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Abstract 

Glycemic index of fufu analogue products from coconut residue were evaluated. Coconut residue 

was blended with different quantities of food binders (psyllium husk and gelatin) for the 

production of fufu analogue products. Dietary fibre, glycemic index/load, and sensory attributes 

of the fufu analogue products were determined using standard methods The total dietary fibre 

(TDF) ranged from 68.15 to 78.98%, Soluble dietary fibre (SDF) ranged from 0.54 to 0.94% and 

insoluble dietary fibre ranged from 67.61to 78.05 %. The estimated glycemic index obtained after 

in vitro enzymatic digestion of the fufu analogue products ranged from 39.93% to 43.18% with 

glycemic loads from 1.78 to 4.42 (100g of serving). The results revealed that the fufu analogue 

products made from coconut residue had low glycemic index and low glycemic loads. The 

sensory results of the fufu analogue products showed that the fufu analogue products made of 5-

10g of the psyllium husk rated highest (7.00) in terms of appearance, taste, hand-feel, and overall 

acceptability. From result it was observed that ten grams (10g) of the binders formed a fufu 

dough that was accepted by all the panelist. There were no significant different at (p<0.05) in the 

odour analysis of fufu analogue products. The results showed that all the samples had very good 

sensory ratings.  

Keywords: Fufu, coconut residue, dietary fibre, glycemic /load, and sensory analysis. 

1. INTRODUCTION 
Glycemic index (GI) is the incremental area under the blood 

glucose response curve of a 50g portion of carbohydrates 

expressed as a percentage of the response to the same amount 

of carbohydrates from a standard food consumed by the same 

subject (Blessing et al., 2021). Glycemic load uses the 

glycemic index to calculate how much an individual intake of 

carbohydrates affects them, accounting for the quantity of 

carbohydrates in a serving (Madu et al., 2018). Developing 

new functional foods is a major trend in the food industry due 

to consumer consideration and preference for healthier food 

options. Interest in functional foods is being fueled by a 

number of factors, including the aging population, rising 

healthcare costs, changes in food laws affecting label and 

product claims, and the rapid advancements in science and 

technology. The prevalence of chronic illnesses has been 

rising globally (Akibode and Maredia, 2011; Li et al., 2014), 

and studies have indicated that glycemic indices of foods play 

a significant role in both treatment and prevention of chronic 

diseases (Hoover et al., 2010, Guzel and Sayar, 2012). Foods 

containing carbohydrates have been categorized into four 

groups according to their glycemic indices: high (> 70), 

intermediate (56-69), low (20-55), and free (< 20) 

(Ratnaningsih et al., 2016). Experts from FAO (2010) 

recommended the use of glycemic index concept to categorize 

foods high in carbohydrates. This would help people to select 

the best foods to consume for maintaining their health and 

treatment of various diseases (Simsek and Nehir, 2015).  

Lower dietary glycemic index values are associated with a 

lower risk of developing hyperinsulinemia-related conditions, 

including diabetes mellitus and cardiovascular disease 

(Salmeron et al., 1997). Foods with a low glycemic index and 

high dietary fiber have been demonstrated to improve blood 

glucose and overall lipid concentrations and to decrease 

postprandial blood glucose and insulin responses in both 

normal subjects and diabetes mellitus patients (Brand et al., 

1991). Foods with a high glycemic index cause higher insulin 

levels and excretion of c-peptide when compared to foods 

with a low glycemic index (Wolever et al., 1991). Over time, 

efforts to reduce the glycemic index value of foods have 

focused more on increasing the fiber content of foods (Foster-

Powell et al., 2002; Du et al., 2014). 
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Dietary fibre is made up of remnants of plant cells resistant to 

hydrolysis by the alimentary enzymes of man. Its components 

are hemicellulose, cellulose, lignin, oligosaccharides, pectins, 

gums, and waxes (Manikandan et al., 2015). Dietary fiber 

fibrous structure slows down the release of glucose in the 

blood, assisting in the appropriate control and management of 

diabetes mellitus and obesity (Dhingra et al., 2012), 

Coconut (Cocos nucifera Lin.) in the world, is the most 

widely grown and utilized nut. Long-term research and 

development on coconuts-based food products have resulted 

in a diversification of products and byproducts. Coconut has 

high dietary fibre, protein, antioxidant, and vitamin. Trinidad 

et al. (2006) stated that the residue (residue) of coconut could 

be made into flour and used for formulation and development 

of new food products.   

Fufu, a fermented wet paste made from cassava (Manihot 

esculenta Crantz) is a staple food in many tropical regions and 

West Africa (Etudaiye et al., 2012; Deniran et al., 2022). 

Traditionally, cassava is used to make fufu, but it can also be 

made with plantains and cassava, plantains and cocoyam, or 

just yam (Egyir and Yeboah, 2010). During the preparation of 

fufu analogue product, coconut residue, and low carbohydrate 

food binders can be used. This study focuses on developing 

low glycemic index fufu analogue products using coconut 

residue and low carbohydrate food binders, evaluating their 

glycemic indices, glycemic loads, dietary fibre, and sensory 

analysis.  

2. Materials and methods 
2.1 Collection of samples 

Fresh and matured coconuts and food binders (psyllium husk 

and gelatin) were purchased at Umungasi Market Aba, Abia 

State, Nigeria. 

2.2. Production of coconut residue  

The method described and used by Sanful (2009) was adopted 

with slight modifications. Freshly dehusked coconuts (Cocus 

nucifera) 10kg was weighed, cleaned, and cracked to expel 

the containing coconut water. The coconut flesh (meat) was 

removed from the shell with the aid of a stainless steel pointed 

knife. The brown outer colour of the skin was scraped off 

manually with a knife. The clean coconut flesh was sliced into 

smaller (5mm) pieces and milled with an attrition mill (Model 

CH178RA). The slurry was homogenized with hot water 

(100oC.) and poured into a muslin cloth, squeezed to separate 

its creamy (oily) juice, and the residue was further rinsed with 

hot water (<700C) until the filtrate becomes colorless. The 

defatted coconut residue was dried (600C for 3h) in the hot air 

oven (Uniscope Laboratory Model SM9023), milled using an 

electric blender (Philip, HR1702), sieved  (0.5mm mesh 

sieve), packaged in a polythene bag, sealed and store at 

ambient temperature (27± 20C) for further use.  

2.3. Preparation of fufu analogue products 

Coconut residue (100g each) were mixed separately with 

different concentrations (2g, 5g, and 10g) of each of the 

binders (psyllium husk and gelatin) and 10 ml of water. The 

paste was stirred in a cooking pot to form dough at 1000C for 

5 minutes. It was allowed to cool and packaged in transparent 

polyethylene bag. 

 
Figure 1: Production of Fufu analogue products 

2.4. Formulation of residue blends  

A 100g portion of coconut residues was blended separately 

with different concentrations of psyllium husk and gelatin as 

shown in Table 1. For each of the sieved samples, a digital 

weighing balance (Model, CH178RA) and a blender (Philip, 

HR1702) was used for weighing and mixing the residue 

blends respectively. 

Table 1: Factor combinations for the production of fufu analogue products from coconut residue 

Run Coconut 

residue (g) 

Sample code Binder Quantity (g) 

1 100 PH1 Psyllium husk 2 

2 100 PH2 Psyllium husk 5 

3 100 PH3 Psyllium husk 10 

4 100 G1 Gelatin 2 

5 100 G2 Gelatin 5 

6 100 G3 Gelatin 10 



Global Scientific and Academic Research Journal of Multidisciplinary Studies ISSN: 2583-4088 (Online) 

*Corresponding Author: Ndulaka, Justina, C                           © Copyright 2024 GSAR Publishers All Rights Reserved  Page 26 

PH1= Psyllium husk (2g), PH2= Psyllium husk (5g), PH3= 

Psyllium husk (10g), G1= Gelatin (2g), 

G2 = Gelatin (5g), G3= Gelatin (10g). 

2.5. Dietary fibre analysis 

The soluble, insoluble, and total dietary fibre in the fufu 

analogue products was determined using the Enzymatic-

Gravimetric method MES-TRIS Buffer (AOAC, 2010).  

2.6 Determination of the estimated glycemic index 

(eGI) 

 Determination of the eGI of fufu analogue products was 

conducted using the method of Nani et al. (2017). Samples 

(50 mg) and 10 mL of HCl-KCL buffer (pH 1.5) was added to 

conical tubes and 0.2 ml of pepsin solution in 10 mL of HCl-

KCl buffer, pH 1.5) was added to each sample and incubated 

at 40°C for 1 h in a water bath. The volume was brought to 25 

ml with tris-maleate buffer, pH 6.9. Then, 5ml of pancreatic 

α-amylase solution in tris-maleate buffer containing 2.6 UI 

was added to each sample and incubated at 37°C in a water 

bath. Aliquots (0.1 mL) was collected from each sample after 

every 30 min from 0-180 min and placed in a tube at 100°C 

and was refrigerated until the end of the incubation time. 

Sodium acetate buffer (1 mL, 0.4 M, pH 4.75) was added to 

each aliquot and 30 μL of amyloglucosidase was added to 

hydrolyze the digested starch into glucose after incubating at 

60°C for 45 min in a water bath. The hydrolyzed glucose 

content was measured using the glucose oxidase-peroxidase 

reagent. The rate of starch digestion was expressed as the 

percentage of TS hydrolyzed at different times (0, 30, 60, 90, 

120, and 180 min). The total starch hydrolysis (%) of fufu 

analogue products at different times were calculated as 

follows: 

Released glucose weight x 0.9 

Total starch hydrolysis % =  x 100……… (1) 

Total starch weight 

The kinetics of in vitro starch digestion was calculated using 

the non-linear model established by Goni et al.(1997). The 

first-order equation is: C = C4(1-e-kt)… ………………..(2) 

where, C is the percentage of starch hydrolyzed at time t 

(min), C∞ is the equilibrium percentage of starch hydrolyzed 

after 180 min and k is the kinetic constant. The parameters C∞ 

and k was estimated for each treatment based on data obtained 

from the in vitro starch digestion. The area under the 

hydrolysis curve (AUC) was calculated using the following 

equation: 

 

where, C∞ is the equilibrium percentage of starch hydrolyzed 

after 180 min, tf is the final time (180 min), t0 is the initial 

time (0 min) and k is the kinetic constant. 

The hydrolysis index (HI) represents the rate of starch 

digestion and the estimated GI indicates the digestibility of 

the sample in relation to the digestibility of starch.   

2.6.1 Calculation of glycemic load (GL)  

In calculating glycemic load of the fufu analogue products, its 

glycemic index was multiplied by the number of carbohydrate 

grams in a serving and then divide by 100 (Blessing et al., 

2021). 

2.7 Sensory evaluation  

Sensory evaluation of the formulated fufu analogue products 

was conducted using a fifteen (15) semi-trained panel 

members (Staff and students of the Department of the Food 

Science and Technology, Abia State Polytechnic, Aba in 

Nigeria) who are regular fufu consumers. The panelists were 

asked to score for appearance, odour, taste, mouldability, 

hand-feel, and overall acceptability using  nine point hedonic 

scale as described by Olapade and Adeyemo (2014) where 

like extremely = 9, like very much = 8, like moderately = 7, 

like slight = 6, neither like nor dislike = 5, dislike slightly = 4, 

dislike moderately = 3, dislike very much = 2 and dislike 

extremely = 1. 

2.8 Statistical analysis  

The result (data) obtained was analysed using one way 

analysis of variance (ANOVA) to test for significant 

difference at 5% level of significance (p <0.05). Statistical 

Package for Social Science (SPSS, version 20) was used for 

the statistical analysis. 

3. RESULTS AND DISCUSSION 

 

Table 2: Dietary fibre of fufu analogue products. 

Binder Quantity (g)  (IDF (%) SDF (%) TDF (%)  

Gelatin 2 67.61d ±0.03 0.54f±0.01 68.15e±0.02 

Gelatin 5 70.69cd± 0.01 0.58d±0.02 71.27d±0.03 

Gelatin 10 72.76b±0.07 0.68c±0.00 73.46b±0.05 

Psyllium husk 2 70.73cd± 0.01 0.57d±0.02 71.29d±0.03 

Psyllium husk 5 70.92c ± 0.05 0.72b±0.01 71.59c±0.01 

AUC = C∞(tf- to)-( C∞/K)[1-exp( -k(t
f
- t

o
)] ……………(3) 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=in+vitro
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=in+vitro
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Psyllium husk 10 78.05a± 0.01 0.94a±0.02 78.98a±0.03 

Values are mean ± SD of duplicate determinations. Mean values with different superscripts in a column are significantly (p<0.05) 

different.  

Key: IDF= Insoluble dietary fibre, SDF= Soluble dietary fibre, TDF = Total dietary fibre. 

Table 3: Estimated glycemic index (EGI) and glycemic load (EGL) of the fufu analogue products 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Values are mean ± SD of duplicate determinations. Mean values with different superscripts in a column are significantly (p<0.05) 

different. 

3.1. Total dietary fibre (TDF). 

The total dietary fibre (TDF) of the fufu analogue products 

ranged from 68.15 to 78.98% (Table 2), the highest (p<0.05) 

total dietary fibre mean value was seen in the fufu analogue 

product made with 10g psyllium husk (78.98%) and the 

lowest was seen in product made with 2g gelatin (68.15 %) at 

(p<0.05).  It was observed that dietary fibre of the fufu 

analogue products increased with increase in the quantities of 

the binders. According to (Edima-Nyah et al.,2019), a food 

can be referred to as high in fibre provided that the food 

contains at least 6g/100g or 3g/100Kcal of dietary fibre. Fibre 

is important for the removal of waste from the body thereby 

preventing constipation and many health disorders. It also 

enhances glucose tolerance and increases insulin sensitivity 

(Sobota et al., 2010). Numerous studies found that dietary 

fibre can increase satiety and decrease appetite, hence 

indirectly reducing energy intake.  

3.2 Soluble dietary fibre (SDF)  

The Soluble dietary fibre (SDF) of the fufu analogue product 

ranged from 0.54 to 0.94% (Table 2). The highest (p<0.05) 

soluble dietary fibre mean value was seen in fufu analogue 

products made with 10g psyllium husk and the lowest 

(p<0.05) soluble dietary fibre mean value was seen in product 

made with 2g gelatin. Soluble dietary fibre include pectin, 

oligosaccharides, guar gum, most of which are dietary and 

healthy additives (Dhingra et al., 2012). 

3.3 Insoluble dietary fibre (IDF)   

The insoluble dietary fibre of the fufu analogue products 

ranged from 67.61 to 78.05 % (Table 2), with the highest 

(p<0.05) seen in the fufu analogue products made with 10g 

psyllium husk (78.05%) while the lowest was seen in fufu 

analogue product with 2g gelatin. The insoluble dietary fibre 

of samples were significantly different at p<0.05. This result 

(67.61% - 78.05%) is line with the result reported by Piotr et 

al., (2019) on effect of whole meal oat flour storage on 

content of dietary fibre and rheological properties. Insoluble 

dietary fibre mainly consist of hemicellulose, cellulose, and 

lignin and cannot be degraded by enzymes in the human body 

or dissolved in water. 

 3.4 Estimated glycemic index (EGI) of fufu analogue 

products 

The estimated glycemic index obtained after the in vitro 

enzymatic digestion of each fufu analogue products are shown 

in Table 3 and it ranged from 39.93% to 43.18%.  The highest 

mean value was (p <0.05) seen in fufu -like product made 

with 2g gelatin (40.18%), while the lowest mean value 

(39.93%) was seen in fufu analogue product made with 10g 

psyllium husk. There were significant difference (p <0.05) in 

the estimated glycemic index mean values of the fufu 

analogue products. Despite the variations seen in the products, 

the estimated glycemic indices of the fufu analogue products 

fell within low glycemic index food classification. The low 

estimated glycemic index values observed in the fufu analogue 

products could be attributed to its high content of dietary 

fibre. Previous research illustrated the potential of lowering 

glycemic response to foods by incorporating different fibre 

fractions, especially soluble fibre (Blessing et al., 2021). Low 

glycemic index foods are important in the management of 

hyperglycemia and hyperinsulinemia because they have a 

high satiety effect and therefore can reduce the likelihood of 

excessive consumption of calories. Research has shown that 

food with low glycemic index is known to have a positive 

health benefit when compared to foods with higher glycemic 

index (Miao et al., 2015).  

3.5 Glycemic load (GL) of fufu analogue products 

The glycemic load was calculated from the results obtained 

from the glycemic index of the fufu analogue products. The 

glycemic load of the fufu analogue products ranged from 1.78 

to 4.42 (Table 3). Fufu analogue product made with   2g 

gelatin recorded the highest glycemic load mean value (4.42) 

while the lowest glycemic load mean value (1.78) was seen in 

Binder Quantity (g)               EGI (%)  EGL 

(100g/serving) 

Gelatin 2 40.11b±0.01 4.42a±0.02 

Gelatin 5 40.18a±0.01 3.86b±0.02 

Gelatin 10 40.08c±0.01 2.50d±0.02 

Psyllium husk 2 40.12b±0.01 3.68bc±0.02 

Psyllium husk 5 40.15ab ±0.01 2.78c±0.02 

Psyllium husk 10 39.93d±0.01 1.78e±0.02 
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product made of 10g psyllium husk.  There were significant 

differences at (p<0.05) in the glycemic loads of the samples.  

The glycemic load of food, is a number that estimates how 

much a food will raise the blood glucose level in individual. 

One unit of glycemic load approximates the effect of 

consuming one gram of glucose (Jia-Yu Zhang, 2019). 

According to Christabel. (2022) Both the quality and quantity 

of carbohydrate in a food determine an individual’s glucose 

response to the food. The glycemic loads of the foods are 

classified as low (less than 10 of 100g/serving), medium 

(between 11 – 19 of 100g/serving) or high (more than or equal 

to 20 of 100g/serving) (Blessing et al., 2021). 

Food servings have a major effect on the glycemic index of 

the food, thereby increasing the glycemic load of the food 

(Christabel, 2022). Foods that have high glycemic load are 

linked to an increased risk of certain chronic diseases whiles 

low glycemic load foods are seen to reduce the risk of 

acquiring these diseases. In a collection of studies, high 

glycemic index and high glycemic load of the total food have 

been associated with a greater risk of type 2 diabetes in both 

men and women (Kettleborough et al., 2013). 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 cause of this disease (American 

Diabetes Association, 2015). 

Food that produces higher blood glucose concentration and 

greater demand for insulin would increase the risk of type 2 

diabetes (Sanusi and Olurin, 2012). 

Table 4: 

 

Sensory evaluation of glycemic index fufu analogue 

products. 

Values are mean ± SD of duplicate determinations. Mean 

values with different superscripts in a column are significantly 

(p<0.05) different 

 3.6 Sensory evaluation of fufu analogue products. 

The results of the sensory evaluation of the low glycemic 

index fufu analogue products are presented in Table 4 above. 

Appearance is an important sensory attribute of any food, 

because of its influence on acceptability among consumers 

(Agugo et al., 2020). The old adage that the eye accepts the 

food before the mouth is very true. The sensory results of the 

fufu analogue products are presented in Plates 1- 6 above. The 

fufu analogue products made with 5-10g of all the binders 

rated highest (p<0.05)  (7.00) in terms of appearance,  taste, 

hand feel, while fufu analogue products made with 10g of the 

binders rated highest (p<0.05)  in terms of mouldability. 

There were no significantly different at (p<0.05) in odour 

profile of fufu analogue products. 

Overall acceptability mean values of the fufu analogue 

products ranged from 5.0 to 7.00 (Table 4). The highest score 

(p<0.05) was seen in products made with 10 g of the binders. 

Fufu analogue Products made with 2g of the binders rated the 

lowest (5.00). Acceptance of food varies with standards of 

living and cultural background, whereas preference refers to 

selection when presented with choice (Deniran et al., 2022). It 

was interesting to notice that the use of residues to produce 

the fufu analogue products did not make negative impact 

concerning the overall acceptability of the new product by 

consumer-oriented panelists. The results show that all the 

samples had good sensory ratings for appearance, odour, taste, 

hand-feel, mouldability, and overall acceptability.  

 

Residue 

sample 

(100g) 

Binder Quanti

ty (g) 

Appeara

nce 

Odour Taste Mouldabilit

y 

Hand feel General 

acceptability 

Coconut Gelatin 2 5.00b±0.0

2 

6.00a±0.02 5.00b±0.0

1 

5.00c±0.01 5.00c±0.0

1 

5.00c± 0.01 

Coconut Gelatin 5 6.50ab±0.0

1 

6.00a±0.02 7.00a±0.0

1 

6.00b±0.01 6.00b±0.0

1 

6.00b±0.01 

Coconut Gelatin 10 6.50ab±0.0

1 

6.00a±0.02 7.00a±0.0

1 

7.00ab±0.02 7.00a±0.0

1 

6.50ab±0.01 

Coconut Psyllium husk 2 6.00b±0.0

2 

6.00a±0.02 7.00a±0.0

1 

6.00b±0.04 5.00c±0.0

1 

5.00c±0.02 

Coconut Psyllium husk 5 7.00a±0.0

1 

6.00a±0.02 7.00a±0.0

1 

7.00ab±0.01 6.50ab±0.0

1 

6.50ab±0.01 

Coconut Psyllium husk 10 7.50a±0.0

1 

6.00a±0.02 7.00a±0.0

1 

7.50a±0.01 7.00a±0.0

1 

7.00a±0.01 
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3.7.  CONCLUSION 
The study attempted to investigate the possibility of using 

coconut residue for the production of fufu analogue products. 

Findings of the research work revealed that the fufu analogue 

products have low glycemic indices, low glycemic loads, high 

dietary fibre, and all the samples had good sensory ratings. It 

is recommended that food scientists, nutritionists and 

dieticians can as well recommend fufu analogue products 

made from coconut residue as a functional food. It is also 

recommended that greater attention should be placed on 

researching into the glycemic indices and glycemic loads of 

our local foods as to provide a comprehensive information 

about the carbohydrate contents and how much in a food 

consumed in a serving will affect the blood glucose levels. 
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