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ABSTRACT

Background: Low glycemic index, load, and response food has been implicated in reducing the
incidence of Type 2 Diabetes Mellitus (T2DM). Also, the use of locally made foods has been
advocated for in the management of diabetes mellitus in recent times. The aim of this study is to
investigate glycemic and load response of non-diabetic females with a diet consistent of various
indigenous vegetables.

Methods: The recipe for the test food was developed and standardized. Proximate and dietary
fiber analysis was carried out on the test food (okra, African spinach, and lettuce sauces) and
reference food (white bread). Thirty-six non-diabetic undergraduate students of Imo State
University, Nigeria were selected after diabetes screening using oral glucose tolerance test
(OGTT), glycated hemoglobin, anthropometric indices, blood pressure, and other exclusion
criteria. Subjects consumed a serving portion of vegetable sauce containing 25g of digestible
carbohydrate. Postprandial plasma glucose was measured at 0, 15, 30, 45, 60, 90, and 120 minutes.
The glycemic index and load were calculated per serving. Means and standard deviations were
used to compute the average. Analysis of variance (ANOVA) was used to compare the means
while Tukey’s test was used to separate the means. Significant difference and decision criterion
were set at p<0.05 using Statistical Package for the Social Sciences (SPSS) version 22.0.
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Results: Moisture content ranged from 64.10+0.57% (okra sauce) to 64.62+0.66% (lettuce sauce)
did not differ significantly (p<0.05). Fat, fiber, and ash content higher in lettuce sauce 3.40+
0.24%, 1.69+0.1%2, and 4.40+0.24% respectively, carbohydrate was higher in African spinach
(15.07£0.77%) while dietary fiber (3.26+0.01%), protein (15.15+0.09%) and energy (136.62+2.24
kcal) was higher in okra sauce. Sauces were not significantly different. White bread shows that
moisture content was 17.62, fat 1.53%, protein 14.86%, ash 6.90%, carbohydrate 58.88%, energy
308.66kcal, and dietary fiber 0.33.The anthropometric indices show that body mass index (BMI)
of the subjects ranged from 23.12kg/m? in African spinach sauce subjects to 23.53kg/m? (okra
sauce subjects). Waist hip ratio (WHR) was highest in lettuce sauce subjects (0.84). All the subjects
that participated were all females. HbAlc was higher in okra sauce (5.23%) group subjects.
Systolic blood pressure was 119.08mmHg (African Spinach sauce subjects) while diastolic blood
pressure was highest in lettuce sauce subjects (85.68mmHg). Pulse rate (85.17) was highest in okra
sauce subjects. The incremental area under curve (IAUC) for the white bread was significantly
(p<0.05) higher in all the subjects compared to the vegetable sauces with a high glycemic index
and load of 93.25 and 54.91 respectively. African spinach sauce had a lower postprandial plasma
glucose peak of 88.00mg/dl at 60 minutes compared to okra and lettuce sauces. All the vegetable
sauces had a low glycemic index of 17.02 (okra sauce), 14.05 (African spinach) and 36.76 (lettuce),
and low glycemic load was 0.75, 0.38 and 3.80 for okra, African spinach, and lettuce sauces,
respectively.

Conclusion: All the vegetable sauces studied should be recommended while planning meals for
diabetic patients.
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INTRODUCTION
Vegetables include those leafy and/or root parts of plants that are used in making soup or sauce or
eaten with another food [1]. Green leafy vegetables are important in human nutrition as they
provide adequate amounts of vitamins and minerals. They are rich source of micronutrients like
beta-carotene, vitamin C, riboflavin, folic acid, calcium, iron, and phosphorous [2]. They are
regarded as protective foods and highly beneficial for the maintenance of good health and
prevention of diseases [3]. The bioactive or phytochemicals in fruits and vegetables are responsible
for this protective effect [4]. Over two decades, epidemiological studies have shown a diminished
risk of diet-related chronic diseases among people consuming diets high in fruits and vegetables
[5].

Phytochemicals in vegetables also exert both antioxidants and anti-inflammatory properties
[6]. Antioxidants dispose oxygen species and free radicals by scavenging and suppressing their
formation or opposing their actions. Prevention of free radical formation helps in preventing
oxidative stress and diabetic complications. Antioxidants may act at different levels, inhibiting the
formation of reactive oxygen species (ROS) or scavenge free radicals, or increase the antioxidants
defense enzyme capabilities. Antioxidants from foods include vitamins A, C, and E and
carotenoids may increase plasma antioxidant level. When the body is unable to remove reactive
molecules, it leads to inflammation, tissue damage, and diabetes complications in subjects.
Increasing incidence of type 2 diabetes mellitus is one of the global health challenges and
becoming a major public health problem in Nigeria [2]. Type 2 diabetes mellitus is a consequence
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of carbohydrate, protein, and lipid metabolism caused by lack of/reduced insulin production (Type
IDM) or resistance to insulin action (Type 2DM) [7]. The causes are linked to poor dietary habits,
lack of nutritional knowledge of foods, poverty, globalization, and adoption of western dietary
patterns and lack of physical exercise [8].

Glycemic index (GI) of a food is the increase above the fasting in the blood glucose area over
2h after ingestion of a constant amount of that food (usually a 50g carbohydrate portion) divided
by the response to a reference food (usually glucose or white bread). Low glycemic index foods
improve lipid profile, reduce C-reactive protein levels, reduce weight gain, promote increased
levels of high-density lipoprotein cholesterol, and reduce the risk of type 2 diabetes mellitus
(T2DM) and cardiovascular diseases [9]. The glycemic load (GL) of a particular food portion size
indicates the impact the food will have in affecting blood glucose level. GL considers the amount
of carbohydrate a serving of food contains.

Sauces can be defined as meals prepared by boiling solid ingredients in liquid until the flavor
is extracted which forms a broth that is not as thick as soup [10]. Sauces are mostly taken alongside
with fufu, yam, pasta, or rice. In recent times, the use of locally made foods has been advocated
for the management of diabetes mellitus. This is because the use of synthetic drugs has adverse
effects on people with chronic complications. Recent study has revealed that Abelmoscus
esculentus (okra), Amaranthus hybridus (African spinach), and Lactuca sativa (lettuce) have anti-
diabetic properties [11].

There is a paucity of studies on the glycemic index and load response of okra, African spinach,
and lettuce sauces. Therefore, this work sought to determine the glycemic index and load response
of these vegetable sauces on healthy young adults.

MATERIALS AND METHODS

Sample Procurement

The okra pods, lettuce, African spinach, and other ingredients for cooking and medical materials
were purchased from Relief market along Egbu road Owerri Municipal Local Government Area
of Imo State, Nigeria.

Recipe for different vegetable sauces

Ingredients

300g of each of the vegetables (okra, African Spinach, and lettuce), 200g of sliced onions, 45g of
palm oil, 150g of milled crayfish, 8g of wet Milled pepper, 3g of salt, 200g of sliced tomatoes, and
200g (okra) and 509 (African spinach and lettuce, respectively) of water.

Method of preparation

The fresh okra pods were sorted, washed in clean water, and sliced into small sizes (in the same
consistency so that the chewing time will be controlled and in a way in a way that digestion will
take place immediately). Other vegetables like onions and tomatoes were sliced. The pot was
washed and placed on a fire and allowed to dry. The palm oil was added and allowed to heat for 5
seconds; the onions were then added. The palm oil was not allowed to heat up before adding the
onion so as to avoid hydrogenation). The tomatoes were added and allowed to steam for 9 minutes.
Crayfish, pepper, and salt were added and allowed to steam for 3 minutes. Okra was added and
allowed to simmer for 5 minutes. It was brought down and served. The same procedure was
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employed in preparing lettuce and African Spinach sauces except that the lettuce was allowed to
simmer for 2 minutes.

Data collection and analysis

Sensory Evaluation

Sensory evaluation of vegetable sauces was carried out with 50 trained judges consisting of
students of the Nutrition and Dietetics Department at Imo State University, Nigeria. The sensory
evaluation was carried out in the Food Laboratory of the Nutrition and Dietetics Department,
Faculty of Health Sciences, Imo State University. Aroma, color, taste, texture, and overall
acceptability were rated on a 9-point hedonic scale, ranging from 1 (like extremely) to 9 (dislike
extremely) [12]. Judges were given glass of portable water to rinse their mouth after each tasting.

Proximate, dietary and energy value estimation

The cooked sauces were analyzed for proximate, dietary fiber, and energy value was calculated
using standard methods. Standard AOAC method [13] was employed for the determination of
protein, moisture, fat, ash, and crude fiber content of the vegetable sauces. Carbohydrate content
was determined by difference. Dietary fiber was determined as described by McCleay et al. [14].
Energy value was determined using Atwater factor [15].

Survey Design
A cross-sectional study design was used for the study.

Sampling technique

Thirty-six healthy non-diabetic female students out of 100 male and female students of Nutrition
and Dietetics Department, Imo State University who volunteered were selected after a brief
explanation of the study and request for indication of interest as well as diabetic screening, along
with health related questionnaire to identify and exclude smokers and alcoholics. The diabetic
screening of the students as well as the oral glucose tolerance test were carried out in the Nutrition
and Dietetic food laboratory by 7:30am. They were asked to fast, and after resting for 30 minutes,
a capillary pricked finger blood sample was taken as baseline and the fasting blood sugar was
determined using calibrated Accu-check glucometer which gave a direct reading after 5 seconds
for the oral glucose tolerance test (OGTT). Subjects were served with glucose solution containing
75g glucose dissolved in 250ml of water, which was consumed within 15 minutes. Blood glucose
was determined after 2 hours of glucose solution consumption. Simple random sampling was used
in selecting thirty-six students whose blood glucose was <7.8mmol/l (<140mg/dl). They were
asked to come back for glycated hemoglobin determination after 3 days. The 36 selected students
who met the inclusion criteria were classified into three vegetable sauce groups. Out of the 36
students, 12 students were randomly selected for each of the three vegetables sauces: okra, lettuce,
and African spinach.

Inclusion and Exclusion criteria
The “inclusion criteria” were signed written informed consent and subjects who do not fall into
any of the exclusion criteria while “exclusion criteria” for the study generally involves diabetic
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young adults, subjects with impaired glucose tolerance, smokers, alcoholics, strenuous exercise,
pregnant mothers, and consumption of a meal after dinner.

Ethical consideration

Informed written consent was obtained from the randomly selected students. Also, written
approval for the study was obtained from the committee for ethical consideration, College of
Medicine Imo State University.

Recruiting and training of research assistance

Three medical laboratory scientists were recruited from Federal Medical Center (FMC) Owerri,
Nigeria for blood collection, determination of blood glucose and glycated hemoglobin. Ten final
year undergraduate students of the Department of Nutrition and Dietetics, Faculty of Health
Sciences were recruited as research assistants. The objectives and techniques of the study were
explained to them.

Anthropometric measurements

Data on weight, height, waist, and hip measurements were taken from the selected samples and
classified according to WHO [16] criteria. BMI was classified as underweight (<18.5), normal
(18.5-24.9), overweight (25.0-29.9), and obese (> 30.0). Waist-hip ratio (WHR) was classified as
<0.9 as no risk, moderate risk (0.9-1), and high risk (>1.0) for males; and <0.8 as no risk, 0.81 to
0.84 as moderate risk, and »>0.85 as high risk for females.

Biochemical measurements

Determination of blood glucose using oxidize method was carried out according to the method
described by Williams et al. [17]. Normal blood glucose level was used as 75 to 115mg/dl.
Glycated hemoglobin (HbA1c) was estimated using Finecare HbA1. rapid quantitative test kit that
uses sandwich immune-detection method to measure the percentage of HbAl: in human blood.
Classification for HbAlc was 4%-5.6% (normal), 5.7%-6.4% (pre-diabetes), and > 6.5% (diabetic).
Blood pressure and pulse rate were determined using Omiron apparatus model HEM-721C and
classified as described by the WHO/ISH [18]. Hypertension was classified as a systolic and
diastolic blood pressure of 140mmhg and 90mmHg, respectively, or above, while pulse rate was
60-100 beats per minute.

Feeding procedure

The procedure used follows Bronus et al.’s procedure [19] which agrees with the procedure
approved by FAO/WHO [20] for glycemic index studies following overnight fasting of 10 hours.
Subjects arrived at the study site by 7:30am for glycemic response determination of the reference
food and were advised to rest for 30 minutes. Blood was collected for fasting blood sugar after an
overnight fast of 10 to 14 hours and was recorded as the 0-minute mark. They were served 25¢g
digestible carbohydrate of white bread with 250ml of water which was consumed within 15
minutes at 5 minute intervals for each subject (to enable adequate time for accurate data collection).
Venous blood (3mls) was collected exactly after 15 minutes following the first bite of bread and
at 30, 45, 60, 90, and 120 minutes. The same method was applied for the test foods after a washout
period of 2 days. On the second day, each vegetable sauce was fed with 25g of digestible
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carbohydrate of okra, lettuce, and African spinach sauce (test foods) with 250ml of water and
consumed within 15 minutes. Venous blood was collected from the subjects exactly after 15
minutes after the first bite of bread and at 30, 45, 60, 90, and 120 minutes. The subjects were asked
to remain seated to avoid physical activity during the metabolic study until after 2 hours. Incentives
(doughnuts, fresh milk, fresh tomatoes, eggs, zobo juice, and water) were given to the volunteers
after each experiment day.

Glycemic Index determination
The G.I (glycemic index) for the test foods for all the subjects was calculated as:

G.l1 = 1AUC of test food X 100
Mean IAUC of standard food 1
Where:

IAUC = Incremental Area Under the blood response curve for the test meal.

IAUCS = Incremental Area under the blood response curve for the standard reference meal.

Data collected on Glycemic index were coded; means, standard deviations, and percentages
were calculated and tabulated.

Glycemic Index classification according to Kati et al. [21] was used as 70% to 100% = high
glycemic index, 56% to 69% = medium glycemic index, and < 55% = low glycemic index.

Glycemic Load (GL) determination
According to Das et al. [23], GL is calculated as:
G.L food = G.1 food x amount (g) of available carbohydrate food per serving
100
Glycemic Load was graded according to Brand-Miller et al. [22] as > 20% or above = high, 11%
- 19% = medium, and < 10% = low.

Glycemic Response (GR)

Glycemic response (GR) of the test foods was calculated based on the time with which the test
food had effect on blood glucose after consumption. Data collected on the time and blood glucose
levels rises were coded and means were calculated. The literature does not have criteria for
classifying Glycemic response (GR).

Statistical analysis

Data were analyzed using Statistical Package for the Social Sciences (SPSS) version 21 for means
and standard deviation. Means and standard deviation was used to compute the average. Analysis
of variance (ANOVA) was used to compare the means while Tukey’s test was used to separate the
means. Significant difference was set at p<0.05.

RESULTS

Proximate, dietary fiber and energy composition of vegetable sauces

Table 1 shows the proximate, dietary fiber and energy composition of the vegetable sauces.
Moisture content of the sauces did not differ significantly (p<0.05). Fat, fiber, and ash content was
higher in lettuce sauce 3.40+ 0.24%, 1.69+£0.12%, and 4.40x£0.24%, respectively; carbohydrates
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were higher in African spinach (15.07+0.77%), while dietary fiber (3.26+0.01%), protein
(15.15+£0.09%), and energy (136.62+2.24%) were higher in okra sauce. Sauces were not
significantly different (p<0.05).

Table 1: Proximate, dietary fiber and energy composition of vegetable sauces.

Nutrient Okra sauce African Spinach Lettuce sauce
Sauce
Moisture (%) 64.10°+0.57 64.442 +0.65 64.62°+0.66
Fat (%) 1.822+0.13 1.21°+0.06 3.40°+ 0.24
Protein (%) 15.15%+0.09 14.75%+0.10 13.74%+0.16
Crude fibre (%) 1.20°+0.03 1.31%+0.09 1.69°+0.12
Ash (%) 2.822+0.14 3.222+0.58 4.40* +0.24
Carbohydrate (%) 14.91°+0.76 15.072£0.77 12.15°+0.02
Energy (kcal) 136.62°+2.24 130.17%+2.99 134.10°+4.03
Dietary fiber (g) 3.26% £0.01 2.39%+0.14 2.25% 0. 02

Values are means + SD (Standard deviation) of triplicate determination. Mean values of different
superscript (a, b, ¢) in the same row are significant at p<0.05.

Sensory evaluation of the vegetable sauce

The sensory evaluation of the vegetables sauces shows that color, taste, and texture sensory
parameters did not differ between okra and lettuce sauces but were significantly (p<0.05) different
from African spinach. Okra sauce was significantly higher in aroma (8.27+1.0) and general
acceptability (8.2 +0.74) compared to the African spinach and lettuce sauces.

Table 2: Sensory evaluation of vegetable sauce.

Parameters Okra sauce African Spinach Lettuce sauce
sauce

Aroma 8.27°+1.0 6.61°+1.49 7.43+1.24

Colour 8.23°+0.90 6.45°+1.92 7.43+1.24

Taste 8.29%+0.90 6.69°+1.92 7.71%40.98

Texture 8.33+0.91 6.69°+1.22 7.892+0.96

General 8.29 +0.74 6.24°+ 1.39 7.76°+1.23

acceptability
Mean values of with different superscript (a, b, ¢) in the same row are significant at p<0.05.
N =50

Anthropometric and Health characteristics of the subjects

The age of the subjects ranged from 22 to 24 years old. Anthropometric value shows that the BMI
of the subjects ranged from 23.12kg/m? in subjects that consumed the African spinach sauce to
23.53kg/m? in subjects that the consumed okra sauce. Waist Hip Ratio (WHR) ranged from 0.78
in African spinach sauce subjects to 0.84 in lettuce sauce subjects, the values were within the
recommended range for females. All the subjects that participated were females. Although the
glycated hemoglobin (HbA1c) was higher in those consumed okra sauce (5.23%), all the subjects
had normal HbA1c values. The systolic pressure of all the subjects from the different vegetable
sauces fell within the normal ranges but were not significantly (p<0.05) different. A similar



Functional Foods in Health and Disease 2019; 9(9): 576-592

Page 583 of 592

observation was obtained for diastolic pressure except in those subjects that consumed lettuce
sauces (Table 3). Although pulse rate was higher in okra sauce subjects, the differences were not

significant (p<0.05).
Table 3: Anthropometric and Health characteristics of the subjects.
Parameter Lettuce sauce African spinach Okra sauce
(n=12) sauce (n=12) (n=12)
Age (years) 23.007+2.17 24.007+2.22 22.00°+2.19
Height (m) 1.62°49.94 1.69% £8.45 1.59°4+7.59
Weight (kg) 60.38%+5.81 66.67%+£11.09 60.10* +7.47
BMI (18.5-24.0kg/m?
23.27°+4.16 23.12240.26 23.532+2.60
Waist (cm) 76.33%+8.91 70.50°+-8.68 75.33%+8.87
Hip (cm) 90.83+ 4.88 89.41°+3.26 90.83+4.88
WHR (<0.9) 0.84°+0.57 0.78°+0.26 0.83°+0.79
HbAlc (4% - 5.6%) 5.14°+0.42 5.17%+£0.41 5.23*1£0.34
Systolic (120mmHg) 104.58°+0.42 119.08°+20.02 111.83°+9.24
Diastolic (80mmHg) 85.68°+0.42 72.58°+9.39 71.58°+7.37
Pulse rate (60-100
beats/minutes) 83.08°+11.77 84.17°+8.68 85.17%+10.38

Mean values of with different superscript (a, b, c) in the same row are significant at p<0.05. N =50

Number of subjects for each vegetable sauce = 12. Sex = females.

Table 4: Total carbohydrates, digestible carbohydrates, portion size, and serving portion used for

blood glucose estimation.

Vegetable Digestible Serving portions | Ratio of the Nutrient in Serving
sauce carbohydrate (g) | (g) for 25g portion expressed percentages
digestible
carbohydrate
Carbohydrate | Protein (g) Fat (g)
(9)
Okra sauce 11.65 214.59 31.91 32.51 3.91
African 12.68 197.16 29.08 29.08 2.39
spinach
sauce
Lettuce 9.90 252.53 23.95 27.09 6.70
sauce

Lettuce sauce had the lowest digestible carbohydrates (9.90g), ratio of carbohydrates, (23.959)
and protein (27.09g) in the serving portion; but the highest serving portion of digestible
carbohydrates (252.53g) and fat (6.70g) (Table 4).
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Average blood glucose response to vegetable sauces and white bread at intervals
The baseline plasma glucose was higher in subjects that consumed African spinach (78.25mg/dl)
as compared to other sauces. The IUAC for the white bread was significantly (p<0.05) higher in
all the subjects in all the vegetable sauces. There was a significant (p < 0.05) difference in the
mean blood glucose of the subjects after the consumption of the different vegetable sauces over a
period of 2 hours. Glycemic response to the vegetable sauces was highest in the lettuce sauce
(91.08mg/dl) at 45 minutes and highest in the African spinach sauce (88.00mg/dl) at 60 minutes.
The average blood glucose response to the African spinach sauce was lower at 15 minutes
(79.33 mg/dl), 30 minutes (82.25 mg/dl), and 45 minutes (84.83 mg/dl) compared to other
vegetable sauces but gradually increased to its peak after 60 minutes (88.00 mg/dl). After 120
minutes, the postprandial glucose of the African spinach sauce decreased to its minimum of 73.92
mg/dl (Table 5). Lettuce and okra sauce consumption gradually increased plasma concentration
from 15 minutes though higher in lettuce sauce to a maximum peak of 91.08 mg/dl and 88.83
mg/dl respectively at 45 minutes (Figure 1-4). The postprandial blood glucose increase and
decrease of the vegetable sauce shows that the highest postprandial increase was in the lettuce
sauce (13.16mg/dl) at 15 minutes while the highest decrease was observed in African spinach
sauce (-7.83mg/dl) at 120 minutes (Table 6). From the study, the postprandial plasma glucose of
the vegetable sauces had a low glycemic index of 17.02 (okra sauce), 14.05 (African spinach), and
36.76 (lettuce). The glycemic load was 0.75, 0.38 and 3.80 for okra, African spinach, and lettuce
sauces, respectively (Table 7).

Table 5: Average blood glucose response to vegetable sauces at intervals (mg/dl).

Vegetable 0 15 minutes 30 45 60 minutes 90 120
sauces and minute minutes minutes minutes minutes
white bread
Okra sauce 77.33b 87.33P 86.50P 88.83° 85.00P 81.75+ 77.00
+9.94 +9.91 +11.53 +15.14 +7.97 7.97 +8.16
Reference 83.412 98.92°+ 82.25+ 121.50%+ 113.672 109.25*+  98.92+
(control) +5.21 10.32 11.89 10.81 +8.49 9.81 12.56
African spinach 78.25°+ 79.33+ 82.25+ 84.83+ 88.00°+ 81.75°+ 73.92°+
sauce 2.53 12.33 11.89 12.22 11.72 10.58 10.79
Reference 85.58%+ 99.75%+ 116.25%+ 114.98%+ 111.423+ 101.75+  85.03°+
(control) 7.27 19.16 9.90 15.78 15.32 13.33 8.88
Lettuce sauce 74.67%+ 87.83b+ 87.83b+ 91.08°+ 86.580+ 84.67°+ 80.58+
11.02 14.36 13.78 10.92 14.42 13.01 10.64
Reference 83.75%+ 95.92+ 115.508+17. 113.932+ 98.92+ 86.66%+ 83.42%+
(control) 17.02 13.70 91 19.27 29.34 17.27 16.01

Mean values of with different superscript (a, b, c) in the same row are significant at p<0.05. N =50
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Table 6: Post-prandial blood glucose increase/decrease of the vegetable sauce subjects (mg/dl).

Vegetable 0 15 30 45 60 90 120
sauces minute minutes minutes minutes minutes minutes minutes
Okra sauce 0 10 -0.83 2.33 -3.83 -3.25 -4.75
African 0 1.08 2.92 2.58 3.17 -6.25 -7.83
spinach sauce

Lettuce sauce O 13.16 0 3.25 -4.5 -1.91 -4.09

Table 7: Glycemic index and load of the vegetable sauces and white bread.

Vegetable sauces

Glycemic index

Glycemic load

Okra sauce 17.02 0.75
African spinach 14.95 0.38
sauce
Lettuce sauce 36.76 3.80
White bread 93.25 5491
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Figure 1: Glycemic response of okra sauce.
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Figure 2: Glycemic response of African spinach sauce.
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Figure 3: Glycemic response of lettuce sauce.
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Figure 4: Glycemic response of okra, African Spinach and lettuce sauces.
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DISCUSSION

In the proximate analysis result of the present study, it was observed that the moisture contents of
the vegetable sauces ranged from 64.10 to 64.62%. This observation was similar with Ponka et al.
[23], Kayode et al. [24], and Mawouma et al. [25] on traditional sauces consumed in Cameroon
with moisture content ranging from 62.04 to 85.26g, 63.11 to 74.23 on soups consumed in South-
East geopolitical zones of Nigeria, and 67.57 to 74.21g on moringa oleifera sauces prepared in far
North Region of Cameroon. The moisture content competed favorably with each other and was
expected because it was analyzed fresh.

Protein adequacy is a public health issue because most individuals especially those among the
low socio-economic class cannot always afford animal protein sources like meat and fish in sauce
or soup preparation. In the present study, the recipe was formulated so as to accommodate people
from the low socio-economic class. The use of ground crayfish was used excluding meat and fish.
The vegetable sauce had more protein in the African spinach, okra, and lettuce sauces. The
implication of the study was that if other animal sources of protein are added with grounded
crayfish these will definitely increase the protein content. The study by Ponka et al. [23] used a
similar recipe with the present study unlike Mawouma and Oguntona [26] that used assorted
animal protein sources in their preparations. The study was higher than 11.38g as reported by
Ponka et al. [23] on the Baskodje (okra) sauce but lower than some sauces prepared with moringa
oleifera [25] and Nigerian soups [24]. Protein energy malnutrition is on the increase in recent
times, the preparation of vegetable sauces using the recipe in this study would help in providing
some protein needs. The ash content of the vegetable sauces was significantly (p<0.05) higher in
the lettuce sauce than other sauces. The study disagrees with other studies [26]. The reason for this
could be explained by some inherent factors like species, variety, environment of the food crops,
recipe, and cooking methods used [27].

Dietary fiber content of the vegetable sauces ranged from 2.25 to 3.26g and was higher than
0.47 to 0.91 (ora soup) and 0.54 to 1.25 (egusi soup) as reported by Davidson et al. [26]. The
dietary fiber content was lower than Nnadi and Keshiniro’s study [28] on meat, okra soup with
fermented cassava dough (4.09g). They included other food sources like meat, dried fish, pumpkin
leaves, and fermented cassava dough which contributed to the high dietary fiber content compared
to the okra sauce (3.269) in the present study. Some individuals would like to modify this present
recipe by adding meat and fish which will definitely increase the dietary fiber content. Also, sauces
are eaten with fufu, rice, yam, plain maize pudding, and paste. This study was necessary in order
to know the contribution of vegetable sauces excluding fufu or cereals on glycemic response.
Dietary fat, especially saturated and trans-fat, is associated with an increased risk for several
chronic diseases including type 2 diabetes mellitus and hypertension. The observation that fat
contents of the vegetable sauces was higher in the lettuce sauce than in the other sauces but
however it was quite low. Fat slows down the rate of digestion in the intestine which gives a low
glycemic index when compared with similar food with little or without fat [29].The aim of diabetes
management is to reduce saturated fatty acids, trans-fatty acids, and cholesterol intake so as to
limit the risk of cardiovascular diseases. The recipe in the present study was designed in a way that
fat contribution from palm oil will be small. Energy content of the sauces was quite low compared
to other literatures on dish preparation [28, 30]. The vegetable sauce will accommodate little of
the energy needs of adult diabetic patients. The low energy content can be appreciated by the low



Functional Foods in Health and Disease 2019; 9(9): 576-592 Page 588 of 592

fat content of the sauces. The implication is that more vegetable sauce can be taken since it has a
very low glycemic index.

The mean BMI indicates that all the subjects used for the study were healthy adults and was
consistent with Amadi [31] who reported a mean BMI of 22.49 + 2.69kg/m? among healthy
undergraduate students on the determination of glycemic index of three cocoyam varieties unlike
other previous studies [32, 33] where overweight subjects were used. Obesity or being overweight
affect insulin sensitivity which inversely affects blood glucose level during metabolism thus
affecting glycemic response [34]. Obesity or being overweight can also increase fat deposition in
key insulin-sensitive tissues such as the liver [35] which causes hepatic insulin resistance through
the mechanism that favors gluconeogenesis thereby decreasing glycogen synthesis and hindering
insulin signals [36, 37].

Waist Hip Ratio (WHR) of the subjects shows that the subjects have normal WHR for females
and do not have risk for cardiovascular and other diet related chronic diseases. The use of subjects
with normal visceral fat accumulation should be encouraged because high levels of this fat
predisposes subjects to glycemic and insulinemic disorder which gives a false result when
determining glycemic index or response of meals. Visceral fat has lipolytic power that leads to
insulin resistance [38]. It is closely related to WHR [39] and cardiovascular disease risk [40].

From the present study, the blood pressure and pulse rate of the subjects were normal [41].
This is because all the subjects in the study had normal BMI and WHR. Previous studies reported
a significant association between being overweight and high blood pressure [42, 43]. Glycated
hemoglobin (HbA1c) of all the subjects agrees with the recommended criteria of 4%-5.6% as
normal [44] and this indicates that the subjects have a low risk for type 2 diabetes mellitus. The
HbA1c of the subjects in the present study was also consistent with Asinobi et al. [30] on glycemic
index of some traditional fortified staples. HbA1c is a form of hemoglobin that is used to identify
plasma glucose increase and shows a clear picture of the red blood cells that have been glycated
over a period of 120 days which is the life span of red blood cell [45]. In 2011, the WHO
recommended HbAlc for screening diabetes because it provides stringent quality assurance and
standardization for diabetes mellitus studies. Also, as it does not require fasting, it has an analytical
variability of less than 2% and relatively stable over 2-3 months [46]. The African spinach sauce
recorded the lowest crude fat content (1.21%), whereas the lettuce sauce had the highest fat content
(3.40%). Studies proved that high fat content in food reduces the transit time thereby giving a low
glycemic index [23, 29]. But the present study observed that the African spinach sauce had the
lowest fat content (1.21%) compared to the other vegetable sauces. The reason could be attributed
to factors like low amylase to high amylopectin content, nature of the monosaccharide
components, fat, protein, dietary fiber, and anti-nutrients content of the foods that influence
glycemic index and response of foods [47].

The study has established that okra, African spinach, and lettuce sauces have a low glycemic
index, load, and response, and should be used in planning diets for diabetics. This will encourage
diet diversity; though the same recipe was used but their nutrient contribution differed because of
the vegetable used (Table 1). The study recommends that further studies should be carried out on
these sauces with different tuber and cereal foods. Dietary fiber plays a role in controlling
postprandial glycemic response because of its effects on gastric emptying and macronutrient
absorption from the gut [28]. Dietary fiber helps to stabilize blood sugar by modulating sugar
absorption from the intestinal tract [29].
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Low glycemic index foods have some health benefits because of their metabolic effects,
especially the ability of slowing down the rate at which glucose is absorbed from small intestine
[48]. Vegetables generally have a low glycemic index value because of the presence of fiber.
Glycemic load measures the degree of insulin demand and glycemic responses followed by a
particular amount of food. It also reflects the quality and quantity of dietary carbohydrate
consumed [49]. The African spinach sauce had the lowest glycemic index and glycemic load,
followed by the okra and lettuce sauces. However, African spinach and okra sauces contained
lower fat content, more protein, and higher dietary fiber than lettuce, and should be recommended
to type 2 diabetes mellitus patients during meal planning because of its low glycemic index, load,
and response potentials.

CONCLUSION

The glycemic response of indigenous vegetable sauces studied shows low Gl and GL and moderate
GR. Young healthy females in high-economic areas should use mainly foods from fresh vegetable
sources for staving off risks of developing diabetes mellitus. Farmers should also go into the
production of okra, African spinach, and lettuce so that they will be readily available. The study
recommends that glycemic response of the vegetable sauces should be carried out on diabetic
subjects and the effect of Homeostasis model assessment-estimated insulin resistance (HOMA-IR)
should be evaluated.

List of abbreviations: non-communicable diseases (NCDs), cardiovascular disease (CVDs), type
1 diabetes mellitus (Type IDM),type 2 diabetes mellitus (Type 2DM), oral glucose tolerance test
(OGTT), Federal Medical Center (FMC), body mass index (BMI), waist-hip ratio (WHR),
Glycated hemoglobin (HbALc), Incremental Area Under the blood response curve for the test meal
(IAUC), Incremental Area under the blood response curve for the standard reference meal
(IAUCS), glycemic index (Gl), glycemic response (GR), glycemic load (GL), Statistical Package
for the Social Sciences (SPSS), Analysis of variance (ANOVA).
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