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Abstract
Background: Consistent consumption of a diet with a high glycemic index 
(GI) increases the risk of type 2 diabetes and associated chronic diseases. 
As such, it is critical to know the GI of foods and make informed choices 
to prevent them. Unfortunately, the GI of commonly consumed foods in 
Benin has not been determined.

Objective: To determine the GI of six commonly consumed foods in 
Benin among healthy young adult subjects.

Methods: This study involved 18 healthy adult students from the Faculty of 
Health Sciences in Cotonou, southern Benin. Six local foods, namely local 
white rice, imported white rice, recycled corn paste, fried potatoes, corn 
paste, and red corn paste, were tested and compared to bread (reference 
food). The subjects' sociodemographic and anthropometric information 
was collected. Blood glucose levels were also measured 15, 30, 45, 60, 90, 
and 120 min after ingestion through venous blood samples. The GI was 
determined using the standard method.

Results: The study population's mean age and body mass index were 22.1 
years and 21.3 kg/m2, respectively. The GI of the selected foods: local 
white rice, imported white rice, recycled corn paste, fried potatoes, corn 
paste, and red corn paste were 148.4%, 136.5%, 94.3%, 89.9%, 85.3%, and 
77.8%, respectively.

Conclusion: All foods tested had a GI of over 70%, which is high, indicating 
that moderate consumption or small portions should be recommended to 
minimize their potential adverse health impacts.
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Introduction
Although type 2 diabetes (T2D) was once uncommon in 

sub-Saharan Africa (SSA), it has emerged as a significant 
public health issue [1,2]. According to the International 
Diabetes Federation (IDF), the number of adults with T2D 
worldwide is expected to rise by 51% from 463 million in 
2019 to 700.2 million in 2045, with the African region 
experiencing the most significant increase (143%) from 
19.4 million (2019) to 47.1 million (2045) [3]. As SSA 
undergoes a rapid and diverse change in disease burden 
profiles from infectious to non-communicable diseases 
(NCDs), T2D substantially burdens the region's healthcare 
systems, societies, and individuals. This shift is attributed to 
urbanization, which includes increased longevity, lifestyle, 
dietary changes, and economic development [4]. Therefore, 
addressing T2D’s high morbidity and mortality rates is 
crucial to alleviate the burden on the region [5,6].

When managing T2D, it is vital to modify lifestyle by 
implementing dietary changes [7,8]. It is crucial to consume 
foods rich in high-quality nutrients such as carbohydrates, 
proteins, fats, minerals, and vitamins for optimal health. Low-
GI foods, such as legumes, lentils, and oats, contain slowly 
digesting carbohydrates that have a minimal impact on blood 
glucose and insulin levels. In contrast, high-GI foods like 
white bread can raise blood glucose and insulin levels rapidly 
due to their quick digestion. Therefore, consuming low-GI 
foods can promote insulin sensitivity, minimize fluctuations, 
and improve glycemic control compared to high-GI foods 
[9,10]. Recent studies also found that a low-carbohydrate, 
high-fat, calorie-unrestricted diet led to better weight loss 
and glucose control over a 6-month intervention compared 
to a high-carb, low-fat diet [11]. As such, incorporating a 
low-glycemic index diet may help manage T2D and improve 
glycemic control.

However, using food GI as a guide in selecting foods 
for diabetes patients has sparked inconsistencies and 
controversies. Research into low-GI diet effects on health 
and related outcomes has yielded mixed results. Short-term 
studies have shown that a low-GI diet can improve glucose 
control in patients with type 2 diabetes, as demonstrated 
by Jung and Choi [12] however, the long-term effects of 
low-GI diets remain uncertain. Thomas and Elliott's review 
supports this view, stating that while low-GI diets can have 
small but valuable effects on medium-term glycemic control 
in diabetes, they only offer modest secondary benefits [13]. 
Additionally, some studies suggest that high-GI diets may 
lead to poorer short-term metabolic outcomes, increased 
hunger, food intake, and decreased satiety. However, other 
studies have not found the same association or an inverse 
relationship [9,14].

Furthermore, the relevance of dietary GI is still debated, 
and having a reliable GI table is crucial to resolving this 
issue. The recent update includes over 4,000 items, a 61% 
increase compared to the 2008 edition. These values come 
from verified sources, both published and unpublished. 
However, the vast majority of published GI values are of 
Western origin, mainly European, Australian, and North 
American. African foods are limited, with 56 entries [15]. 
African foods differ significantly from Western foods, as they 
are locally grown and processed. Therefore, more research is 
needed to determine the GI of commonly consumed African 
foods to enable GI and other dietary recommendations in 
the region's treatment, management, and prevention of T2D. 
Relying on international GI tables or consulting experts to 
assess local foods' impact is unreliable. This study aims to 
determine the GI values of six commonly consumed foods 
in Benin, West Africa, to supplement the GI database for 
traditional African foods. This data will help design diabetes 
diets and enhance metabolic functioning in individuals with 
metabolic syndrome, potentially reducing T2D occurrence in 
the general population.

Materials and methods
Study setting and design

This prospective and descriptive research study was 
conducted from November 2016 to January 2017 in the 
Nutrition Laboratory at Faculty of Health Sciences, University 
of Abomey-Calavi, Benin.

Study population and sampling

The study involved students from the Faculty of Health 
Sciences over 18 years old. It included healthy individuals 
with a fasting blood glucose level below 1 g/l and non-
diabetic. Additionally, they needed to be reachable by phone 
during the study, not undergoing hormonal treatment, and 
refrain from drinking alcohol the day before the test. All 
participants provided informed consent. To determine the 
glycemic index (GI), the World Health Organization (WHO) 
recommends a minimum sample size of six healthy volunteers 
of any gender [16]. For our study, we enrolled 18 healthy 
student volunteers who were available during the test period 
and willingly agreed to participate.

Preparation of foods

Dry food samples were purchased from Dantokpa 
Market in Cotonou, Southern Benin. The tested foods 
included corn paste, recycled corn paste, red corn paste 
(consisting of corn flour and tomato sauce), imported white 
rice, local white rice, and fried potato. The quantities tested 
were 180g, 180g, 180g, 213g, 166g, and 226g, respectively. 
Vegetables soups and tomato stews were served with the 
tested food to reflect local consumption habits. The amount 
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Recipes Ingredients Preparation Presentation

1. Corn paste 
+ vegetable 
soup

2. Recycled 
corn paste 
+ vegetable 
soup

• 04 glasses of corn 
flour,

• Water (sufficient 
quantity)

• 350g tomato 
puree, 500g 
leafy vegetables 
(Solanum 
macrocarpon) cut 
and washed,

• Spice (onion, garlic, 
ginger pepper)

• 30ml vegetable
• Oil
• Fish

Corn paste
• Put water on fire.
• Mix two glasses of corn flour 

and pour into boiling water.
• When the mixture boils, 

gradually pour in the flour and 
stir with a wooden spatula.

• Prepare a smooth dough and 
not very hard.

• Cover the dough and cook 
over low heat for 5 min.

Leaf vegetable soup with 
fish
• Pour the tomato puree 

and spices into a 
saucepan and bring to 
the heat.

• Add the oil and stir.
• Leave on a low heat for 

3 min.
• Add 250ml of water and 

salt to taste and bring to 
a boil.

• Pour in the vegetables 
and stir. 

•  Cook over low heat for 
10 min

3. Red Paste 
with Tomato 
stew**

• 100 ml oil,
• 02 onions,
• 08 fresh tomatoes,
• 20g smoked 

shrimp,
• 06 cup of corn flour,
• 01 broth cube
• Salt
• Fish

Red Paste
• Heat 4 tablespoons of oil and 

add 6 crushed tomatoes.
• Pour two cups of water into 

the mixture.
• Cook for 5 min.
• Then add the spices, smoked 

shrimp and crushed chili.
• Cook for 5 min, then add the 

broth and salt.
• Add two glasses of corn flour 

and pour into the mixture to 
make porridge.

• When boiling, gradually pour 
in the flour and stir with a 
wooden spatula.

• Prepare a smooth dough and 
not very hard.

• Cook over low heat for 5 min.

Tomato stew
• Make tomato juice with: 

oil, onion, tomato, garlic, 
pepper.

• And salt. 
• Serve red dough 

with tomato juice and 
crushed green pepper

4. Imported 
fragrant 
white rice 
+ tomato 
sauce

5. Local 
white rice 
+ tomato 
sauce

• Rice, water, salt
• Tomato puree, 

onions
• Spice (garlic, ginger 

pepper)
• 2 bay leaves
• Salt
• Fish

Cooked rice
• One rice measure for two 

water measures
• Salt the water

Tomato stew
• Pour the tomato and 

spices into a saucepan 
and put on the heat

• Cook 2 to 3 min
• Add water and bring to 

a boil
• Salt to taste
• Once sauce is ready, 

add oil
• Lower sauce from heat.
• Serve rice + tomato 

sauce + fish  

6 French fries 
+ tomato 
stew**

• Local potatoes
• Vegetable oil
• Fresh tomatoes
• Onions
• Chili pepper
• Salt

French fries (Fried potato)
• Peel the potatoes.
• Cut into 1 cm sticks.
• Wash in cool water
• Drain and dry
• Dip the cutouts in the frying 

oil.
• Cook for 8 to 10 min
• Put on adsorbent paper
• Salt

Tomato stew
• Make tomato juice with: 

oil, onion, tomato, garlic, 
pepper

• And salt

* Corn paste prepared the day before and warmed the next day with a harder consistency than freshly prepared corn paste. ** Stew= tomato sauce 
obtained by coarsely slicing tomatoes, onion and green pepper then seasoning.

Table 1: Processing and preparation of tested foods
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of food consumed for each recipe was calculated using the 
West African food composition table [17] and the Beninese 
food guide helped determine the appropriate food servings 
[18]. Table 1 outlines the processing and preparation of the 
tested foods.

Data collection
A standardized questionnaire containing information on 

age, sex and socio-demographic characteristics was used. 
The participants had their weight and height taken using a 
scale and a stadiometer without shoes or heavy objects. These 
measurements were averaged for analysis. After the weights 
and heights were checked, participants were asked about their 
last meal to ensure they fasted for 10-14 hours before testing. 
Venous blood was drawn from each participant to measure 
their blood sugar (BS) using a glucometer. Following 
this,100g of white bread (reference food), containing 50g of 
carbohydrate was given to each participant. The stop watches 
were started when subjects started to eat white bread. The time 
each participant began to eat the bread was recorded. Fifteen 
(15) min after consuming the reference food, participants had 
their blood glucose levels tested. Samples were subsequently 
taken from all subjects at the 15th, 30th, 45th, 60th, 90th, 
and 120th min intervals to check their glucose concentration 
in mmol/L. This process continued for two hours. Once 
completed, the BS of each respondent was measured, 
followed by an estimated intake of test foods containing a 
50g available carbohydrate portion. The nutritional values of 
the tested foods are shown in table 2. The investigation team 
consisted of a nutritionist for anthropometric measurements, 
laboratory technicians for blood samples, and a cook for the 
preparation of dishes to be ingested.

Anthropometric measurements
The weight of the subjects was measured with a SECA® 

mechanical scale with a capacity of 120 kg of 0.1 kg precision. 
The height was measured using a SECA® portable measuring 
rod with a 2-meter capacity and centimeter graduations. 
The body mass index (BMI) was calculated as weight in kg 
divided by squared height in meter and compared with the 
WHO scale [16].

Determination of blood glucose (sugar)
To measure blood glucose levels, an enzyme method 

was used with glucose oxidase and peroxidase. A 
spectrophotometer at a wavelength of 520 nanometers 
was used to take readings. The process involved collecting  
100 μl of reagent (glucose kit) and adding it to test tubes with 
an anticoagulant. The number of test tubes needed equals the 
number of samples plus three additional tubes for the reagent 
white, the standard, and the control serum. After centrifuging 
the samples at 300 nm for 15 min, 10 μl of serum from each 
sample was added to the corresponding test tube.

Glycemic index calculations
Changes in blood glucose concentration were calculated 

separately for each post meal period by using the blood 
concentration before meal (time 0) as a baseline. Postprandial 
responses were compared for maximum increase and 
incremental area under the glucose curves for each food. 
The integrated area under the postprandial glucose curve was 
calculated by the trapezoidal method [19]. Area increments 
under the curves for a given food were determined for the 
2-hour period after the meal. The relative glycemic index of 
each food was calculated as percent of the mean of individual 
areas under the glucose response curves [19] using the 
following formula:

GI 

Foods were classified as low, medium, or high GI 
according to the following: GI values ≤ 55, Low GI; GI of 
56-69, Medium and GI ≥ 70, High GI [20].

Statistical analysis
Data were entered in Microsoft Excel 2022 and the 

softwares MATLAB [21] and AIRES [22] were used to 
perform data analysis and processing. The findings were 
presented as ratios, mean values ± standard deviation, and 
medians. The student’s t test helped to compare the mean 
values of incremental areas under the curve calculated for 
each food and reference food. The analysis of variance 
(ANOVA) permitted to compare the calculated mean values 
of incremental areas under the curve, and the GIs and loads of 
the four fruits. Difference was significant if p < 0.05.

Ethical considerations
The study's research protocol received approval from the 

Local Ethics Committee of the Faculty of Health Sciences 
in Cotonou. The researchers also ensured that participants 
were fully informed about the study's aims and procedures 
and obtained written informed consent from all participants 
before enrollment.

Results
General characteristics of study subjects

Table 3 shows the general characteristics of the subjects 

Foods
Values for a serving of 100g

Energy 
(kcal)

Carbohydrates 
(g) Fibers (g)

Corn paste 368.8 65.2 4.3

Recycled corn paste 368.8 65.2 4.3

Red paste 355.8 42.7 3.3

Imported white rice 139 25.2 1.7

Local white rice 529.7 57.9 2.8

Fried potato 161.7 20.6 2.5

Table 2: Nutritional values of tested foods
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involved in the study. The age of the volunteers ranged from 
years 19-26 years with equal proportions of male and female. 
The weight was found to be between 52 kg - seventy-six 76 
kg. The height of the subjects ranged from 1.6 - 1.8 m. The 
BMI of participating subjects ranged from 18.2-24.4 kg/m2 
while 62% of them were in normal range, 25% underweight, 
and 12,5% in overweight range. The volunteers BS ranged 
from 59 mmol-87 mmol. Levels were within the normal 
range.

Variation in blood glucose during 2 hours after 
consumption of each of the six tested foods

Changes in blood glucose (g/l) at different measurement 
times (min) for white bread and the six foods tested (corn 
paste, recycled corn paste, red paste, imported white rice, 
local white rice, fried potato) is shown in figure 1. Peak blood 
glucose is reached at T = 15 min for corn paste and recycled 
corn paste in contrast to imported white rice, local white 
rice and French fries whose peak blood glucose levels are 
observed at T = 30 min. As for the red paste, its peak was 
observed at T = 45 min. Finally, the peak in blood glucose 
related to the consumption of white bread (reference food) 
was obtained at T = 60 min.

Glycemic indexes of the six texted foods
The glycemic index of the foods tested is presented in 

table 4. The GI values obtained for all of these foods show 

that they belong to the group of foods with a high glycemic 
index (GI > 70). The GI variance analysis did not show any 
significant difference (p = 0.139) between the values for all 
tested foods.

Discussion 
After the consumption of each of the six staple foods, 

blood glucose level increased over time, reaching its peak at 
30 min for imported white rice, local white rice, and fried 
potatoes, whereas for corn paste and recycled corn paste, 
the increase came earlier at 15 minutes; later at 45 min for 
the red paste, then blood glucose lowering was observed 
over time. Among ten healthy, non-diabetic human subjects 
between 20 and 50 years, all carbohydrates-rich Ghanaian 
staples peaked 30 min after ingestion by measuring blood 
glucose levels every 15 min over two hours [23]. Another 
study focused on the glycemic response of maize and rice 
among healthy subjects revealed a peak in approximately 
30 min, followed by a gradual decrease in that glycemic 
response [24]. Our study and other studies' findings showed 
distinct variations in the glycemic response to fixed amounts 
of carbohydrates available in carbohydrate-rich staples. 
These findings confirm that equal servings of carbohydrates 
in various foods may generate different glycemic responses 
[25]. The study also revealed that corn, recycled, and red 
corn paste had very high GI values of 85.3%, 94.3%, and 
76.8%, respectively. It was found that processing methods 
such as cooking, boiling, frying, steaming, and baking tend 
to increase GI values [26, 27]. Although Akanni found 
that corn paste's GI is 48.1% [28], which is much lower 
than our study's results, it should be noted that the quantity 
of corn paste tested was not specified, and the difference 
observed could be due to the corn paste accompaniment and 
preparation method. It is also worth noting that recycled corn 
paste undergoing processing usually has a slightly higher 
GI than hot corn paste. In our study, we used recycled corn 
paste or reheated hot corn paste from the previous day, which 

 
Men Women Men & Women

Mean ± SD Mean ± SD Mean ± SD N (%)
Age (ans) 24.4 ± 4 20.2 ± 0.9 22.1 ± 3.4  

Weight (kg) 66.2 ± 4.2 57.0 ± 10.6 61.6 ± 8.9  

Height (m) 1.76 ± 0.0 1.64 ± 0.1 1.7 ± 0.1  

BMI (kg/m2) 21.3 ± 1.1 21.2 ± 4.5 21.3 ± 3.1  

<18.5    2 (25)

18.5-24.9    5 (62.5)

25-29.9    1 (12.5)

BMI: Body Mass Index; SD = Standard Deviation

Table 3: Description of the study population (N = 8, sex-ratio  
(H/F) =1)

Foods IG (%) ± SD

White bread 100 (Reference)

Corn Paste 85.35 ± 0.4

Recycled Corned Paste 94.32 ± 0.8

Red Corn Paste 77.76 ± 0.3

Imported white rice 136.46 ± 0.8

Local white rice 148.40 ± 0.7

Fried potatoes 89.87 ± 0.5

Table 4: Glycemic index of tested foods.

Figure 1: Changes in blood glucose (g/l) at different time points 
(min) for all foods tested
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could have caused a break in the polysaccharide chains and, 
consequently, increased glycemic index. This could also 
explain why recycled paste had a higher GI value. However, 
red corn paste had a lower GI than the others, which could be 
attributed to the cooking process, mainly the action of fibers 
and other macronutrients contained in the tomato sauce used 
to prepare the paste [26]. Similarly, the GI for imported and 
local white rice was high, 136.5% and 148.4%, respectively, 
with no significant difference between both GI values (p > 
0.05). It is important to note that different types of rice have 
varying GI values due to their inherent botanical differences. 
In particular, the presence of amyloidosis content can impact 
carbohydrate digestion and absorption. Rice structure, such 
as particle size and cooking method, also affects glycemic 
responses [29]. Furthermore, rice contains 80% starch, and 
its increased consumption in refined form can increase T2D 
risk [30,31]. For example, Asian populations who consume 
staple white rice have a higher risk of diabetes and metabolic 
syndrome [32]. Finally, Foster-Powell et al. have found 
that potatoes generally have a high GI value, regardless of 
processing. However, some varieties may have lower GI 
values [33]. The tested fried potatoes in this study had a GI of 
89.9%, comparable to Foster-Powell et al.'s findings. Further, 
due to the nature of the tested foods, they were served with 
accompaniments instead of being consumed alone. For 
example, corn paste was paired with 30g of vegetable soup, 
while red paste and fried potatoes were served with tomato 
stew. Various factors, such as fat [34], protein [35], and 
acidic compounds [36-38], can influence a meal's glycemic 
index (GI). Therefore, consuming a particular food with 
different accompaniments can result in a different glucose 
response than consuming that same food alone. The amount 
and type of carbohydrates in a meal can impact the glucose 
response, and the presence of fat and protein can affect 
gastric emptying and insulin secretion [39]. However, fat and 
protein must be present in large amounts per 50g of available 
carbohydrate to significantly affect GI [40-42]. This was not 
the case in the present study, where the total quantities of fat 
and protein did not reach the necessary thresholds of 30g and 
50g, respectively. Finally, the results of this study will play 
a crucial role in developing practical dietary and therapeutic 
objectives for individuals with T2D and other clinical 
conditions that require carbohydrate restriction. However, 
it is essential to note that this study has certain limitations. 
Specifically, it only involved healthy adults, so glycemic 
responses to starchy foods for non-healthy patients remain 
unknown. Therefore, this study only applies to healthy adults, 
not those with certain diseases. Future research should also 
focus on the obese adult population, which is prevalent in 
Benin. Food's impact on health, especially carbohydrate 
consumption, is a significant public health concern. Several 
studies have explored the positive effects of low GI (GI < 
55) foods [9,10] on reducing the risk of T2D and associated 
chronic diseases. However, this study found that all the foods 

tested had a high GI (GI >70) and are commonly consumed in 
the Beninese diet. Therefore, nutrition education is necessary 
to promote better dietary practices and combat T2D and 
associated diseases in the country. Nevertheless, further long-
term studies are required to establish the direct relationship 
between these diseases and high-GI foods. Additionally, 
more research is needed to determine the GI of other locally-
consumed foods to effectively support the use of GI in 
conjunction with other dietary recommendations in managing 
and preventing T2D.

Conclusion
This study determined the glycemic index of six 

commonly consumed foods in Benin. The GI of all tested 
foods, namely local white rice, imported white rice, recycled 
corn paste, fried potato, corn paste, and red paste, was above 
70. Therefore, these high-GI foods should be consumed 
with low-GI foods such as vegetables, legumes, meat, etc. 
Nutritional education of the population is also necessary to 
promote healthy diet and prevent the risk of diabetes.

Highlights
•  High glycemic index (GI) foods can raise blood glucose 

and insulin levels.

•  Low GI diet can improve glucose contrôle in patients with 
Type 2 Diabetes.

•  Few data on african food GI is available, particulary in 
Benin.

•  Six commonly consumed foods in Benin had GI above 70.

•  Consumption of moderate portions of these food should 
be recommended.
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