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Abstract: Knowledge about the glycaemic load of a food is very important in minimizing the 

prevalence of diabetes and other Non-Communicable Diseases. The purpose of this study was to 

determine the glycaemic load of the different varieties of fufu in the Wenchi municipality in Ghana. 

Quantitatively, the study adopted a crossover experimental research design. The research was 

carried out in Wenchi, the capital of the Wenchi Municipal Assembly, in the Bono Region. 

Convenience a n d  purposive sampling techniques were used to select ten (10) healthy adults for 

blood glucose tests in this study. Materials used for the study were Fresh cassava, plantain, yam, 

and cocoyam. Descriptive analysis was used in analysing and interpretation of the data. Values were 

analyzed by one-way analysis of variance (ANOVA). Statistical significance was set at p<0.05. 

Statistical analysis was performed using Statistical Package for Social Science (SPSS) 20.0. Proximate 

analysis of the study concluded that, plantain fufu contained the least carbohydrate content among 

the three fufu mixtures. The study also revealed that all fufu combinations had a high glycaemic 

load and this is as a result of the large portion size of fufu that is eaten at a serving. The glycaemic 

load of fufu combinations showed no significant difference, however, looking at the actual values, 

there are differences in them which should not be overlooked. It is recommended that consumers 

of fufu can eat any of the three mixtures of fufu, but there will be the need to take a smaller portion 

size of the fufu since a larger size can have adverse effects on their blood glucose level. It is also 

recommended that in other for fufu to be digested well and glucose to be absorbed easily, especially 

yam fufu, consumers should make sure to eat fufu at least about five hours before going to bed. It 

is recommended that nutritionists, dieticians, and diet therapists can as well recommend yam fufu 

and cocoyam fufu for diabetics and prediabetics, to bring about varieties in their diet. 
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1. Introduction 

Fufu is one of the local foods mostly eaten in Ghana and other West African 

countries. In Ghana, it is commonly eaten among the Akans and it is made from cassava 

and/or plantain, cocoyam, or yam. Even though most people prefer the cassava and 

plantain combination, the cassava and yam or the cassava and cocoyam combination 

become an option for people, especially during seasons when plantain becomes scarce 

and expensive in the country. There are equally other people who prefer the other 

combination to the cassava and plantain combination. The main nutrient found in fufu is 

carbohydrate. This means that other nutrients can be found in fufu. Carbohydrates are 

broken down into sugar when they are eaten and absorbed into the bloodstream. 

According to Davis (2009), as blood sugar levels rise, the pancreas produces insulin, a 

hormone that prompts cells to absorb blood sugar for energy or storage. Carbohydrate is 

the main nutrient that will raise blood glucose [1]. Blood glucose is the amount of glucose 

in an individual’s blood at a given time. Other factors that could cause a rise in blood 
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glucose include stress, medication, sickness and genetic factors [2]. Carbohydrate can be 

classified as simple or complex carbohydrate. However, grouping carbohydrates into 

simple and complex does not account for the impact they have on blood sugar and the 

chronic diseases associated with them [3]. To describe the direct effect different kinds of 

carbohydrate-rich foods have on blood sugar, the glycaemic index was developed and is 

considered a better way of classifying carbohydrates, especially starchy foods [4]. 

Glycaemic index is the measure of the relative ranking of how fast or slow a carbohydrate-

rich food raises blood sugar levels after the food has been ingested [5]. Eating high 

glycaemic index foods can lead to powerful spikes in blood sugar. The outcome of this 

may lead to an increased risk of Type 2 diabetes, heart diseases and even overweight [6, 

7-8]. A food’s glycaemic index is not the optimum way of determining the effect of the 

carbohydrate on blood glucose. This is because it does not take into account how much 

digestible carbohydrate; the total carbohydrate excluding fibre, it delivers [4]. For this 

reason, researchers established a related way to categorize foods that take into account 

both the glycaemic index and the amount of carbohydrate in the food and its impact on 

blood sugar levels. This is known as the glycaemic [9, 10]. A food’s glycaemic load is 

determined by multiplying its glycaemic index by the amount of carbohydrate present in 

the food. A glycaemic load of 20 or more is high, 11 to 19 is medium, and 10 or less is low 

[11]. A study conducted revealed that people who eat lower-glycaemic load diets are at a 

lower risk of developing type 2 diabetes than those who eat a diet of higher-glycaemic 

load foods [12]. A comparable analysis on Associations of glycaemic index and load with 

coronary heart disease events: a systematic review and meta-analysis of prospective 

cohorts shown that higher-glycaemic load diets are associated with an increased risk of 

coronary heart diseases. 

Carbohydrate metabolism is vital in the development of Type 2 diabetes. This 

happens when the body cannot produce enough insulin or cannot properly use the insulin 

it makes. Type 2 diabetes usually develops progressively over years. It starts when 

muscles and other cells stop responding to insulin, a condition, known as insulin 

resistance [13]. This causes blood sugar and insulin levels to remain high over long 

periods after eating. With time, the hefty demands made on the insulin-producing cells 

wear them out, and insulin production ultimately stops [4]. This can also lead to a long-

term damage to the body and the failure of various organs and tissues [14]. 

In 1997, an estimate of 124 million people worldwide had diabetes, 91% of whom 

were non- insulin dependent Diabetes mellitus (Type 2 diabetes). By the year 2010, the 

total number of people with diabetes was anticipated to reach 221 million. The regions 

with the highest potential increase are Asia and Africa, where the rate could rise 2 or 3 

times what is experienced today [15]. A study indicated that the diabetes prevalence rate 

in Ghana is estimated to be 2.0% with a mortality rate of 13% [16]. In urban Ghana today, 

Type 2 Diabetes mellitus affects at least 6% of adults and is associated with age and obesity 

[17]. Even though there are other factors that can contribute to diabetes, foods that have a 

high glycaemic index, as well as high glycaemic loads, are the leading cause of diabetes  

1.1. Different combinations of ingredients for making fufu 

In Ghana, ‘fufu’ usually comes in three different varieties. It is either made with 

cassava and plantain, cassava and cocoyam or cassava and yam. Even though the cassava-

plantain combination is most preferred, due to cultural influence or scarcity, patrons often 

go in for the other alternatives. The cassava-yam combination, for instance, is preferred in 

the Brong-Ahafo and Northern part of the country (personal knowledge). Below are 

pictures of the different combinations of ‘fufu’ eaten in Ghana. 

https://www.hsph.harvard.edu/nutritionsource/diabetes-prevention/
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Figure 1. Cassava-plantain fufu 

 

Figure 2. Cassava-cocoyam fufu 
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Figure 3. Cassava-yam fufu 

1.2. Cassava 

Cassava is regarded as one of the most essential crops grown in the tropics and a 

principal carbohydrate staple. It is ranked third most important food source of calories in 

the tropics after cereal crops [18]. Ghana is recorded the third African producer, after 

Nigeria and the Democratic Republic of Congo with a yearly production of about 10 

million tonnes representing 8% of overall cassava production on the continent [19]. The 

starch content in the root differs according to varieties and contains the highest amount 

of starch [20]. Cassava ranks 6th as the most essential source of energy in human diets on 

a global basis and the 4th supplier of energy after rice, sugar, and corn/maize [21]. It is 

very low in fats and protein compared to cereals and pulses. Nevertheless, it contains 

more protein than that of other tropical food sources like yam, potato, plantain etc. [4]. 

Cassava also has antinutrients, such as phytate, fibre, nitrate, polyphenols, oxalate, and 

saponins that can lessen nutrient bioavailability [22]. Cassava is considered a perishable 

commodity with a shelf life of fewer than 3 days after harvest. Processing offers a means 

of producing shelf-stable products (thereby reducing losses), adding value at a local rural 

level and reducing the bulk to be marketed [23]. Cassava, when processed, can be made 

into different kinds of food like ‘gari’, ‘tapioca’ and ‘akyeke’. One common Ghanaian food, 

‘fufu’, is prepared by boiling cassava and mixing with other boiled carbohydrate staples 

like plantain, yam or cocoyam. A 100 g of raw cassava contains 38 g carbohydrate, 1.8 g 

fibre, and 1.7 g sugar and could yield about 670 (kJ) of energy. Cassava has an amylose- 

amylopectin ratio of 30:70, which makes it more accessible to digestive amylases hence 

the more likely to stimulate higher glucose response when it is consumed [24]. Below is a 

picture of fresh and matured harvested cassava tubers. 

 

Figure 4. Freshly harvested matured cassava tubers. 

1.3. Plantain 

It is projected that 60 million people in West Africa obtain more than 25% of their 

carbohydrate intake from plantain [25]. In Ghana, plantain contributes more to the 

Agricultural Gross Domestic Product (AGPD) than cereals [26]. Plantains serve as 

significant sources of food particularly in the Ashanti, Brong Ahafo and Eastern regions 

of Ghana. Numerous varieties of plantain are cultivated in West Africa. These are 

categorized as French Horn Plantain, False Horn Plantain, or the True Horn Plantain [27]. 

Locally in Ghana, names of the sub-varieties of French Horn plantain include ‘Apempa’, 

‘Oniaba’ and ‘Nyeretia apem’. That of the False Horn comprise ‘Borodewuo’, ‘Apantu pa’, 

‘Borode sebo’ and ‘Osoboaso’ and the True Horn sub-varieties are ‘Asamienu’ and 

‘Aowin’. In Ghana, the variety that is mostly used in making ‘fufu’ is the ‘Apantu 
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pa’. Raw unprocessed plantain contains 32 g of carbohydrate, 15 g sugar and 2.3 g fibre 

per 100 g [24]. Plantains, unlike banana, are often processed before eating. They are 

cooked, fried or roasted before eating. In Ghana, plantain can be boiled and pounded 

together with boiled cassava into ‘fufu’. The slightly ripe boiled plantain could also be 

mashed into ‘eto’, a food common to the Akans. Plantain has a high fiber content, and 

therefore capable of lowering cholesterol and also helps to relieve constipation and hence 

prevention of colon cancer. Besides this, its low glycaemic index makes it the desirable 

carbohydrate staple that is mostly recommended for diabetics [24].  

Potassium content in plantain is found to be beneficial in the prevention of raising 

blood pressure and muscle cramp. Plantain is identified to be low in sodium [29]. It has 

very little fat and no cholesterol; hence useful in managing patients with high blood 

pressure and heart disease. 

 

Figure 5. Fresh fingers of plantain 

1.4. Yam 

The Food and Agriculture Organization of the United Nation ranks Ghana as second 

to Nigeria in the production of yam with a production of 6,638,867 tonnes [30]. A 100 g of 

raw yam provides the body with 110 calories with about 54% of glucose, and 21% dietary 

fibre which makes yam to have a lower glycaemic index [31]. Yam contains good levels of 

potassium, manganese, thiamine while being low in saturated fat and sodium [32]. The 

tuber is a good source of vitamin B-complex such as pyridoxine (vitamin B6), thiamine 

(vitamin B1), riboflavin, folate, pantothenic acid, and niacin. These vitamins are needed 

for metabolic functions in the body. Vitamin C which plays vital roles as anti- aging, 

immune function booster and wound healing is also present in fresh tubers of yam. It, 

however, contains a small amount of protein and vitamin A [4]. Nevertheless, a 

combination of yam and cassava provides a much better proportion of protein. Yam is 

widely consumed in Africa especially in Ghana. Boiled yam tubers are added to boiled 

cassava and are pounded into “fufu”. This mixture of fufu is mostly found in the Northern 

and Brong Ahafo regions of the country. Yam can also be fried and roasted. Among the 

Akans, “bayire to”, a dish similar to “eto” (mashed plantain) is prepared from mashed 

yam and palm oil with eggs. Below is a picture of some fresh mature yam. 

https://en.wikipedia.org/wiki/Glucose
https://en.wikipedia.org/wiki/Potassium
https://en.wikipedia.org/wiki/Manganese
https://en.wikipedia.org/wiki/Thiamin
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Figure 6. Freshly harvested matured yam tubers 

1.5. Cocoyam 

Nutritionally, cocoyam has a higher value than most other root and tuber crops. 

Cocoyam is very rich in carbohydrates, ranging between 73 and 80% and 1.4% crude fibre 

[33]. Cocoyam contains greater amounts of vitamin B-complex than whole milk [34]. He 

also concludes that because of the ease in the assimilation of cocoyam, it can be used by 

persons with digestive problems. Cocoyam also has a higher value of proteins and amino 

acids than many other tropical root crops [35]. Additionally, cocoyam tubers contain 

minerals such as potassium, calcium, and magnesium but they are low in sodium [36]. 

Thus, cocoyam is one of the few major staple foods where both the leaf and the 

underground parts are equally important in the human diet. All part of the cocoyam may 

contain calcium oxalate hence it must be cooked to be eaten safely. Both the tuber and 

leaves of cocoyam have been used extensively as food in many countries. Poi is a 

Hawaiian dish, for babies from cocoyam [37]. In Ghana, cocoyam can be boiled and 

pounded with boiled cassava to make “fufu”, a Ghanaian food. A dish known as “mpoto 

mpoto” or “nuhuu” (cocoyam porridge) is made from boiled cocoyam with palm oil and 

other vegetables like pepper, onion, tomatoes. The tuber can be fried, roasted and boiled 

and eaten whole. Cocoyam can also be made into flour and used as a composite in flour 

products. Below is a picture of matured harvested cocoyam. 

 

Figure 7. Matured harvested cocoyam 

 



Christabel Amponsah Adu-Gyamfi 7 of 21 
 

 

1.6. Determination of glycaemic index 

The glycaemic response of a food is measured by taking blood samples for glucose 

test at timed intervals which start at the first bite of the test food [38]. In determining GI 

of a number of carbohydrate foods, the incremental area under the curve for the reference 

food is used as a denominator to each test food. According to the standard methodology, 

the reference food is repeatedly measured to allow for precision. Any differences in the 

glycaemic response from the reference food will have a great effect on the GI than 

variations in the test foods [39]. They recommend that the measurement of the reference 

food be repeated at least one in each participant of a GI determination research. 

1.7. Glycaemic load concept 

Although the GI can represent a carbohydrate-containing food’s effect on blood 

glucose, the portion size is also an important factor that needs to be taken into 

consideration for glucose management as well as the management of weight. A study 

stated that both the quality and quantity of carbohydrate in a food determine an 

individual’s glucose response to the food [40]. The glycaemic load is therefore the new 

way to evaluate the impact of carbohydrate consumption that takes into account the 

glycaemic index but provides a deeper picture than the GI does. Glycaemic load is defined 

as the product of a food’s glycaemic index and its total available carbohydrate content 

[41]. 

1.8. Portion size and glycaemic control 

The idea of portion size of foods consumed at a sitting and the serving sizes are 

important in the effective dietary intake and glycaemic control studies. This is because 

food’s portion sizes have a major effect on the glycaemic index of the food, thereby 

increasing the glycaemic load of the food [42]. The United States Department of 

Agriculture (USDA) and Food and Drugs Administration and Control (Young & Nestle, 

2003) have established standard serving sizes that guide Americans to select the right 

portion sizes of food to eat for sustained and improved health [43, 44]. 

1.9. Glycaemic Load and Health 

The glycaemic load concept has widely been associated with various Non-

Communicable Diseases (NCDs) by several [45, 46]. It has positive associations with the 

tenacity of either increasing the risk of acquiring them or reducing the risks. Foods that 

have high GL are linked to an increased risk of certain chronic diseases whiles low GL 

diets are seen to reduce the risk of acquiring these diseases. 

1.10. Glycaemic load and diabetes 

In a collection of studies, both the glycaemic index and the glycaemic load of the total 

diet have been associated with a greater risk of type 2 diabetes in both men and women 

[47]. Diabetes represents a group of metabolic disorders, categorized by hyperglycemia 

(high blood glucose) or hypoglycaemia (low blood glucose) as well as glucose intolerances 

[45]. Hyperglycaemia has been associated with loss of pancreatic β cell function that can 

result in glucose intolerance and eventually an irreversible state of diabetes [10]. 

Since diabetes is primarily a condition of disordered glucose metabolism, it is 

important to bear in mind the type of dietary carbohydrate that can influence the risk and 

course of this disease [2]. A diet that produces higher blood glucose concentration and 

greater demand for insulin would increase the risk of type 2 diabetes. To evaluate the 

hypothesis that high dietary glycaemic load food would increase the risk of type 2 

diabetes, women with a high intake of high cereal fibre and low GL foods were at a lower 

risk of diabetes as compared with those with low cereal fibre and high GL diets [10]. A 

study reports that increasing the consumption of low-GL and fibre-rich foods, possibly 
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improve blood glucose control as well as reducing the incidence of hypoglycaemic events 

[48] . 

1.11. Glycaemic load and coronary heart diseases 

A scientific research reports that CHDs have become the largest cause of deaths 

globally [49]. Cholesterol has normally been associated with CHDs and as a result of that, 

people should focus on the reduction of saturated fatty acids Consequently, there has been 

the embracement of low-fat, high carbohydrate diet. However, studies have shown that 

these high carbohydrate diets, having high glycaemic load increase the relative risk of 

CHDs [13]. A study found that high GL diets can affect changes in lipid profile regardless 

of the cholesterol, protein or fat content [50]. In a similar study postulate that high GL 

diets were found to produce a decrease in HDL and increased in LDL [51].  

1.12. Glycaemic load and obesity 

The prevalence of obesity has increased instead of lowering. This concern has been 

raised when recommendations by Western Dietary Guidelines encouraged the 

consumption of carbohydrate in place of fat. This has been attributed to the fact that total 

diet calories have been consumed more from carbohydrate than fat [52]. Studies have 

confirmed that consuming low GL diets reduce hunger and promote satiety [53]. This will 

mean that people who consume high GL diet will find it difficult to lose weight since these 

high GL foods incite the onset of hunger, few hours after eating. This supports the 

assumption that GL of a food is significant in the management of obesity [52, 53]. 

However, the consumption of high glycaemic indices and high glycaemic load diets 

for several years might result in increased postprandial blood glucose spikes and 

excessive insulin secretion [10]. This could lead to the loss of insulin-secreting function of 

the pancreatic β- cells, resulting in irreversible Type 2 Diabetes mellitus. In addition to 

this a study state that, sustained spikes in blood sugar and insulin levels may lead to 

increased diabetes risk [53]. Diabetes mellitus Type 2 is currently one of the most 

prevailing chronic diseases in the world and the number of people with the disease is 

stated to be increasing in every country. 

International Diabetes Federation (IDF) has estimated that 415 million adults 

globally, are presently living with the condition. Nonetheless, this is predicted that people 

having this condition would rise to 642 million by 2040. An estimated 14.2 million adults 

(aged 20-79) have diabetes in Africa, representing 6.7% [54]. This prevalence can be 

minimized to a lower rate when people are made aware of the glycaemic indices and 

glycaemic loads of the foods they consume, as these play major roles in the development 

of this condition. When consumers are well informed on the rate at which the glucose in 

our local foods is released into the bloodstream, they will be very cautious about their 

choice of food and even the time they eat these foods as well as the amount they consume. 

A study revealed that the fufu made from cassava and plantain has a low glycaemic 

index of 55, hence it has little impact on blood glucose level when ingested and digested 

[55]. However, people do not only consume cassava-plantain variety of ‘fufu’ in Ghana. 

Some take the cassava and yam and the cassava and cocoyam combinations. Little works 

appear to have been done on these other fufu varieties and their impact on the blood 

glucose. This study investigated all the possible varieties of fufu that is consumed in the 

country and to analyze the extent to which each of variety affects the blood glucose level. 

The purpose of this study was to determine the glycaemic load of the different varieties 

of fufu in the Wenchi municipality in Ghana. The study was guided by these objectives 

(1) examine participants’ glycaemic response to ingested carbohydrate. (2) determine the 

glycaemic load of all the varieties of fufu. (3) perform proximate analysis on all varieties 

of fufu. The study was also guided by a research hypothesis - H0 = There is no significant 

difference in the glycaemic load of the different varieties of fufu. H1= There is a significant 

difference in the glycaemic load of the different varieties of fufu. 

http://lpi.oregonstate.edu/mic/glossary#postprandial
http://lpi.oregonstate.edu/mic/glossary#glucose
http://lpi.oregonstate.edu/mic/glossary#insulin
http://lpi.oregonstate.edu/mic/glossary#diabetes-mellitus
https://en.wikipedia.org/wiki/Diabetes
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2. Materials and Methods  

Quantitatively, the study adopted crossover experimental research design. The 

research was carried out in Wenchi, the capital of the Wenchi Municipal Assembly, in the 

Bono Region. Wenchi is a town that is made up of people of different tribes and cultures 

due to the schools and other companies found there. Convenience a n d  purposive 

sampling techniques were to select participants for the study. Ten apparently healthy 

adults were purposively sampled from public places like church, schools, and market 

places for the blood glucose test. All the participants were grouped together three days 

prior to the day of the test for an orientation. They were made known of the importance 

of undertaking such an experiment and its importance to the researcher as well. They were 

again instructed to stay away from alcohol and smoking within the periods of the 

experiment. 

2.1. Materials 

Fresh cassava, plantain, yam, and cocoyam were purchased from the local market in 

Wenchi. Below is the procedure involved in the preparation of the fufu used for the blood 

glucose test. The fufu was served with light soup and 30 g salmon fish. The calculation for 

each quantity of test food served was based on a proximate analysis done earlier by the 

researcher. 

2.2. Plantain fufu 

A ratio of 80:20 percent of cassava to plantain was used. They were then peeled and 

boiled together. After boiling, they were pounded in a mortar with pestle individually 

before they were mixed together until a soft texture was atained. The fufu was then 

divided into a portion size of 143 g, which contained 50 g of carbohydrate. 

2.3. Cocoyam fufu 

Cocoyam fufu was prepared from a ratio of 80:20 percent of cassava to cocoyam. They 

were boiled together until it well cooked, and then pounded separately. They were then 

mixed and pounded together to a soft texture. The final product was divided into sizes of 

138 g containing 50 g of carbohydrate.  

2.4. Yam fufu 

The third test food which is yam fufu was prepared with a combination of cassava 

and yam. The ratio of the cassava to the yam was 80:20 percent. After being cooked 

together, the fufu was made by pounding each staple separately and then mixed together 

and pounded. The end product was then divided in sizes of 116 g which had 50 g of 

carbohydrate. 

2.5. Proximate analysis 

A quantity of 100 g of each fufu combination was taken, milled and proximately 

analyzed. The following individual nutrients were determined. 

2.6. Moisture content 

An amount of 10 g was taken from each fufu and weighed into cleaned beakers. They 

were oven-dried at a temperature of 105oC for 48 hours. The samples were removed from 

the oven and put in a desiccator to cool for 30 minutes. The dry weights of the fufu were 

determined after cooling. The percentage moisture content of the fufu samples was 

determined using the formula: 
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2.7. Ash content 

Approximately 3 g of the milled fufu samples were weighed into a pre-weighed 

empty crucible. The crucibles containing the samples were placed in the oven at 100oC for 

24 hours. The crucibles were removed from the oven and transferred to a furnace where 

the temperature was raised to 550oC. The crucibles were then removed from the furnace 

to a desiccator and allowed to cool for 30 minutes and weighed. The percentage ash 

content of the samples was calculated using the formula below: 

 

2.8. Protein content (Kjeldhal protein) 

Protein content was determined by weighing 0.2 g of the milled samples into 

different digestion flasks, followed by the addition of 4.5 mL of digestion mixture. The 

samples in the flask were digested for two hours on a digester. After digestion, the flasks 

were removed and allowed to cool. Each flask was then washed with distilled water and 

the solution poured into a 100 mL conical flask. The solution was then made to the mark 

with distilled water. Twenty (20) mL aliquot of the solution was pipetted into the 

distillation apparatus followed by 10 ml of NaOH solution. Five (5) mL of boric acid was 

also pipetted into 50 mL conical flask. Each conical flask containing the boric acid was 

successively placed under the funnel of the unit to collect 50 mL of the distillate. The 

distillate turned from green to red wine using 1/140 MHCI. 

The percentage of nitrogen in the sample was calculated using the formula below: 

 

where 

S = sample titre (mL) B = blank titre (mL) M = molarity of HCI 

The protein content in the sample was calculated using the formula: 

 

where 6.25 is the protein-nitrogen factor. 

2.9. Fat content 

Approximately 10 g of the milled samples were weighed into 50 x 10 mm Soxhlet 

extraction thimbles. The samples were then placed into a 50 mL capacity Soxhlet extractor. 

A clean, dry 250 mL round-bottom flask was placed under the Soxhlet extraction unit. 

Fifty (50) mL of petroleum ether was measured and poured into the Soxhlet extraction 

thimbles that contained the samples and extracted for 6hours using a heating mantle. The 

round bottom flask was later removed and placed in an oven. The samples were left in 

the oven at 60oC for 3 hours. The round bottom flask containing the oil was removed and 

put into a desiccator to cool and then weighed. The fat content of the samples were 

calculated as follows: 

 

2.10. Fibre content 

Weight of fresh smaple - weight of dried smaple (g)
Moisture content (%) = 100

weight of oven dried smaple (g)


Ash weight
Ash content (%) = 100

weight


  14.007
% = 100 100/2

weight of smaple (mg)

S B M
N

  
 

%   % 6.25protein N  ，

Weight of fat
Fat content (%) = 100

weight of sample

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Fibre content was determined by weighing approximately 0.5 g of the milled samples 

into separate pre-dried crucibles. The crucibles were placed into a fibretec Hot Extraction 

Unit. Hundred (100) ml of concentrate H2SO4 (1.25%) solution were added to the samples 

and allowed to boil for exactly 30 minutes exactly. After boiling, the samples in the 

crucibles were washed with hot distilled water followed by 100 ml of 1.25 NaOH and then 

boiled for another 30 minutes. The crucibles were transferred to the fibretec cold 

extraction unit and then washed with methanol. The crucibles were later removed and 

dried at 105oC overnight and weighed after cooling. The samples in the crucibles were 

ashed for about 3 hours at 500oC, cooled in the desiccator and weighed. The percentage 

fibre content in the fufu was calculated using the formula below: 

 

2.11. Soluble carbohydrates content 

Soluble carbohydrate content in the samples were determined using standard 

laboratory procedure [56]. Step one involved the extraction of material while step two 

involved colour development. 

2.11.1. Extraction of materials 

Approximately 0.01g of the milled samples were weighed into different 50ml conical 

flasks and 30ml of distilled water were added. A glass bubble was placed in the neck 

region of the flasks and allowed to simmer gently on a hotplate for two hours. The conical 

flasks were periodically topped up to the 30ml mark distilled water. The samples were 

allowed to cool and the solutions poured into 50ml volumetric flasks fitted with No. 44 

Whatman filter paper. The solution was diluted to the 50ml mark with distilled water. 

Blank solution wias also prepared using distilled water. 

2.11.2. Colour development 

Two (2) ml each of standard solution was pipetted into different sets of boiling tubes. 

2 ml of the extracts were also pipetted into another set of boiling tubes. 10ml of anthrone 

reagent was added to the boiling tubes containing the sample solutions and the blank and 

then mixed thoroughly in an ice bath. They were placed in a beaker of boiling water and 

kept boiling for 10 minutes. The tubes were removed from the boiling water and 

transferred into cold water in the dark. The optical density of the sample and the blank 

were measured at 625 nm using the spectrophotometre (CE 1000 series). A calibration 

graph will be obtained by plotting absorbance against concentration for the standard 

solution. The glucose content (mg) in the milled fufu will be determined using the formula 

below: 

 

2.12. Data analysis 

Calculations from the nutrient analysis were done using standard equations. 

Descriptive analysis was used in analysing and interpretation of the data. Nutrient 

determinations were done in triplicate. The average values of the glycaemic responses 

before and after consumption of test and reference foods were used to draw a blood 

glucose curve for a 2-hour period. The blood glucose concentration against time was 

plotted on a graph sheet. 

The Incremental Area under the Curve of both reference and test foods were 

calculated separately for each participant by using the trapezoid rule, to show the rise in 

weight loss through ashing
Fibre content (%) = 

weight of oven - dry sample

C (mg) extract volume
Soluble carbohydrates (%)=

10 aliquot volume smaple weigh



 
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glycaemic response after consumption of foods. The percentage GI for each participant 

was calculated as the IAUC of each test food over the mean IAUC of the reference food, 

multiplied by 100. The formula used was; 

 

The GI of each test food was then calculated as the mean value of all 10 participants. 

The GL of a typical serving of each test food was then calculated using the formula below: 

 

The IAUC and GI were calculated using Excel 2013. Data was presented as means 

and standard deviations. Values were analyzed by one- way analysis of variance 

(ANOVA). Statistical significance was set at p<0.05. Statistical analysis was performed 

using Statistical Package for Social Science (SPSS) 20.0. 

3. Results and Discussion 

Ten participants were selected for the study. They were made up of five males and 

five females. Measurement of their height, weight, age, body mass indexes (BMIs) and 

waist circumference were all in the normal ranges as shown in Table 3. WHO, classifies 

an adult with a BMI range of 18.5-24.9 as healthy, therefore looking at the mean BMI for 

the participants (Table 3) and considering the mean age, their status could be determined 

[57]. The waist circumference of participants were also taken and the results were within 

the healthy adults’ category of calculated waist circumference [58]. The average fasting 

blood glucose (FBG) level for both reference and test foods (Figures 8 & 9), as well as 

postprandial blood sugar levels were also found to be in the normal range. Looking at the 

participants’ measurements for Body Mass. Index and waist circumference, they were 

taken to be healthy individuals and their blood glucose levels also confirmed that they are 

not diabetics. Using healthy people was important because it made it easier for 

participants to show intermediate intra-individual variation in the glycaemic response to 

foods [59]. A study looked at “Prediction of the relative blood glucose response of mixed 

meals using the glycaemic index of white bread” reports that to obtain precise result using 

“Glycaemic index methodology” [60] It is appropriate to use healthy individuals as seen 

in this study [60]. 

3.1. Participants’ Glycaemic Response to Ingested Carbohydrate 

Participants’ glycaemic response to reference and test foods are shown in Figure 8 

and 9. The fasting blood glucose level of participants before ingestion of reference and test 

foods were plotted on a blood glucose-time graph. Furthermore, fluctuations in 

participants’ response to carbohydrate is seen. 

    %     /    100GI IAUC test food IAUC reference food 

(GI grams of carbohydrate in a serving)
GL = 

100


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Figure 8. Participants’ glycaemic responses to ingested carbohydrate (OGTT) Source: Field data, 

Adu-Gyamfi (2017). 

The Oral Glucose Tolerance Test (OGTT), was carried out in duplicate as seen in 

Figure 8. The average FBG (4.4 mmol/dl) was the same in both tests. The graph shows 

that, upon administration of the glucose solution, the average peak of the glycaemic 

response among all participants was observed at the 30th minutes after consumption, and 

dropped at the 120th minutes. Glucose stood out to be the preferred material for a reference 

food than white bread, because of the likely variations that may occur had in the 

preparation of white bread on “Low–Glycaemic Index Diets in the Management of 

Diabetes” [61]. In a study on “Glycaemic index methodology”, participants complain 

about the nauseating feeling they had after drinking glucose solution [60]. In this study 

too participants complained of the same nauseating feeling after they had consumed the 

glucose solution. 

 

Figure 9. Participants’ glycaemic responses to ingested carbohydrate (test foods); Source: Field 

Data, Adu-Gyamfi (2017). 

Unlike the reference food, the average Fasting Blood Glucose (FBG) before the 

consumption of the test foods was different, however, the difference was not significant 

since it was in the normal range. Figure 9 illustrates that, the average peak of response for 
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all test food was observed at the 30th minute after eating and this reduced to normal blood 

glucose levels at the 120th minutes after eating. The glycaemic response by participants 

after eating the plantain fufu was high (6.2mmol/L). This was followed by cocoyam fufu 

(5.8mmol/L) and yam fufu was reported to have a low glycaemic response (5.6mmol/L) 

by participants as seen in Figure 9. 

In figures 8 and 9, it can be observed that, there were differences in the glycaemic 

response of the reference food and the test foods. Postprandial glucose level of the 

reference food was high at each time interval as compared to the test foods when they 

were ingested [61]. A similar research states in their study: “Glycaemic index 

methodology” that, glycaemic response among participant varied and even with the same 

participant, there are variations in each test food [60]. The variations in the post- prandial 

blood glucose levels at different time interval could be attributed to this. 

3.2. Proximate Analysis of Fufu Combinations 

Proximate analysis of the fufu is the determination of the major nutrients in the ‘fufu’. 

The moisture, ash, protein, fat, fibre and soluble carbohydrate contents were determined. 

Results are presented in Table 1. 

Table 1. Nutrient content of the different combinations of fufu 

Sample 
Moisture 

(%) 
Ash (%) Protein (%) Fat (%) Fibre (%) 

Soluble 

Carbohydrate (%) 

Plantain fufu 71.77 0.76 2.99 0.06 2.29 34.87 

Cocoyam fufu 68.28 0.89 3.62 0.07 2.70 36.10 

Yam fufu 72. 15 0.82 4.30 0.06 2.80 43.00 

Source: Proximate analysis data, Adu-Gyamfi (2017). 

From Table 1, proximate analysis of the different combinations showed the 

carbohydrate content as well as other nutrients in the different combinations of ‘fufu’. 

3.3. Glycaemic Load of the Different Fufu Combinations 

In order to determine the glycaemic load of the fufu combinations, the Incremental 

Area under the Curve as well as the glycaemic indices of the foods were determined. 

3.4. Incremental area under the curve (IAUC) 

The incremental area under the curve (IAUC), is the area under the curves from the 

reference and test foods (Figures 8 and 9). The trapezoid rule was used in calculation. 

Results are presented in Table 2. 

Table 2. Incremental Area under the Curve of Reference Food and Test food 

 Glucose Plantain Fufu Yam Fufu Cocoyam fufu 

Mean 187.62a 101.35b 52.29b 72.7954b 

Standard Error 21.31 21.48 17.26 12.63 

Standard Deviation 67.38 67.91 54.58 39.93 

Range 218.08 232.7 143.25 130.286 

Minimum 107.22 0 2.25 1.714 

Maximum 325.3 232.7 145.5 132 

Confidence Level (95.0%) 48.20 48.58 39.04 28.57 

Source: Field Data, Adu-Gyamfi (2017). 

In Table 2, the IAUC of reference food which is glucose was seen to be significantly 

different from the test foods at (p<0.05). However, there was no significant difference 
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between the IAUC of the test foods (p>0.05). The values with the same superscript 

alphabets in the same row are not significantly different at (p>0.05). 

3.5. Glycaemic index of test foods 

Analysis of Variance (ANOVA) was used in comparing the glycaemic index of test 

foods. Results are presented in Table 3. The values with the same superscript alphabets in 

the same row are not significantly different at (p>0.05). 

Table 3. Glycaemic Index of Test Foods 

Statistic Plantain Fufu Yam fufu Cocoyam fufu 

Mean 53.2a 30.2a 39.4a 

Standard Error 10.4 10.0 7.2 

Standard Deviation 32.9 31.6 22.7 

Range 101.2 90.5 81.4 

Minimum 2.1 0.9 1.5 

Maximum 101.2 91.4 82.9 

Confidence Level (95.0%) 23.6 22.6 16.3 

Source: Field data, Adu-Gyamfi (2017) 

 

The Glycaemic Indices of the test foods were classified as low, medium or high based 

on the following GI value ranges [61]. 

Glycaemic index range  Class 

 

Less than 55%    Low 

 

Between 56 – 69    Medium 

 

More than or equal to 70%  High 

 

Table 3 shows that, The GI of all test foods measured were low; plantain fufu was 

53%, yam fufu was 30% and cocoyam fufu was 39%. Moreover, there was no significant 

difference (p>0.05) among them. The postprandial glycaemic response of each 

combination of fufu when ingested was influenced by a number of factors, including 

digestion, the nature and proportion of starch in the food, dietary fibre content on the 

food, fat and protein content, the effect of digestion on the test food, processing and effect 

of previous meal [3]. These factors probably affected the digestibility of the fufu and the 

absorption of glucose, hence the differences in the GI. 

3.6. The effect of dietary fibre in the food 

Results from proximate analysis (Table 4) showed that yam fufu had the highest 

amount of fibre content of 2.8%. This level of fibre could have affected the lower 

postprandial glucose response of participants to yam fufu. A similar study on the 

“Evidence- based nutritional approaches to the treatment and prevention of Diabetes 

mellitus”, revealed that, a diet rich in fibre slows down digestion which in turn slows down 

the absorption of glucose into the blood stream [63]. A publication by Harvard Health 

Publications reports that, yam provides the body with 110 calories and dietary fibre 

provides 21% of the 110 calories, adding to the argument that yam is rich in dietary fibre 

[64]. Even though the average peak of glycaemic response to all test foods was observed 

at the 30th minute after ingestion, the glycaemic response to yam ‘fufu’ was around 4.6 – 

5.9mmol/dL (Figure 9), which was lower compared to the other test foods. Plantain ‘fufu’ 
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contained the least fibre of 2.3% and cocoyam had 2.7% as shown in Table 4. Similar 

comparison could be made to explain the high GI value of plantain fufu among the three 

test foods. 

3.7. The effect of the nature and proportions of starch in the food 

Research on postprandial plasma glucose and insulin responses to different complex 

carbohydrate diseases” indicated that, the nature and proportion of starch present in a 

food influence the rate of digestion and finally the glycaemic response to the food [61]. 

This could be attributed to plantain ‘fufu’ having the highest GI amongst the three. 

Cassava, has an amylose –amylopectin ratio of 30- 70%, however, since plantain has an 

amylose to amylopectin ratio of 17-83, it probably affected the digestion of the plantain 

‘fufu’ [24, 65]. 

Plantain ‘fufu’ having a highest GI among the three as illustrated in Table 6, could be 

attributed to the fact that, it was easily digested by participants and glucose was absorbed 

faster. In the case of yam ‘fufu’, a similar conclusion can be made to explain the reason for 

its low GI. Yam has an amylose –amylopectin ratio of 38-62% [66]. When combined with 

cassava, digestion of yam ‘fufu’ was seen to be very slow hence a lower glycaemic 

response. This could have also contributed to its low GI value. 

3.8. Effect of fat and protein in the food 

The fufu was served with light soup made with salmon fish. Salmon fish having a 

reasonable amount of fat and protein probably contributed to the three test foods having 

a low GI. A study similar study on “Low glycaemic index diet and disposition index in 

type 2 diabetes (the Canadian trial of carbohydrate in diabetes): a randomized controlled 

trial”, reports that fat slows the rate at which dietary carbohydrate are digested in the 

intestines [67]. Furthermore, in a study on “The concept of low glycaemic index and 

glycaemic load foods as panacea for type 2 Diabetes mellitus; prospects, challenges and 

solution”, states that foods that contain protein increase insulin secretion and could 

contribute to the reason why the starch in such foods are not easily hydrolysed, giving 

them low GI [68]. 

3.9. Effect of digestion on food 

Studies have indicated that, in carbohydrate digestion chewing is an important factor 

as this affects the rate of digestion and absorption [62, 63]. In these studies, researchers 

further explained that chewing breaks large chunks of food into smaller particles in the 

mouth. This increases the surface area of the food for salivary amylase found in the saliva, 

to breakdown the complex carbohydrate in the food before it enters the stomach and small 

intestines. Test foods recording lower GI could probably be attributed to the fact that there 

is no chewing of fufu in the mouth during ingestion. It is swallowed and directly enters 

the stomach through the oesophagus. As a result of this salivary amylase could not break 

complex carbohydrate in the fufu before it entered the stomach. Digestion was probably 

slow in the small intestines hence lower glycaemic responses of test foods. 

3.10. Effect of processing on food 

Cooking of the test foods could have contributed to the GI of the test foods being low. 

This result was supported in a study on “International table of glycaemic index and 

glycaemic load values: 2002”, that different processing methods of foods affect their 

glycaemic indices. Cooking of the plantain, cocoyam, yam and cassava to make ‘fufu’ 

resulted in the difference in the degree of starch gelatinization by softening the starch 

which probably speeded up the rate of digestion and in the long run absorption of 

glucose. Hence different processing methods could have resulted in a different GI of the 

test meals [62]. 
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Mixing the individual food items to form a meal (fufu), also probably influenced the 

GI of the food. The individual food items of the different combinations of fufu, that is; 

cassava, plantain, yam and cocoyam, may have a lower glycaemic index values than in a 

mixed constituent. This finding is consistent with the findings on Insulinemic and 

glycaemic indexes of six starch- rich foods taken alone and in a mixed meal by type 2 

diabetics” [61]. In this study they report that, mixing the meal significantly affects the 

glycaemic index of the food. 

3.11. Effect of previous meal on breakfast meal 

Studies have confirmed that the previous meal a person takes prior to taking 

breakfast can affect the glycaemic response of the breakfast meal [69]. However, in this 

study, variations in the GI of the reference and test foods could not be attributed to the 

effect of the previous meal, even though the possibility exists. This is because, the previous 

evening’s meal taken by participants was not controlled and there was not much 

difference in the FBG levels of participants before ingestion of tests and reference foods. 

3.12. Glycaemic load of test foods 

The glycaemic load was calculated from the results obtained from the glycaemic 

index of the fufu combinations. The calculation for the glycaemic loads of the ‘fufu’ is 

shown in the Appendix C. Results are presented in Table 4. 

Table 4. Glycaemic Load of test foods 

Test Food Glycaemic Load GL Class 

Plantain Fufu 40.28% High 

Yam 22.08% High 

Cocoyam Fufu 29.64% High 

Source: Field data, Adu-Gyamfi (2017) 

The Glycaemic Loads of the test foods were classified as low, medium or high based 

on the following ranges [11]. 
Glycaemic load range    Class 

 

Less than 10%     Low 

 

Between 11 – 19%    Medium 

 

More than or equal to 20%   High 

 

Even though the GI of the test foods were low, they all had high glycaemic loads. 

This could be as a result of the portion sizes of ‘fufu’ that were eaten as servings. The 

portion size of fufu as recommended is 211 grams which contains 76g of carbohydrate 

[37]. 

This indicates that the amount of carbohydrate in a serving of ‘fufu’ is greater than 

50g. This probably explains why the test foods had high glycaemic loads. Theoretically, it 

can be said that there is no significant difference in the glycaemic load of the test foods 

considering the class under which the all fall. Based on this, the null hypothesis (H0) was 

accepted. The H0, states that “there is no significant differences in the glycaemic loads of 

the different combinations of fufu”. However, the difference in the actual values as 

illustrated in Table 4, makes one higher than the other. 

4. Conclusions and Recommendations 
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Proximate analysis findings in this study concluded that, plantain fufu contained the 

least carbohydrate content among the three fufu mixtures, however after determination 

of their glycaemic indices, it was seen that plantain had the highest amongst them and 

yam which had the highest carbohydrate content per the proximate analysis had the 

lowest GI amongst the three. Factors such as the nature and proportion of starch in the 

food, dietary fibre content on the food, fat and protein content in the food, the processing 

method used, the previous meal taken prior to eating test foods, contributed to this. The 

study also revealed that all fufu combinations had a high glycaemic load and this is as a 

result of the large portion size of fufu that is eaten at a serving. The glycaemic load of fufu 

combinations showed no significant difference, however, looking at the actual values, 

there are differences in them which should not be overlooked. It is recommended that 

consumers of fufu can eat any of the three mixtures of fufu, but there will be the need to 

take a smaller portion size of the fufu since larger size can have adverse effect on their 

blood glucose level. It is also recommended that in other for fufu to be digested well and 

glucose to be absorbed easily, especially yam fufu, consumers should make sure to eat 

fufu at least about five hours before going to bed. It is recommended that nutritionists, 

dieticians and diet therapists can as well recommend yam fufu and cocoyam fufu for 

diabetics and prediabetics, to bring about varieties in their diet. However, they should be 

more concerned about the portion size. This is because the portion size to take is of more 

importance than the type to eat. It is also recommended that much attention should be 

placed on researching into the glycaemic loads of our local dishes than the glycaemic 

indices since the glycaemic load of a food gives a comprehensive information about much 

the carbohydrate in a food consumed as a serving affects the blood glucose. 
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