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INTRODUCTION 

Diabetes mellitus (DM) is a long-term metabolic illness 

defined by high blood sugar levels arising from a deficit or 

ineffectiveness of insulin, which leads to changes in the 

metabolism of lipids, proteins, and carbohydrates, as well 

as organ system failure.1 The incidence of DM is growing 

in individuals that were previously untouched or minimally 

affected, creating a substantial challenge to government 

and charity healthcare financing. The International 

Diabetes Federation (IDF) states that there are 425 million 

persons worldwide who have diabetes (DM), with more 

than half of them staying undiagnosed.2 This statistic 

provides the most up-to-date information on prevalence. In 

2014, the World Health Organization (WHO) recorded that 

there were 424.9 million persons with diabetes. It is 

estimated that by 2045, this number will climb to 628.6 

million.3 According to data, the prevalence of diabetes 

among adult Nigerians aged 20 to 69 is presently 1.7%.2  

ABSTRACT 

 

Background: The nutritional and phytochemical content of cassava has shown many health benefits. However, the use 

of cassava for the control of diabetes and dyslipidemia is poorly researched. Hence this study aims to determine the 

effect of cassava flour fortified with pumpkin leaves on post-prandial blood glucose level.  

Methods: The research adopted an experimental study design. The fortified cassava flour was produced at International 

Institute of Tropical Agriculture, Ibadan, Oyo State, Nigeria. The flour was fortified in the ratio; 90:10 (sample-A), 

70:30 (sample-B), and 50:50 (sample-C). The fasting and postprandial plasma of the subjects were taken using Rossmax 

and Accu Checker. The proximate and micronutrient composition of cassava were analyzed. The data analysis was 

carried out using the IBM SPSS Statistics, version 25.  

Results: The result of the post-prandial effect (min/max) of control, sample A, B, and C, was 57/310 mg/dl, 102/282 

mg/dl, 79/188 mg/dl, and 74/160 mg/dl respectively. Sample-B had the highest value in ash, protein, and crude fiber 

contents. Sample-C had the least protein. The control sample had the least fiber content. sample-A had the highest fat 

content. However, sample-B had the highest percentage of carbohydrate [96.89±0.03 (sample-B), 84.01±0.19 (sample-

C), 83.32±0.02 (Control), and 79.35±0.75 (sample-A)]. The micro-nutrient of the control is lower than other samples 

with the exception of phosphorus. Sample-A had the highest value of potassium, iron, and calcium. Sample-B had the 

highest value for magnesium and phosphorus.  

Conclusions: Sample-C had a lowering effect on the post-prandial blood level of the respondents.  

 

Keywords: Fortification of cassava, Diabetes management, Medical nutrition therapy, Food-food fortification, 

Hyperglycemia, Pumpkin leaves 

1Department of Human Nutrition and Dietetics, Lead City University, Ibadan, Nigeria  
2Dietetics Department, University College, Teaching Hospital, UCH Ibadan, Nigeria  
  

Received: 09 May 2024 

Revised: 16 June 2024 

Accepted: 07 June 2024 

 

*Correspondence: 

Dr. Olanike O. Balogun, 

E-mail: balogun.olanike@lcu.edu.ng 

 

Copyright: © the author(s), publisher and licensee Medip Academy. This is an open-access article distributed under 

the terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial 

use, distribution, and reproduction in any medium, provided the original work is properly cited. 

DOI: https://dx.doi.org/10.18203/2394-6040.ijcmph20241813 



Balogun OO et al. Int J Community Med Public Health. 2024 Jul;11(7):2606-2613 

                                 International Journal of Community Medicine and Public Health | July 2024 | Vol 11 | Issue 7    Page 2607 

Due to the IDF's dependence on extrapolated data from 

other countries, there is a common perception that their 

prevalence numbers grossly underestimate the real burden 

of diabetes mellitus in Nigeria. Recently, several experts 

have reported varied rates of incidence in Nigeria, ranging 

from 2% to 12%.4 

Managing diabetes mellitus may be done by strengthening 

patients' knowledge, attitudes, and actions linked to their 

diet. These elements are acknowledged as key components 

of all-encompassing diabetes care.5 Research on the 

nutritional and phytochemical composition of cassava has 

proven diverse therapeutic benefits in the field of health. 

However, all of the papers have one thing in common: 

none of them advocate employing cassava to treat 

dyslipidemia and diabetes.6 Despite the assumption that 

cassava may be a better choice for diabetics than wheat and 

white potatoes, there is no scientific evidence in the 

literature supporting the use of cassava to treat diabetes and 

dyslipidemia.6  

Furthermore, the therapeutic benefits of a high-fiber diet 

are obvious, yet patients with diabetes are being 

discouraged from taking cassava in favor of wheat. There 

has been a disturbance about cassava.6 Although cassava 

has a variety of compounds that are thought to be 

poisonous to humans, over 80% of them are eliminated 

during the tuber's processing.7 Because they consist of 

multiple biochemical components, several traditional 

foods, such as root and tuber crops, have been proved to be 

especially crucial in the worldwide treatment of diabetes.8 

The Food and Nutritional Investigation Institute did a 

short-term investigation to analyze the glycemic index and 

cholesterol-lowering potential of root and tuber crops. The 

results suggested that these crops had a low GI (GI<55) 

due to their slow release of glucose into the blood.6 The 

findings suggest that root and tuber crops may be useful to 

health in lessening the risk of chronic diseases including 

diabetes mellitus and cardiovascular disease. 

According to research, the thought of employing cassava 

to produce dietary fiber supplements may be appealing in 

addition to enhancing the nutritious value of a meal heavy 

in carbohydrates.6 Furthermore, the creation and utilization 

of fortified cassava flour may be viewed as an extra 

strategy to aid consumers accessibility and complete their 

everyday nutritional demands.9 A characteristic vegetable 

growing all around the globe is the pumpkin. It is a member 

of the Cucurbitaceae family, one of the greatest plant 

groups in the plant world, and the genus Cucubita.  

The nutritional content and health advantages of pumpkin 

flesh, seeds, and leaves have gained extensive study in 

recent decades. It has been demonstrated by past 

investigations that the leaves of the pumpkin (Telfaria 

occidentalis, family Cucurbitaceae) are similarly highly 

concentrated in lipids, proteins, oils, minerals, and 

vitamins.10 In identical rat settings, methanol preparations 

from pumpkin leaves demonstrated a substantial drop in 

blood glucose.11 Additionally, research has been done on 

the bioactive chemicals present in pumpkin seeds and 

leaves and how they affect distinct blood glucose-lowering 

pathways. Pumpkin leaves, on the other hand, are rich in 

flavonoids, phenols, alkaloids, tannins, glycosides, and 

steroids, among other bioactive components.11 

It makes it rational to add vitamins to cassava flour 

fortification. Nigeria is the world's biggest producer of 

cassava, which is an essential staple and cash crop that 

feeds about a billion people worldwide.12 Therefore, 

regardless of socioeconomic level, fortifying cassava flour, 

a basic meal that is regularly consumed, has the potential 

to drastically boost the nutritional quality of a broad 

portion of the population.13  

The findings of this research will contribute to the growing 

body of information about the beneficial benefits of diet in 

the control of diabetes and help those with elevated blood 

sugar levels to maintain their glucose levels without having 

to entirely give up their natural meals because of 

fortification. Additionally, the conclusions of this research 

will boost public health and help prevent micronutrient 

deficiencies while offering no damage to anyone's health. 

Thus, the purpose of this research was to fortify cassava 

flour with pumpkin leaves and assessed its impact on the 

level of blood glucose after a meal. 

METHODS 

The study design was an experimental study. The 

production of fortified cassava flour and study experiment 

were carried out from March, 2022 to July, 2022. The 

research was carried out among eighteen diabetes patients 

who volunteered and were part of the Diabetes Association 

of Nigeria (DAN) in the medical out-patient unit of 

University College Teaching Hospital, UCH Ibadan. 

Inclusion criteria 

Patients attending the medical out-patient unit of 

University College Teaching Hospital (UCH) Ibadan and 

were members of the Diabetes Association of Nigeria. 

Patients who are diagnosed of diabetes. Patients who 

volunteered to participate in the study. 

Exclusion criteria 

Non-diabetes patients. Patients who did not volunteer to 

participate in the study. Patients who are not attending the 

medical out-patient unit of UCH Ibadan. 

Ethical consideration 

A letter of introduction was submitted to the Diabetes 

Association of Nigeria, UCH. An ethical approval with 

reference number, LCU-REC/22/060 was obtained from 

the Lead City University, Ibadan. Informed written consent 

was obtained for and signed by the participants for the 

study. Confidentiality was ensured throughout the study. 



Balogun OO et al. Int J Community Med Public Health. 2024 Jul;11(7):2606-2613 

                                 International Journal of Community Medicine and Public Health | July 2024 | Vol 11 | Issue 7    Page 2608 

Materials procurement 

The cassava was obtained and processed at International 

Institute of Tropical Agriculture (IITA), Ibadan, Oyo State, 

Nigeria. The pumpkin leaf was obtained from one of the 

nearby local markets in Ibadan, Oyo State, Nigeria.  

Food preparation and processing 

All preparation and processing regarding the production 

and fortification of cassava flour were carried out in 

International Institute of Tropical Agriculture, Ibadan, Oyo 

State. 

Processing of cassava flour 

Cassava tubers were obtained, produced and processed at 

International Institute of Tropical Agriculture, Ibadan, Oyo 

State, Nigeria. The fresh roots were peeled manually with 

knife. The peeled roots were washed and chopped into 

small pieces. Thereafter, they were soaked into water for 5 

days to soften it. After 5 days, the cassava was packed in a 

sack and pressed, using hydraulic jack to drain the water. 

They are oven-dried 3 days at temperature 70°C. After 

drying, the cassava was milled into flour. 

Processing of pumpkin leaves 

The pumpkin leaves were plucked, rinsed and air-dried for 

1hour to avoid steaming of the leaves instead of drying. 

Thereafter, the leaves were oven dried for 4 hour 30 

minutes at 70°C. The brittle leaves were squeezed and 

grinded to a powdered form. 

Fortification of the cassava flour 

The cassava and pumpkin leaves were mixed and 

portioned in different ratios; 70:30, 90:10, and 50:50. 

There was also a portion of cassava flour containing no 

pumpkin vegetable which serve as the control. 

Preparation of cassava dough 

The four samples of cassava flour, including the control 

sample, were made into dough. The cassava flour was 

sieved before use. In a pot, boiled water was poured and 

the cassava flour was added immediately. The mixture was 

stirred till cassava flour became incorporated. It was 

continuously stirred till the dough became smooth and 

lump free.  

Preparation of fish 

The fish was grilled for about half an hour.  

Preparation of jute leaves 

The jute leaves (ewedu) were prepared with locust beans 

inside of it.  

Preparation of soup 

The soup was prepared using moderate quantity of palm 

oil and seasonings. 

Experimental procedure 

The subjects ingested the three ratios of fortified cassava 

flour and a reference meal which is the non-fortified flour 

(control). One meal-type was served to all participants in 

the first session, which is day 1 (reference meal). Ten 

subjects were selected randomly and served for the 

remaining three sessions as follows: day 2 (90:10), day 3 

(50:50), and day 4 (70:30). Each test meal was portioned 

once with each serving containing 300 g of the cassava 

dough with 500 ml jute leaves soup, medium-sized fish and 

250 ml soup. 

Data collection 

The respondents’ weight, height, waist circumference, and 

hip circumference were measured to determine their BMI 

and waist-to-hip ratio. The fasting and postprandial blood 

glucose levels of the subjects were taken using Rossmax 

and Accu Checker.  

Food proximate nutrient composition and calorie 

analysis 

The nutrient composition of cassava; protein, fat, crude 

fibre, ash and moisture content, was determined on a dry 

matter basis. Protein content was determined using kjeldal 

method and nitrogen content of the samples was multiplied 

by a factor 6.25. The dry matter and ash content of fresh 

cassava roots was of the Association of Official Analytical 

Chemists. Crude fat was determined by the method of 

using an Automated FOSS soxhlet System 8000 and 

Soxhlet extraction.  

A colorimetric method was used to determine the starch 

content. The mixture was vortexed and centrifuged at 2000 

rpm for 10 min. The residue was hydrolyzed with 

perchloric acid to determine starch content, and the 

supernatant was used to estimate sugar. The phenol-

sulphuric acid reagent was used for colour development. 

The absorbance of the colored compounds is read on a UV-

Vis spectrophotometer (Genesys 101S UV-Vis 

Spectrophotometer) at wavelength of 490 nm and 

quantified using glucose standard curve. 

Data analysis 

All analyses were carried out using the IBM SPSS 

Statistics, version 25. Data obtained were summarized 

using descriptive statistics; means and standard deviations, 

while the independent t-test and One-way analysis of 

Variance (ANOVA) were used to test for the mean 

differences of selected parameters between the samples 

and variable groups. Level of significance was set at 5%. 
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RESULTS 

The mean moisture content was higher in sample-C 

(p=0.006). The mean ash content was higher in sample-B, 

4.49±0.01% and lower in sample-C, 0.79±0.01%. The 

crude fibre content of sample-B was found to be higher 

(2.11±0.02%). The mean carbohydrate content of sample-

B was higher (96.89±0.03%) with sample-A having the 

least value (79.35±0.75%). The control sample had the 

highest amylose content (30.55±0.35%) while sample B 

had the least content (13.21±0.29%).  

Sample-B had the highest amylopectin content 

(86.79±0.29%) while sample-C amylopectin content was 

75.09±0.19%. The sugar content of sample-C is lower 

(5.08±0.15%) compared to other samples while its mean 

starch content was 85.90±0.29% (Table 1).  

Table 1: Proximate analysis of the samples (%) (mean±SD). 

 Control Sample A Sample B Sample C P value 

Moisture 10.77±0.00 10.61±0.09 10.36±0.09 10.84±0.20 0.006* 

Ash 1.35±0.03 2.99±0.00 4.49±0.01 0.79±0.01 0.000* 

Fat 1.21±0.05 2.25±0.16 1.61±0.14 0.95±0.13 0.002*  

Protein 2.12±0.03 3.39±0.01 4.55±0.01 2.01±0.04 0.000* 

Crude Fibre 1.23±0.01 1.42±0.01 2.11±0.02 1.41±0.02 0.000* 

Carbohydrate 83.32±0.02 79.35±0.75 96.89±0.03 84.01±0.19 0.000* 

Amylose 30.55±0.35 14.31±0.49 13.21±0.29 24.91±0.19 0.000* 

Amylopectin 69.45±0.35 85.69±0.49 86.79±0.29 75.09±0.19 0.000* 

Sugar 6.70±0.04 7.54±0.43 6.46±0.20 5.08±0.15 0.002* 

Starch 89.53±0.42 78.60±0.28 87.61±0.16 85.90±0.29 0.000* 

* - Statistically significant 

Table 2: Characteristics of subjects studied (n=18) (mean±SD). 

Parameter Male Female P value 

Age (years) 67.86±3.579 63.73±7.721 0.206 

Height (m) 1.64±0.069 1.63±0.069 0.700 

Weight (kg) 66.64±11.941 66.86±9.983 0.969 

Body Mass Index (kg/m2) 24.90±3.871 25.22±2.938 0.843 

Waist circumference (cm) 91.00±7.789 97.18±9.304 0.164 

Hip circumference (cm) 97.73±5.867 99.29±9.032 0.661 

Waist-Hip-Ratio 0.93±0.089 0.99±0.08 0.125 

Table 3: Effect of fortified flour on postprandial blood glucose. 

Sample 
FBG (mg/dl) 2 hours PP (mg/dl) 

Mean±SD Min/max Mean±SD Min/max 

Control 114.28±26.753 81/200 148.22±58.435 57/310 

Sample A 118.30±15.305 97/137 165.80±55.912 102/282 

Sample B 108.56±10.690 89/120 142.78±36.799 79/188 

Sample C 116.50±27.375 70/174 120.60±29.022 74/160 

 

Table 1 presented the carbohydrate, crude protein, ash, 

moisture content, crude fat, crude fiber, amylose, 

amylopectin, sugar, and starch content of the produced 

samples. 

The mean body mass index (BMI) of females 

(25.22±2.938 kg/m2) was higher than for males 

(24.90±3.871 kg/m2) (p=-0.843). Similarly, the mean waist 

circumference of females (97.18±9.304 cm) was higher 

than for males (91.00±7.789 cm) (p=0.164). The mean hip 

circumference of females (99.29±9.032 cm) was also 

higher than for males (97.73±5.867 cm) (p=0.661). The 

mean waist-hip-ratio of females (0.99±0.08) was higher 

than for males (0.93±0.089) (p=0.125) (Table 2). 

Table 2 described the characteristics of subjects studied 

which includes age, weight, height, Body Mass Index 

(BMI), waist circumference, hip circumference, and waist-

to-hip ratio of participants of the study. 

The fasting blood glucose and post prandial blood glucose 

of respondents were found to be high on the days when 

control, sample A, and sample B were consumed while 

sample C was seen to have a reducing effect on the 

respondents’ blood glucose after 2 hours of consuming the 

meal (Table 3). The calcium values of sample-A were high 

(2700.00 mg). Sample-B had the highest value of 

magnesium, 502.50 mg while sample-B, C, and control 

had 494.00 mg, and 484.50 mg, and 363.00 mg, 
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respectively. The iron content of sample was high (16.62 

mg), sample-C had 9.69 mg iron content while that of 

control was lower (5.58 mg). Sample-A also had a higher 

content of potassium (9450.00 mg). The phosphorus 

content was lower in sample-C (14.53) but higher in 

sample-B (188.91 mg) while sample-A and control has 

133.20 mg and 79.92 mg respectively (Figure 1 A, B, C, 

D, and E). 

 

Figure 1 (A-E): Micronutrient analysis of the samples. 

DISCUSSION 

This study assessed the nutritional content and influence of 

adding fluted pumpkin to cassava flour on the postprandial 

blood glucose levels of people over the age of forty. Upon 

doing a proximate analysis on the numerous samples of 

fortified cassava flour, the findings indicated that there 

were variances in every feature. The ranges for moisture 

content were 10.36-10.84%, ash, fat, protein, and crude 

fiber were 0.95-2.25%, 2.01-4.55%, 1.23-2.11%, 

carbohydrate, 83.32-96.89%, sugar, 5.08-7.54%, starch, 

13.21-33.55%, and amylopectin was 69.45-86.79%. The 

observed ranges were typically greater than the findings 

from a previous investigation.14 

The study's carbohydrate levels were larger than the 

previously reported figures, which ranged from 12.90 to 

45.80% and from 70.38% to 85.73%, respectively.14,15 

However, the findings of this investigation correspond 

with those of prior studies that revealed that the range was 
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87-89%, 96.95%, and 83.55%, respectively.16-18 Research 

has revealed the enormous health advantages of dietary 

fiber in decreasing the risk of chronic illnesses like 

diabetes mellitus and cardiovascular disease.6 Fiber may 

bind to bile acids and hinder the liver from reabsorbing 

them, which prevents the synthesis of cholesterol. Dietary 

fiber's bitter and fibrous structure helps control blood 

glucose levels over time, which assists in the successful 

treatment and management of obesity and diabetes 

mellitus.6 In this study, it was revealed that sample B had 

a greater fiber content than the control sample. Like a wick, 

fiber may absorb water rapidly; nevertheless, because the 

water is ill-bound in the fiber structure, it may readily exit 

during drying, reducing the moisture content. This could 

give an explanation for sample B's lower moisture content 

than other samples. 

The food industry has identified that one key element that 

may make gel is cassava starch. This occurs as a 

consequence of its capacity to bind and sustain the textural 

properties of food components.19,20 Every sample utilized 

in this experiment had a high starch content. This 

conclusion is consistent with past studies that indicated 

that when averaged, white cassava roots had the greatest 

starch content and yellow cassava roots the lowest.21,22  

Amylopectin is rapidly digested, whereas amylose is 

tougher to hydrolyze. According to the present analysis, 

sample B had a lower amylose level than the other samples, 

but greater amylopectin concentration. A previous 

experiment indicated that a greater amylopectin level was 

connected to increased nutritional digestibility and an 

increased postprandial glucose-insulin response.23 

Crude ash level normally fluctuates from 1% to 2% and is 

an excellent predictor of inorganic elements (minerals 

including K, Zn, and Ca) in cassava. Food's total mineral 

composition after it has been burned at a very high 

temperature is reflected by its ash content. The study's 

sample ash content is similar to that of a previous 

examination, which reported a range of 0.89-1.02%.14 

Sample B was determined to have the maximum ash 

content, whereas sample C had the lowest. This shows that 

sample B would have a larger mineral content.  

The samples' micronutrient analysis indicated that sample 

A had the greatest quantity of calcium while the control 

had the lowest. Sample B was found to contain bigger 

amounts of magnesium and phosphorus than the other 

samples, all of which had substantial quantities, with the 

control having the lowest value. As a required component 

of chlorophyll, magnesium plays a crucial role in the 

treatment of ischemic heart disease and the metabolism of 

calcium in bones. Sample A was found to have a 

substantially larger iron and potassium content than the 

other samples. A crucial element of hemoglobin is iron. 

According to SON guidelines, all samples in this 

experiment displayed protein levels exceeding the lowest 

criteria, which are 0.5% for starch and 1.0% for other 

cassava products. Sample B was determined to have the 

maximum protein value, whilst sample C had the lowest. 

The findings of an earlier investigation, which revealed 

that the sample enriched with more fluted pumpkin had the 

maximum protein level, and which may be explained by 

the high protein content in dry vegetable powders, contrast 

with this conclusion. Studies in the past have indicated that 

pumpkin leaves have a high protein content.24,25  

It should be observed that sample A had the biggest fat 

content and sample C had the lowest. This shows that 

sample A would have the most pleasant flavor out of the 

four samples, while sample C would have the least 

appetizing taste. Because fat promotes palatability, this is 

the case.24,25  

But sample A has a larger sugar content than sample C 

does. This conclusion contradicts a study that indicated 

that non-fertilized TME 419 cassava species had a lower 

value for soluble sugar.26 The increased number of 

pumpkin leaves in sample C is the explanation for its lower 

sugar concentration.  

The respondents' BMI and waist-to-hip ratio were also 

examined in this investigation. It was revealed that women 

had higher mean body mass indices (BMIs) and waist-to-

hip ratios than males. Since diabetes mellitus is a metabolic 

endocrine disorder, it is strongly connected to the 

metabolism of proteins, lipids, and carbohydrates. The 

association between starchy foods like cassava and the 

incidence of diabetes mellitus has been the topic of various 

arguments. Because of this disagreement, patients with 

diabetes are typically advised to avoid dough 

manufactured from cassava flour (laafun). Still, several 

studies have indicated that Africans who take cassava 

regularly have a low incidence of diabetes. 84% of the 

1381 calories eaten were accounted for in an earlier 

investigate 

on, however none of the subjects developed diabetes.6 The 

four samples in this experiment were turned into dough, 

and the two-hour postprandial influence was studied. 

Before the meal, the respondents' fasting blood sugar levels 

were assessed. Sample C was revealed to have the least 

influence on the respondents' postprandial blood glucose 

levels. Additionally, this figure is compatible with the 

WHO blood glucose category for diabetics. Its low sugar 

level, low amylopectin content, and high amylose 

concentration are the reasons for this. In addition to the 

vegetables that were incorporated into the flour, the 

postprandial effect may have been modified by the 

inclusion of jute leaves to the soup. 

Limitations 

The study did not consider the patients' medication in terms 

of drugs, which was assumed to influence the outcomes. 

Furthermore, the doughs' glycemic load and index were not 

verified. The participants' postprandial glucose levels may 
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be influenced by the soup. Therefore, more study should 

be done while taking all of these into consideration. 

CONCLUSION 

In conclusion, this study has demonstrated that fortifying 

cassava flour with fluted pumpkin significantly enhances 

its nutritional profile and beneficially influences 

postprandial blood glucose levels. This study offers clarity 

to previous research by providing scientific evidence 

supporting the use of cassava in managing diabetes and 

dyslipidemia, countering the prevalent discouragement of 

cassava in favor of wheat for diabetic patients. These 

findings support the strategic incorporation of fluted 

pumpkin into cassava flour as a practical approach to 

improving diet quality and effectively managing diabetes, 

thereby offering a valuable dietary intervention to mitigate 

the glycemic response and potentially treat dyslipidemia. 
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