment
used in processing this SF might have made it to contain higher
unsaturated fatty acids and vitamins B complex, but low protein
content when compared with defatted SF that uses high moist heat
treatment. Thus, this full-fat or whole soy flour is rich in natural
lecithin, a good emulsifier and probably a promoter of good health
[15].
Figure 2: Graphical representation of meals/foods’ glycemic index.
Table 3 results showed that, there was no significant difference in
TC, TG, LDL-C, VLDL-C and HDL-C concentrations between before
meals and after meals at (P<0.05). Similarly, no significant difference
exists in these parameters’ concentrations between when the test meals
(WWMCBS and SFFWWMCBS) and the control meal (DG) were
consumed except in HDL-C at (P<0.05). However, DG and WWMCBS
consumption resulted in high and slight non-significant increase in
CVDs risk factors; TC (28.67 and 5.00 mg/dl), TG (17.00 and 8.00 mg/
dl), LDL-C (28.33 and 1.67 mg/dl), and VLDL-C (3.67 and 1.67 mg/dl)
respectively at (P<0.05), while DG decreased HDL-C by 3.00 mg/dl
and WWMCBS minutely increased HDL-C by 0.40 mg/dl. Conversely,
SFFWWMCBS non-significantly reduced CVDs risk factors slightly by
0.67 mg/dl, 5.67 mg/dl, 3.00 mg/dl and 1.00 mg/dl for TC, TG, LDL-C
and VLDL-C respectively, but increased HDL-C slightly by 2.67 mg/dl.
Figure 4: Mean blood glucose response curve of human subjects
after meals’ consumption.
Therefore, fortification of WWM with SF as in SFFWWM improved
its nutritional qualities [16] as shown in Table 1 and would ultimately
promote good health in many ramifications as observed in the lipid
profile parameters and low GI and GL of SFFWWMCBS. Hence, the
nutrients and micronutrients deficiency of WWM was compensated
for by the addition of SF.

Figure 3: Graphical representation of meals/foods’ glycemic load.
Moreover, Table 4 revealed that; CVDs risk factors (TC, TG, LDL-C
and VLDL-C) were significantly and positively correlated with one
another, but were non-significantly and positively correlated with GI,
which in turn was weakly positive and non-significantly correlated
with HDL-C like the other CVD risk factors.

Discussion
Soy flour (SF), a complete protein, is considered equivalent to
animal protein in quality and contains all essential amino acids and
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Isoflavonic phytoestrogens of SF have been consistently found to
have hypolipidemic effects and other therapeutic roles [17], which
include blood glucose reductions, and the consumption of whole
grains like soybean has been consistently linked with a significant
decrease in risk factors for CVDs (TC, TG and LDL-C) [18].
For instance, Emaleku et al. [16] reported that soy flour fortification
of whole wheat meal consumed with Talinum triangulare soup slightly
reduced TC (164.67-163.00 mg/dl), TG (87.67-85.33 mg/dl), LDL-C
(68.67-67.33 mg/dl), VLDL-C (17.67-17.00 mg/dl) by −1.67 mg/dl,
−2.33 mg/dl, −1.33 mg/dl and −0.67 mg/dl respectively but, slightly
increased HDL-C (77.33-79.00 mg/dl) by 1.67 mg/dl. Similarly,
Anderson et al. [19] also reported that soybean protein consumption
resulted in significant reduction of LDL-C and a small but,
insignificant increase in HDL-C by 2.4%. And it is important to note
that the results of this study as shown in Table 3 are in agreement with
the positions of these researchers.
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Parameters(mg/d)

TC

Meal Types

BM

AM

BM

DG

152.0A

180.0A

± 20.0

± 25.4

90.3A
15.0

142.7A

147.7A

± 16.3

± 18.0

140.0A

WWMCBS

SFFWWMCBS

LSD

TG

HDL-C
AM

LDL-C

VLDL-C

BM

AM

BM

AM

BM

AM

± 107.0A

67.3B

64.3B

64.0A

92.3A

18.0A

21.7A

± 21.4

± 5.0

± 1.9

± 12.2

± 22.3

± 3.1

± 4.4

81.3A

89.3A

63.3A

63.7A

63.0A

64.7A

16.3A

18.0A

± 10.8

± 6.4

± 7.4

± 8.7

± 8.1

± 9.0

± 2.2

± 1.2

139.3A

84.0A

78.3A

62.3A

65.0A

60.7A

57.7A

17.0A

16.0A

± 8.7

± 11.6

± 5.0

± 9.6

± 3.4

± 3.22

± 6.0

± 6.0

± 1.0

± 2.1

73.0

90.0

51.2

66.3

15.8

15.8

42.4

64.5

10.4

13.6

BM: Before Meal, AM: After Meal and LSD: Least Significance Difference. Comparison is strictly within the parameters. The results were expressed in Mean ± SEM
with LSD. Values with the same superscript notations do not differ significantly, but those with different superscript notations done at (P < 0.05) significance.

Table 3: Effects of meals on human cardiovascular disease biomarkers.
Therefore, the lowered GI and GL values, blood glycemic
(postprandial glucose), IAUCs and improved human lipid profiles of
SFFWWMCBS to WWMCBS should then be due to the superior
protein, fat and fiber contents, and lesser moisture and carbohydrate
contents of SFFWWM. According to Henry et al. [20], high fat has the
ability to delay gastric emptying, which in turn slow down digestion
and absorption of glucose, and thereby prevents eating binge

(overeating) that could on long term results to insulin resistance (a
metabolic deranged condition) caused by sustained insulin spike.
While according to Hätönen et al. [21], high protein level would
produce greater gastric inhibitory peptide (GIP); an inhibitory
hormone that induces insulin secretion and prompts insulin responses,
which would result in lowered postprandial peak and reduced glycemic
response due to GIP enhanced insulin activities.

Parameters

TC

TG

HDL-C

LDL-C

VLDL-C

GI

TC

1.00000

0.91038S

0.36763NS

0.97183S

0.91253S

0.57646NS

TG

0.91038S

1.00000

0.12901NS

0.90663S

0.99897S

0.44398NS

HDL-C

0.36763NS

0.12901NS

1.00000

0.16931NS

0.12351NS

0.05074NS

LDL-C

0.97183S

0.90663S

0.16931NS

1.00000

0.90946S

0.61126NS

VLDL-C

0.91253S

0.99897S

0.12351NS

0.90946S

1.00000

0.43597NS

GI

0.57646NS

0.44398NS

0.05074NS

0.61126NS

0.43597NS

1.00000

Note: Comparison is strictly within the same parameter. The superscripts S and NS mean differ significantly and no significant difference respectively, at (P<0.05).

Table 4: Relationship between cardiovascular disease biomarkers and glycemic index.
Furthermore, high fiber in foods have been reported to have health
benefits that include slow glucose absorption, improved insulin
sensitivity, reduction in cholesterol and LDL-C levels; as well as
reduced incidence of type 2 DM, coronary heart diseases, cancers etc
[22], and the effects of SFFWWMCBS on blood glucose and lipid
profiles (most especially on CVD risk factors) in this research are in
agreement with this assertion. Hence, low GI and GL of
SFFWWMCBS logically implies that; it would be slowly and gradually
metabolized to release blood glucose into the blood stream in a way
that would prevent elevated blood glucose, insulin spike and resistance
[23,24], DM, and invariably prevent excessive conversion of
carbohydrates to fats that might on long term lead to CVDs [16].
Liu et al. [25] observed that GI and GL are inversely associated with
HDL-C concentration, but positively associated with triacylglycerol
and high-sensitivity C-reactive protein (CRP) concentrations in US
women. Evidence from various epidemiological and interventional
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studies shows that low dietary GI/GL can improve CVD risk factors in
Western and Asian adults with or without diabetes [26].
Emaleku et al. [16] reported a non-significant positive association
between GI and CVD risk factors, but negative, significant correlation
with HDL-C when SFFWWM was consumed with Talinum triangulare
soup, and findings of this study still revealed similar trend. This
therefore explains why SFFWWMCBS, a lower GI and GL meal than
WWMCBS reduced CVD risk factors and improved slightly HDL-C, a
cardiovascular benefiting factor better than WWMCBS, while DG, a
high GI and GL meal had exactly opposite effects.

Conclusion
In conclusion, SFFWWMCBS had a lower GI and GL values than
WWMCBS and reduced the serum concentrations of the following
lipid profile parameters (TC, TG, LDL-C and VLDL-C), but improved
HDL-C concentrations.
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