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ABSTRACT  

Type 2 diabetes mellitus (T2DM) is a metabolic disorder characterized by hyperglycemia due to 

decreased insulin secretion by pancreatic beta cells and insulin resistance. Medical nutrition therapy 

is one of the pillars in the management of T2DM, in the form of a balanced diet. A good intake of 

carbohydrates and fiber can help regulate fasting blood glucose levels in diabetic patients. This study 

aims to determine the relationship between carbohydrate and fiber intake on fasting blood glucose 

levels in patients with T2DM following a brown-rice diet intervention. This study was pre-

experimental without control variables and employed a non-random sample selection method. The 

research design was a one-shot case study, focusing on post-test results. The study included a sample 

size of 18 people aged 48–60 years. Data analysis involved the Shapiro-Wilk normality test and 

Spearman correlation test. The results showed that the majority of the respondents had normal 

carbohydrate intake (88.9%) and good fiber intake (100%). However, most respondents had 

uncontrolled fasting blood glucose levels (55.6%). There is no relationship between carbohydrate 

and fiber intake on fasting blood glucose levels following the intervention of a brown rice-based diet 

menu. 
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_______________________________________________________________________________ 

INTRODUCTION  

Diabetes mellitus is a chronic and 

progressive disease characterized by the 

body’s inability to metabolize 

carbohydrates, fats, and proteins, leading 

to hyperglycemia or high blood glucose 

levels (1). According to The Indonesian 

Basic Health Research in 2013 and 2018, 

the national prevalence of diabetes 

mellitus among individuals aged 15 and 

older has been increasing from 6.9% to 

10.95%. The highest prevalence rates of 

diabetes mellitus were observed in the age 

range of 55-64 years, as much as 6.3%, 

followed by the age range of 65-74 years, 

as much as 6%. In addition, the occurrence 
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of diabetes mellitus is more prevalent in 

women (1.8%) than in men (2). 

Management of diabetes mellitus 

begins with adopting a healthy lifestyle, 

which includes medical nutrition therapy 

and physical activity, and 

pharmacological interventions involving 

oral and/or anti-hyperglycemic drug 

injections (3). The principle of dietary 

management in people with diabetes 

mellitus is known as the “3J Right 

Principles,” emphasizing the right amount 

(jumlah) of energy and nutrients, selecting 

the right type (jenis) of food and/or food, 

and adhering to the right meal schedule 

(jadwal). People with diabetes mellitus 

can still eat the same menu as their family 

members, as the amount of energy and 

nutrients is more significant than the type 

of food (4).  

Brown rice is an alternative food, 

which has effective preventive and 

therapeutic effects for diabetes mellitus. 

Brown rice is untreated whole grain 

obtained by removing the outermost layers 

of seed called husk (5). Brown rice retains 

its germ and bran layers, which are rich in 

fiber. Thus, carbohydrates in brown rice 

are digested more slowly in the digestive 

tract, leading to a gradual increase in 

blood glucose levels. According to 

research results, consuming 50 grams of 

brown rice per day can potentially reduce 

the incidence of diabetes by 13% (6).  

Rice serves as a source of 

carbohydrates, contributing to energy 

besides fat and protein. The amount of 

carbohydrates consumed from main meals 

and snacks can affect blood glucose levels 

and insulin secretion. Consequently, the 

amount of carbohydrates consumed holds 

greater importance than the carbohydrate 

(7). The results of a study conducted by 

Ngaisyah (2015) showed a relationship 

between a high-carbohydrate diet and an 

increased risk of type 2 diabetes mellitus 

(T2DM). However, regularly consuming 

high-fiber foods such as brown rice can 

help reduce the risk of T2DM (8).  

The fiber and mineral content in 

brown rice (22.04 g) are higher compared 

to those in white rice (20.58 g) (9). Dietary 

fiber offers many benefits for the 

management of T2DM. Due to its slow 

processing in the body, fiber will cause a 

feeling of fullness. Water-insoluble 

dietary fiber enhances the rate of 

absorption of nutrients in the 

gastrointestinal tract so that it can reduce 

carbohydrate absorption and increase 

insulin sensitivity (10). According to 

research conducted by Amanda and 

Bening (2019), there is a relationship 

between fiber consumption and fasting 

blood glucose levels in people with 

T2DM. The higher-fiber intake is 

associated with lower fasting blood 

glucose level (11). 

Consumption of high-fiber foods 

is related to lower insulin response, 

thereby reducing the incidence of insulin 

resistance. Fasting blood glucose level is 

one way to establish the diagnosis of 

T2DM. It can provide an overall picture of 

glucose homeostasis and can effectively 

predict HbA1C levels (7). According to 

research conducted by Lee et al (2018), 

fasting blood glucose levels are 

particularly sensitive for predicting the 

risk of developing T2DM, especially in 

individuals older than 40 years old (12). 

 The purpose of this study was to 

analyze the relationship between 

carbohydrate and fiber intake on fasting 

blood glucose levels in T2DM patients 

following a brown rice-based diet 

intervention. 

 

RESEARCH METHODS 

Research Design 

 The type of research used in this 

study was pre-experimental research 

without control variables, and the samples 

were not randomly selected (13). This 

study used a one-shot case study design, 

where the researcher only conducted a 

one-time treatment believed to have an 

effect and then conducted a post-test (14). 
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Data Source 

All data collected were primary 

data. The data were in the form of 

respondent characteristics (gender, age, 

type of work, BMI, disease), carbohydrate 

intake, fiber intake, and fasting blood 

glucose levels. 

 

Brown Rice Diet 

This study used a diet menu 

intervention based on brown rice with a 

frequency of three main meals and three 

side dishes. The type of DM diet given 

was adjusted to the respondent’s daily 

energy needs, DM 1300, 1400, 1500, or 

1600. The dietary intervention was given 

from Monday to Saturday for 12 weeks. 

The amount of brown rice consumed per 

day ranged from 200 to 270 grams, which 

contributes 86.2 to 116.4 grams of 

carbohydrates. 

 

Research Target 

The sampling method used in this 

study was purposive sampling, resulting in 

a total of 18 respondents who were 

outpatients with diabetes mellitus at Griya 

Bromo Malang Clinic. The inclusion 

criteria were female, aged between 48 and 

60 years, nutritional status within the BMI 

range of 21.5-28.5 kg/m2, Hb-A1c <8% 

with 1 or a combination of Anti-Diabetes 

Drugs (ADD), and were willing to be 

research respondents proven by signing 

the inform consent. The exclusion criteria 

were active smokers, having a history of 

gastrointestinal disorders requiring long-

term medical therapy, having heart, 

kidney, and malignancy disorders.  

 

Development of Data Collection 

Instruments and Techniques 

 Data on the characteristics of the 

respondents were taken using a 

questionnaire. Data on the nutritional 

status of patients were obtained from 

measuring height using a microtoa with an 

accuracy of 0.1 cm and body weight using 

Bioelectrical Impedance Analysis. The 

obtained data were then used to calculate 

the Body Mass Index (BMI). Then, BMI 

values were categorized into normal 

weight (18.5–22.9), overweight (23.0–

24.9), or obesity I (25.0 – 29.9). 

 Food intake data during the 

intervention was collected using the 

method of food record three times a week 

for 12 weeks. The recording was done on 

two working days (Monday and 

Wednesday) and one day off (Saturday). 

Data on carbohydrate and fiber intake 

were obtained from brown rice-based food 

ingredients/diet menu consumed per day. 

Carbohydrate intake data were 

categorized into five levels: severe deficit 

(<70%), moderate deficit (70–79%), mild 

deficit (80–89%), normal (90–119%), and 

excess (>120%). Fiber intake is 

considered good when it is higher than 25 

g per 1000 kcal and inadequate when 

below 25 g per 1000 kcal (4). 

 Data on fasting blood glucose 

(FBG) levels for each respondent were 

obtained from laboratory measurements 

one day after the dietary intervention was 

completed. FBG levels in respondents 

with T2DM can be categorized as 

controlled if below 126 mg/dL, and not 

controlled if higher or equal to 126 mg/dL 

(15). 

 

Data Analysis Technique 

 The data obtained will be tested 

for the normality of the data using the 

Shapiro-Wilk test. The test was chosen 

because the sample size was less than 50. 

The results showed that the data on 

carbohydrate intake and fiber intake were 

not normally distributed at a significance 

level of α <0.05, while the fasting blood 

glucose data were normally distributed. 

Furthermore, a Spearman’s correlation 

test was carried out with a confidence 

level of 95% (α = 0.05) to determine the 

relationship between carbohydrate and 

fiber intake with fasting blood glucose 

levels. 
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This research has received ethical 

approval issued by the Health Research 

Ethics Committee, Faculty of Medicine, 

Universitas Brawijaya, with license 

number 143/EC/KEPK/07/2016. 

 

RESEARCH RESULT 

Overview of Respondents 

All respondents in this study were 

female within the age range of 40-60 

years. Table 1 shows that most of the 

respondents (50%) belong to the early 

elderly group or the age range of 46-55 

years. Most of the respondents are 

housewives (61.1%). Most of the 

respondents were in the Obesity I 

category. The majority of respondents had 

a history of other diseases besides T2DM. 

Most of the respondents had a history of 

hypertension, hypercholesterolemia, and 

even both diseases.  

 

 

 

 

 

Tabel 1. Distribution of Respondents’ General Description

Variable 
Frequency 

n % 

Age (Years)      

36 – 45  1 5.6 

46 – 55  9 50.0 

56 – 65  8 44.4 

Profession   

Housewife 11 61.1 

Tailor 2 11.1 

Notary officer 1 5.6 

Teacher 1 5.6 

Headmaster 1 5.6 

Posyandu cadres 1 5.6 

Church officer 1 5.6 

BMI Category   

Normal weight 4 22.2 

Overweight 3 16.7 

Obesity I 11 61.1 

Disease History   

Hypercholesterolemia 4 22.2 

Hypertension 4 22.2 

Hypercholesterolemia & Hypertension 1 5.6 

Hypercholesterolemia & gout 1 5.6 

Asthma & gastritis 1 5.6 

Spinal HNP 1 5.6 

Nothing 6 33.3 
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Description of Respondents’ 

Carbohydrate Intake 
 

Tabel 2. Distribution of Respondents’ 

Carbohydrate Adequacy Levels 

Category 
Frequency 

n % 

Normal (90 – 119%) 16 88.9 

Excess (> 120%) 2 11.1 

Total 18 100 

The average respondent’s 

carbohydrate intake in this study ranged 

from 165 g to 320 g. Table 2 shows that 

most of the respondents had normal 

carbohydrate intake levels, 90-119%. As 

many as two people had carbohydrate 

intake that exceeded the recommended 

range (45-60%). 

 

Description of Respondents’ Fiber 

Intake 

The recommended daily fiber 

intake for people with T2DM is 25 g/1000 

kcal (4). The respondents’ need for fiber 

in a day is equal to 31.5 g to 39.4 g. The 

fiber intake of all respondents (100%) was 

considered good as it exceeded the 

recommended needs. 

Description of Respondents’ Fasting 

Blood Glucose Levels 

 

Tabel 3. Distribution of Respondents’ 

Food Blood Glucose Levels 

Category 
Frequency 

n % 

Controlled 8  44.4% 

Uncontrolled 10 55.5% 

Total 18 100 

Table 3 shows that most of the 

respondents (55.5%) had uncontrolled 

FBG levels, ≥126 mg/dL. The statistical 

test results using the Spearman correlation 

test obtained a p-value of 0.501, which is 

greater than α=0.05 (0.501>0.05). It 

indicated no relationship between 

carbohydrate intake and FBG levels in 

people with T2DM. Statistical test results 

on fiber intake and FBG levels value 

obtained a p-value of 0.368, which is 

greater than α=0.05 (0.276>0.05), 

suggesting that there is no relationship 

between fiber intake and FBG levels in 

patients with T2DM. The results of the 

relationship test are presented in Tables 4 

and 5.

 

Tabel 4. Correlation Carbohydrate intake and FBG Levels

Carbohydrate 

FBG Levels  Total 

p-value* Controlled Uncontrolled 

n % n % n % 

Normal 8 50 8  50  16 100 

Excess 0  0  2  100  2 100 

Total 8 44.4 10 55.6 18 100 

*Statistic test 

     

  

 
Tabel 5. Correlation Fiber Intake and FBG Levels 

Fiber 

FBG Levels  Total 

   p-value* Controlled Uncontrolled 

n % n % n % 

Bad 0 0 0  0  0 0 

Good 8 44.4 10  55.6  18 100 

Total 8 44.4 10 55.6 18 100 

*Statistic test     
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DISCUSSION 

Overview of Respondents 

All respondents in this study were 

female. Since there is a monthly cycle 

syndrome (premenstrual syndrome) and 

post-menopause in women, this factor 

may contribute to the accumulation of fat 

in the body. Additionally, women who 

have experienced menopause tend to have 

decreased sensitivity to the hormone 

insulin  (16). 

Most of the respondents were in 

the early elderly group or the age range of 

46-55 years. According to research 

conducted by Lathifah (2017), the 

majority of T2DM sufferers are over 58 

years old (52%). An individual aged 45 

years and above has a higher risk of 

suffering from diabetes mellitus and 

glucose intolerance due to generative 

factors, such as decreased body function 

for glucose metabolism  (17). 

In this study, most of the 

respondents were housewives. According 

to Isnaini & Ratnasari (2018), working as 

a housewife involves engaging in light 

physical activities, such as washing, 

cooking, cleaning the house, and several 

other similar activities. Regular physical 

activity has been shown to increase insulin 

production so that blood glucose levels 

will decrease (18). 

Obesity in adults has a four-fold 

increased risk of developing T2DM 

compared to people with normal 

nutritional status (19). Obesity can 

contribute to metabolic disorders and 

insulin resistance, as insulin cannot work 

optimally in muscle, fat, and liver cells 

(20). In this study, most of the respondents 

were in the category of Obesity 1. It is in 

line with research conducted by Dafriani 

(2017) that respondents who have diabetes 

mellitus are more likely to be obese (21) 

Some respondents had a history of 

diseases other than T2DM, such as 

hypertension and hypercholesterolemia. 

Individuals who suffer from T2DM are at 

risk of experiencing chronic 

complications. As many as 60% of 

diabetic patients also have hypertension 

and 28% of diabetic patients also have 

dyslipidemia. Diabetic patients often have 

high LDL cholesterol and triglyceride 

levels and low HDL cholesterol levels, 

which can result in insulin resistance (22) 

 

Analysis of Carbohydrate Intake and 

Respondents’ Fasting Blood Glucose 

Levels 

T2DM sufferers need to be aware 

of the amount of carbohydrates consumed 

as most of the carbohydrates are converted 

into glucose in the body, mainly in the 

form of polysaccharides (4). The hormone 

insulin plays a crucial role in maintaining 

the balance of glucose levels in the blood 

(23). Statistical test results showed no 

relationship between carbohydrate intake 

and FBG levels in T2DM patients. These 

results are in line with a study conducted 

by Kurniasari (2014) that there was no 

relationship between carbohydrate intake 

and blood glucose levels in hospitalized 

T2DM patients, as the patients were given 

food containing carbohydrates according 

to their needs so that there is no excess 

carbohydrate intake (24). The result of 

Wati & Rodlah’s research (2019) stated 

that carbohydrate intake is not related to 

blood glucose levels since carbohydrate 

intake is not an influencing factor in 

controlling the patient’s blood glucose 

levels (25).  

Another factor related to blood 

glucose levels is age, where most of the 

respondents in this study were over 40 

years old. Physiological changes usually 
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occur at the age of more than 40 years, one 

of which is the decreased ability of beta 

cells to produce insulin for glucose 

metabolism (17). 

Table 4 shows eight people who 

had normal carbohydrate intake but had 

uncontrolled FBG levels. It could be 

caused by respondents’ BMI classification 

as overweight and obese. Research by 

Sa’pang et al. (2018) stated that a higher 

BMI is associated with higher fasting 

blood glucose levels in patients with 

T2DM. A person with a BMI above the 

normal range has an increase in insulin 

resistance, which results in increased 

blood glucose levels (26).  

The results of this study indicate 

that two people who consumed excessive 

carbohydrates had uncontrolled FBG 

levels. Excessive carbohydrate intake can 

trigger insulin resistance since the 

carbohydrates consumed will be broken 

down into a simple form, glucose, 

absorbed in the intestines, and enter the 

blood circulation. This excess 

carbohydrate intake will increase blood 

glucose levels (27). Moreover, the results 

of research conducted by Wulandari and 

Kurnianingsih (2018) stated a relationship 

between a high-carbohydrate diet and 

blood glucose levels, as intake of foods 

rich in carbohydrates can interfere with 

the stimulation of pancreatic beta cells in 

producing insulin (23). 

T2DM sufferers who consume 

carbohydrates more than their daily needs 

can experience elevated blood glucose 

levels. Insulin hormone levels in people 

with DM are not enough to convert 

glucose into glucagon. According to 

research conducted by Sandra and 

Isnawati (2015), carbohydrate intake has a 

significant relationship with blood glucose 

levels. Every gram of excess 

carbohydrates can increase blood glucose 

levels by 2,750 mg/dl (28). Furthermore, 

the study results conducted by Juwita et al. 

(2020) showed a significant relationship 

between carbohydrate intake and blood 

glucose levels (29). 

 

Analysis of Respondents’ Fiber Intake 

and Fasting Blood Glucose Levels 

Soluble dietary fiber can be 

fermented by bacteria in the large 

intestine, while only a small portion of 

insoluble fiber can be fermented. The 

content of soluble and insoluble dietary 

fiber in each food varies, thereby it is 

necessary to include a variety of foods that 

contain fiber in the diet plan (30). 

However, the statistical test results in 

Table 5 show that there is no relationship 

between fiber intake and FBG levels in 

people with T2DM. A study conducted by 

Jenkins et al. (2002) involving 23 

respondents who followed a high-fiber 

diet for 12 weeks found no significant 

relationship between a high-fiber diet and 

a decrease in fasting blood glucose levels. 

This dietary intervention used high-fiber 

cereals and broken wheat bread, resulting 

in an average daily fiber intake of 37.3 g a 

day per respondent. Studies using longer 

duration are needed to observe changes 

from high-fiber diets (31). 

 Furthermore, the results of a 

study conducted by Karimi et al. (2015) 

found no significant decrease in fasting 

blood glucose after being given a high-

fiber diet for eight weeks (32). The results 

of McRae’s study (2018) stated that 

reducing fasting blood glucose levels 

could not reduce the incidence of T2DM 

in patients with adequate dietary fiber 

intake. Adequate fiber intake (25 grams 

per 1000 kcal) can reduce the occurrence 

of chronic microvascular and 

macrovascular complications in people 

with T2DM. However, long-term studies 

involving large populations are needed to 

analyze the relationship between fiber 

intake and blood glucose (33). According 

to Turner and Lupton (2011), there is no 

maximum limit to total fiber intake that 

the body can tolerate (34). 
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 According to research conducted 

by Audina et al. (2018), lower fiber intake 

is associated with higher fasting blood 

glucose levels in T2DM sufferers (35). 

Fiber, especially soluble fiber, can help 

lower glucose levels by increasing food 

viscosity and slowing down the process of 

emptying and digestion in the stomach. 

This process results in decreased 

absorption of nutrients, including glucose, 

and creates a longer feeling of satiety so 

that food intake decreases. A decrease in 

glucose absorption and food intake lowers 

blood glucose levels. Undigested fiber 

will enter the large intestine and 

undergoes fermentation by bacteria. This 

process can increase insulin sensitivity 

and eventually lead to reduced blood 

glucose levels (36). 

 Research conducted by Audina et 

al. (2018) found a significant relationship 

between fiber intake and FBG levels of 

T2DM sufferers. Patients who consume 

fiber intake of more than 25 grams per day 

tend to experience reduced fasting blood 

glucose levels. Fiber intake can control 

fasting blood glucose levels and prevent 

complications (35). Furthermore, the 

results of a study conducted by Soviana 

and Maenasari (2019) showed a 

relationship between fiber intake and 

fasting blood glucose levels in T2DM 

patients at the Jasmine 2 Clinic in 

Surakarta. The average respondent’s fiber 

intake is 14.33 grams per day, which is 

classified in the low category (37). 

 

CONCLUSION 

In conclusion, this study indicates 

that the majority (88.9%) of respondents 

had normal carbohydrate intake. All 

respondents (100%) had good fiber intake. 

There were ten people (55.6%) who had 

uncontrolled FBG levels (≥126 mg/dl) and 

eight people (44.4%) who had controlled 

FBG levels (<126 mg/dL). There is no 

relationship between carbohydrate and 

fiber intake on fasting blood glucose 

levels in T2DM patients following the 

intervention of a brown rice-based diet 

menu. 
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ABSTRACT 

 

The prevalence of stunting in children under five years old has decreased from 25% in 2013 to 18% 

in 2019 in The Gambia. The consumption of certain food groups, as part of minimum dietary 

diversity, serves as a measure of the adequacy of nutrient density for children. This study aims to 

examine the association between stunted children under five years old and types of food sources, as 

well as wealth status. Secondary data from The Gambia Demographic and Health Survey 2019-2020 

were analyzed, involving 2,533 out of 8,362 children. Logistic regression tests were performed with 

a 95% confidence interval. Staple foods were identified as the dominant food source for stunted 

toddlers (p< 0.05; OR = 1.78; 95% CI = 1.436-2.216) and considered a risk factor for stunting. Food 

intake from more than four food sources (OR = 0.6; 95% CI = 0.403-0.88), place of residence (OR 

= 0.72; 95% CI = 0.53-0.95), middle wealth status (OR = 0.47; 95% CI = 0.33-0.68), and wealthy 

household (OR = 0.74; 95% CI = 0.52-1.05) were significantly associated with a reduced likelihood 

of stunting and considered protective factors. The incidence of stunting is linked to the diversity of 

food sources given to toddlers. In providing care for stunted toddlers at the community level, 

stakeholders must consider food diversity, economic capacity, and type of residence. 

 

Keywords: food source, stunting, wealth status, demographic and health survey  

 

   

INTRODUCTION   

Stunting is a condition where a 

child’s height does not accord with the 

expected range of their age, typically 

measured with a standard deviation of less 

than -2 SD than the normal threshold 

based on the standards set by WHO. 

Stunting is the body’s mechanism to make 

adjustments to prolonged periods of 

starvation (1). Long-term starvation can 

lead to chronic malnutrition regardless of 

age. Chronic malnutrition during the 

golden age has long-term consequences, 

such as low academic and immune 

abilities, as well as short-term 

consequences that affect brain growth and 

development (2). Therefore, optimal 

growth and development in children are 
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related to the quality of human resources, 

which is often associated with the Human 

Development Index. Following the year 

2010, Gambia experienced a declined 

Gross National Index (GNI) with the 

sharpest declines in 2011 and 2014. 

However, starting in 2017 to 2019, the 

Gambia’s GNI began to rise (3). This 

upward trend was consistent with a 

decrease in the prevalence of childhood 

stunting, from 25% in 2013 to 18% in 

2019 (4,5). In 2019, around 14% of 

children aged 6 - 24 months were reported 

to receive food that met the minimum 

recommended diet (5). The Minimum 

Dietary Diversity is a measure that reflects 

the adequacy of micronutrient density, and 

it is achieved by consuming at least five 

food groups. Among these food groups, 

children are required to consume at least 

one type of animal-protein food, one type 

of fruit or vegetable, and staple foods such 

as whole grains, roots, and tubers (6). In 

the Demographic Health Survey Standard 

Recode Manual for DHS 2018 data, the 

eight food groups are breast milk; grains, 

roots, and tubers; legumes and beans; 

dairy products (milk, yogurt, and cheese); 

flesh foods (meat, fish, poultry, 

liver/organs); eggs; fruit and vegetables 

with Vitamin A content; and other fruit 

and vegetables (7). We investigated the 

association between the types of food 

sources with stunted children aged 6-59 

months using The Gambia DHS 2019-

2020 data. The findings of this study will 

provide insights for designing effective 

health policies and programs to reduce the 

burden of malnutrition. 

 

METHODS  

Research design 

The study used secondary data 

from The Gambia Demographic and 

Health Survey 2019-2020. The survey 

obtained data through a questionnaire with 

a cross-sectional design approach. 

 

Setting and samples 

The sample inclusion criteria were 

children under five years old and above six 

months, with available height-for-age-z-

score (HAZ) data and complete food 

intake records. A total of 2,533 children 

out of 8,362 toddlers were included in this 

study. Children aged less than six months 

and above five years and those with 

incomplete food intake records and HAZ 

data were excluded. The independent 

variables of the research were place of 

residence (urban, rural), wealth quintile 

(poorer, middle, and rich), and food 

groups. The wealth index in this variable 

was calculated from the household’s 

ownership of selected assets, such as 

televisions and bicycles; materials used 

for housing construction; and types of 

water access and sanitation facilities (7). 

The dependent variable was categorized as 

either stunting or not stunting. 

 

Measurement and data collection 

The measuring instrument in this 

study was a questionnaire to assess the 

consumption of food groups, such as 

staple food (grains, roots, and tubers), 

legumes (beans, legumes, and products), 

dairy products (milk, yogurt, cheese, and 

other dairy products), eggs, flesh foods 

(meat, fish, poultry, liver/organ, and meat 

products), fruit and vegetables14. Children 

were categorized as receiving a minimum 

dietary diversity if they consumed four or 

more types of food groups. The 

independent variables included were 

wealth status, which was categorized into 

three levels i.e., poor (from poor and the 

poorest), middle, and rich (from rich and 

the richest), and place of residence defined 

as dichotomous data, that were rural or 

urban.  

Data analysis 

The multivariate analysis employed 

to test the hypothesis was multiple 

logistics regression (binary) with a 

significance level of 95% (α = 0.05) on 

one dependent variable (dichotomous) and 
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more than one independent variable 

(nominal data scale). In addition, the data 

were interpreted in the form of an odds 

ratio to determine the association size 

between variables. 

Ethical considerations 

Ethical permission was obtained 

from Universitas Airlangga, Indonesia. 

All respondents’ identities were hidden 

and permission for using the dataset was 

obtained from ICF International. 

RESULTS  

The number of respondents who met 

the inclusion criteria was 2,533 children 

under the age of five. Most of the toddlers 

resided in rural areas (57%) with a higher 

prevalence of stunting (18.6%). Most 

children received staple food (54%), 

followed by flesh foods (31%). A small 

portion of children received dairy (2%), 

eggs (7%), vegetables (8%), legumes 

(12%), and fruits (16%). Few children 

received four or more food groups as their 

meals (9%). While 2,308 (91%) children 

did not get a diverse diet and consumed 

less than four kinds of food the day prior 

to the survey was conducted. In terms of 

wealth status, a significant portion of 

respondents came from poor households 

(58%) and stunted children (20%) (see 

Table 1). 

Table 1. Characteristics of Respondents 

No. Characteristics 
Stunting 

N (%) 
Yes (%) No (%) 

1 Place of Residence             
Urban 183 ((16.7)) 914 (83.3) 1097 (43)   
Rural 267 (18.6) 1169 (81.4) 1436 (57) 

2 Giving children staple foods             
No 164 (13.9) 1012 (86.1) 1176 (46)   
Yes 286 (21.1) 1071 (78.9) 1357 (54) 

3 Giving children legumes             
No 385 (17.2) 1849 (82.8) 2234 (88)   
Yes 65 (21.7) 234 (78.3) 299 (12) 

4 Giving children vegetables             
No 408 (17.9) 1914 (82.1) 2322 (92)   
Yes 42 (16.7) 169 (83.4) 211 (8) 

5 Giving children fruit             
No 381 (17.8) 1745 (82.2) 2126 (84)   
Yes 69 (17.6) 338 (82.4) 407 (16) 

6 Giving children eggs             
No 424 (17.9) 1941 (82.1) 2365 (93)   
Yes 26 (15.5) 142 (84.5) 168 (7) 

7 Giving children flesh food             
No 302 (17.3) 1439 (82.7) 1741 (69)   
Yes 148 (18.7) 644 (81.3) 792 (31) 

8 Giving children dairy food             
No 442 (17.7) 2050 (82.3) 2492 (98)   
Yes 8 (19.5) 33 (80.5) 41 (2) 

9 Diversity of food (Four types 

or more) 

          

 
  No 418 (18.1) 1890 (81.9) 2308 (91)  
  Yes 32 (14.5) 193 (85.5) 225 (9) 

10 Wealth status            
  Poor 296 (20.0) 1182 (80) 1478 (58)  
  Middle 80 (16.2) 414 (83.8) 494 (20) 

https://doi.org/10.21776/ub.ijhn.2023.010.01.2


Nur Mufida , dkk., Association between Stunting … 15 
 

DOI: https://doi.org/10.21776/ub.ijhn.2023.010.01.2  

 
  Rich 74 (13.2) 487 (86.8) 561 (22) 

 

This study found that staple food 

was dominantly given to stunted toddlers. 

The logistics regression analysis showed 

that providing staple food such as bread, 

noodles, and others made from grains, 

roots, and tubers was significantly 

associated with stunting (p < 0.05). This 

association was identified as a risk factor 

(OR 1.78; 95% CI 1.436-2.216). In 

contrast, providing more than four types of 

food sources (OR 0.6; 95% CI 0.403-

0.88), having middle wealth status (OR 

0.47; 95% CI 0.33-0.68), belonging to rich 

households (OR 0.74; 95% CI 0.52-1.05), 

and place of residence (OR 0.72; 95% CI 

0.53-0.95) were significantly associated 

with stunting and determined as protective 

factors (Table 2). There were no 

significant associations found between 

stunting and consumption of legumes, 

vegetables, fruits, eggs, flesh foods, and 

dairy products.  

 

 

Table 2 Association Between Stunting and Food Groups Intake 

Variables 
OR (95% CI) p-

values OR Lower Upper 

Place of Residence 0.715 0.532 0.957 *0.024 

Giving children staple food 1.776 1.43 2.207 *0.000 

Giving children legumes 1.318 0.937 1.853 0.112 

Giving children vegetables 1.334 0.881 2.021 0.173 

Giving children fruit 0.971 0.693 1.359 0.862 

Giving children eggs 0.966 0.599 1.557 0.887 

Giving children flesh food 0.837 0.638 1.097 0.197 

Giving children dairy food 1.438 0.636 3.251 0.383 

Diversity of food (Four groups or more) 0.582 0.39 0.869 0.008 

Wealth status     

 Middle 0.471 0.327 1.051 *<0.001 

  Rich 0.740 0.521 0.869 0.093 

* logistic regression

 

DISCUSSION  

Food grouping used in the DHS 

survey aligns with the 2010 WHO 

guidelines. This present study identified 

several factors associated with stunting 

and their contribution to dietary diversity. 

Consuming staple food only could 

increase the risk of stunting (OR 1.78 95% 

CI 1.436-2.216). Most children 

predominantly received staple food with 

less vegetables, eggs, fruits, dairy, and 

legumes; thus, putting them at higher risk 

of stunting. Previous studies in West 

Africa show that a larger proportion of 

staple foods in meals was associated with 

a greater likelihood of both stunting and 

wasting in Ugandan children, which was 

thought to be related to inadequate vitamin 

A, iron, and zinc in staple foods (8). 

Excessively consumption of staple food 

combined with limited intake of 

vegetables, fruit, animal sources, and nuts 

as a side dish may result in insufficient 

nutrition intake. Staple foods are often 

more affordable than other foods, 

especially animal sources foods, as shown 

in this study and the results of previous 

studies; thus, household wealth influences 

stunting (9,10). This study proved that 
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different levels of wealth status were 

linked to stunting. Middle-wealth status 

(OR 0.47; 95% CI 0.33-0.68) and rich 

households (OR 0.74; 95% CI = 5.18-

1.05) had a lower risk of having stunted 

children. The results showed that families 

with middle-wealth status had a 

significant association with food diversity. 

Higher-income families are more likely to 

have access to a variety of food than those 

with the poorest wealth status, while the 

lowest wealth status is associated with 

insufficient minimum dietary diversity 

(11,12). Fulfillment of nutritional needs 

according to dietary guidelines is 

significantly related to food security and 

household income (13–15). Poverty-

stricken communities with household food 

insecurity often change their food 

consumption patterns to cope with hunger, 

resulting in compromised nutrition (16). A 

higher family’s economic capacity could 

prevent stunting in addition to accessing 

various food at least four or more types 

(17). Providing a variety of foods more 

than four types of food sources 

significantly lowers the risk of stunting 

(OR 0.6; 95% CI 0.403-0.88). This result 

accords with the other study that stunting 

was negatively associated with dietary 

diversity (OR 0.95, 95% CI 0.91-0.99, 

p=0.01) (18). It has been reported that 

household food insecurity was associated 

with stunting (15,19–21). Dietary 

diversity has also been associated with a 

lower likelihood of childhood stunting in 

Asian countries (OR 0.89; 95% CI 0.80-

0.98) (22). In other words, dietary 

diversity has been proven as a protective 

factor leading to a low risk of stunting in 

children.  

In addition to macronutrients, such 

as carbohydrates, proteins, and fats, 

micronutrients are also needed for optimal 

cell development, growth, and countless 

metabolic functions within the human 

body (23). Since vegetables, fruits, and 

nuts are sources of important nutrients, 

especially micronutrients, the composition 

of a toddler’s daily diet needs to consider 

their inclusion in a child’s feeding (6,24). 

The results of the study showed that 

children’s respondents received 

vegetables, fruits, and nuts in limited 

amount (Table 1). Animal source foods, 

especially meat, play an important role in 

providing protein, easily absorbed zinc, 

and other essential minerals (iron, 

potassium, and selenium), amino acids, 

and vitamins (B2 (riboflavin), B3 (niacin), 

B6, and B12) (25,26).  Consumption of 

animal-protein foods is significantly 

associated with a reduced risk of stunting 

(OR 0.69; 95% CI 0.54-0.89; p<0.01) 

(18). Consuming a variety of animal-

sourced food is more beneficial than 

relying on one animal-sourced food (27). 

Despite being a crucial source of high-

quality nutrients for children aged 6-23 

months, the significance of animal-

sourced foods is often overlooked by 

nearly 800 million people. For sustainable 

development, the animal-sourced needs of 

the poorest and most vulnerable people 

must be addressed to prevent stunting (27–

29). This study found that no more than 

40% of children in Gambia consumed 

animal-sourced foods, such as flesh food, 

dairy, and eggs. It appears that they 

consumed animal-sourced food in small 

amounts, resulting in prolonged 

malnutrition. 

A recent study showed that 

stunting prevention in Sub-Sahara Africa 

has not been accompanied by improved 

equity in accessing minimum dietary 

diversity (p<0.01) and composite 

coverage index (p<0.001) persisted by 

wealth status and place of residence 

variables (30). Place of residence 

(rural/urban) has a simultaneous effect on 

preventing stunting, as it provides a 

geographical map of food sources. In this 

study, place of residence was associated 

with stunting in Gambia (p<0.05). Access 

to food, particularly in relation to housing, 

plays an important role in food security. It 

has been reported that West Africa is 
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vulnerable to variability and climate 

change that threatens food security (31). 

Weaknesses in food production systems 

due to extreme climate change, such as 

droughts and floods, can exacerbate food 

insecurity. In 2018, it has been suggested 

the adaptive response in addressing the 

impacts of climate change by improving 

regulations for restricting agriculture and 

livestock grazing activities, strengthening 

early-warning systems, crop 

diversification and rotation, and switching 

to drought-tolerant crop and animal 

species (32). Therefore, government 

support must be increased across all 

wealth quintiles to ensure that children 

receive a variety and adequate food intake 

across all regions. 

The study was based on high-

quality data regularly collected by an 

international expert group. In addition, the 

findings from nationally representative 

data are more feasible for policymakers to 

design appropriate intervention programs. 

However, this study has some 

limitations. Included, data unavailability 

on each type of food sources amount 

consumed may be limited, and data may 

suffer bias in recalled information. 

Since dietary diversity is significantly 

associated with stunting, types of food and 

the affordability of family to food sources 

must be considered in efforts to nutrition 

improvement. Incomplete data on staple 

food such as grains, roots, and tubers and 

intake of food sources could be further 

investigated in future studies. 

  

CONCLUSION 

Providing at least four types or 

more of food sources has a significant 

effect on stunting prevention. The types of 

food given to toddlers are closely related 

to the incidence of stunting. Therefore, 

when caring for stunted toddlers at the 

community level, stakeholders need to pay 

attention to food diversity, family’s 

economic capacity, and place of residence. 
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ABSTRACT  

Malnutrition is a part of the geriatric giant and a major concern among community-dwelling elderly 

individuals. Improper intervention of this problem can have detrimental effects on the elderly. 

Monitoring nutritional intake plays a vital role in managing malnutrition. Telemedicine has been 

widely applied for managing chronic diseases and gained prominence during the COVID-19 

pandemic as a remote health monitoring method. This scoping review aims to identify the advantages 

and limitations of implementing telemedicine for addressing malnutrition in community-dwelling 

elderly. This study reviewed the literature obtained through a systematic search of PubMed and 

Science Direct databases, supplemented by manual searches based on specific inclusion criteria.  

Two randomized controlled trials (RCTs) assessing the application of telemedicine for malnutrition 

were identified. The forms of telemedicine used were telecare and set-top boxes on television. The 

interventions included nutritional monitoring and specific interventions for each patient. However, 

high patient dropout rates indicated low patient compliance. Nevertheless, the application of 

telemedicine demonstrated improved patient compliance with nutritional intake guidelines. 

Limitations of telemedicine implementation included low motivation, technological constraints, and 

physiological constraints. Telemedicine may be used as a tool for monitoring nutritional intake 

among malnourished geriatric populations 

Keywords: elderly, malnutrition, telemedicine  

 

ABSTRAK  

Malnutrisi merupakan bagian dari geriatric giant dan masalah utama pada pasien lansia di 

komunitas. Penanganan yang tidak adekuat menimbulkan dampak buruk. Pemantauan asupan gizi 

menjadi penting dilakukan dalam menangani kasus malnutrisi. Telemedisin telah banyak diterapkan 

pada penanganan kasus penyakit kronik. Pada masa pandemi, telemedisin menjadi metode 

pemantauan kesehatan yang banyak digunakan.  Untuk mengidentifikasi kelebihan dan keterbatasan 

dari penerapan telemedisin pada kasus malnutrisi di populasi yang memiliki keterbatasan mobilitas 

seperti lansia. Studi ini meninjau literatur yang diperoleh dari pencarian sistematis dari database 

Pubmed dan ScienceDirect. Artikel pendukung diperoleh dari pencarian manual dengan kriteria 
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inklusi tertentu.Terdapat 2 studi randomized controlled trial (RCT) yang menilai penerapan 

telemedisin untuk malnutrisi. Bentuk telemedisin yang digunakan berupa ala telecare dan set top 

box pada televisi. Intervensi berupa pemantauan asupan gizi dan intervensi spesifik untuk setiap 

pasien. Angka dropout pasien tinggi menandakan kepatuhan pasien yang rendah. Penerapan 

telemedisin meningkatkan kepatuhan pasien pada pedoman asupan gizi. Keterbatasan penerapan 

telemedisin berupa motivasi rendah, kendala teknologi dan kendala fisiologis. Telemedisin 

berpotensi sebagai alat pemantau asupan gizi pada populasi lansia yang mengalami malnutrisi. 

Kata Kunci: lansia, malnutrisi, telemedisin 

________________________________________________________________________________

INTRODUCTION 

Malnutrition refers to an 

imbalanced nutritional intake, either 

excessive intake (obesity) or insufficient 

intake (underweight or wasting). 

Malnutrition is common, but some 

groups are more vulnerable, such as 

people with low socioeconomic status, 

the elderly, those with acute or chronic 

illnesses, and pregnant women.1 In 

elderly patients, malnutrition is one of 

the geriatric giants that necessitates 

comprehensive treatment. Failure to 

address malnutrition can lead to 

decreased immune function, increased 

risk of infection, muscle and bone 

weakness, decreased quality of life, and 

increased morbidity and mortality 

(Figure 1).2–7 

Generally, the term “geriatric 

patients” refers to elderly patients. They 

are associated with a higher degree of 

weakness and are more likely to have 

chronic diseases.8 Various factors 

predispose elderly patients to higher risks of 

malnutrition. Decreased food intake can be 

due to decreased ability to smell and taste, 

difficulty in chewing or swallowing, 

impaired nutrient absorption, cognitive 

decline, psychological conditions such as 

loneliness and depression, and the side 

effects of drugs.8 This decrease in food 

intake can also be influenced by external 

factors such as difficulty in food preparation, 

food quality, and dining atmosphere.8 In 

addition, certain socio-demographic factors 

such as gender (female patients), marital 

status (unmarried patients), living alone, 

low education level, unemployment, and 

lifestyles (smoking and alcohol 

consumption) have been associated with a 

higher risk of malnutrition.9

 

 

 

Figure 1. Effect of Malnutrition on the Elderly Population 2–4  
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The prevalence of malnutrition 

among elderly patients reaches 50%, but 

it varies significantly depending on the 

demographic factors, the conditions of 

healthcare settings, and the screening 

tools used to assess nutritional status.8 

Another study states a relatively low 

prevalence of malnutrition in the elderly 

(6-11%), but higher rates are observed 

among the elderly receiving treatment in 

hospitals or care centers (32-64%). In 

Europe and Asia, the prevalence of 

malnutrition in the elderly varies from 12% 

to 84%.7 Various studies on malnutrition 

in the elderly population in Indonesia 

show that 1 out of 2 elderly people is 

undernourished or overweight.9 When 

considering the residential background, 

malnutrition prevalence is quite low (1-

15%) in the elderly living at home in 

European and North American 

populations compared to aged care 

facilities (25-60%) or in hospitals (35-

65 %).10 A study conducted by Kaiser et 

al. regarding malnutrition conditions in 

various residential backgrounds in 

Mataram, West Nusa Tenggara, 

Indonesia found 30 - 90% of 

malnutrition cases or at risk of 

malnutrition among the elderly living in 

hospitals, nursing homes, communities, 

and rehabilitation centers.11 In addition, 

a study in Iran showed that the 

prevalence of malnutrition was 9.2% 

among elderly patients living at home 

and 21.6% in nursing homes.7 Despite 

the abundance of available data and the 

dangers of malnutrition in the elderly, 

addressing this problem has not yet been 

established as a necessity in elderly 

care.7 

Therefore, to detect risks and 

prevent malnutrition in the elderly, it is 

important to carry out nutritional 

screening and monitoring.12 The process 

of providing nutritional care to the 

elderly follows a systematic approach. 

Through nutritional treatment, 

healthcare workers are expected to detect 

the risk of malnutrition and conduct 

personalized management for the patient. 

Nutritional treatment consists of (1) 

nutritional screening and risk detection 

using validated screening tools, (2) 

nutritional assessment by assessing 

phenotypic criteria (weight loss, low body 

mass index, and decreased muscle mass) 

and etiological factors (decreased food 

intake or the presence of certain diseases 

which could cause eating difficulties), (3) 

making a diagnosis based on meeting at 

least one phenotypic and etiological 

criterion, and (4) determining of case 

severity based on the phenotypic criteria. 

The process of nutritional care requires 

assistance from both healthcare workers 

and the patient’s caregiver.12 

In recent years, home 

telemonitoring has been extensively studied 

and has shown promising results.13 

Telemedicine technology has been applied 

in the field of nutrition to monitor the 

nutritional intake of elderly patients at 

home.14 This literature review aims to 

identify the advantages and limitations of 

utilizing telemedicine for the treatment of 

malnutrition in elderly patients in the 

community. 

 

METHOD 

A literature review was made by 

means of a detailed and systematic literature 

review (PRISMA Guideline) on the topic of 

the potential of telemedicine for monitoring 

the nutritional intake of malnourished 

community-dwelling elderly.15 The main 

article used for this literature review was 

obtained from the search results conducted 

on PubMed and ScienceDirect international 

journal databases. Additional supporting 

articles were obtained from manual 

searches performed by the authors (BI, MI, 

AM). The inclusion criteria for the main 

article literature search included fully 

accessible articles, studies employing 

clinical trial or pilot study designs, articles 

written in English, and publications within 

the period of 2011-2021 (Figure 2). 
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Figure 2. Literature  Selection Flow 

RESULT 

Two randomized controlled trials 

(RCTs) were identified and met the 

search criteria. The studies conducted by 

Kraft et al. and Van Doorn-Van Atten et 

al. investigated the use of telemedicine 

for monitoring the nutritional status of 

elderly patients living in communities 

who were at risk of malnutrition.16,17 

 

DISCUSSION 

Telemedicine Application 

Telemedicine varies across the 

literature reviewed. The study by Kraft 

M et al. used a monitoring system 

consisting of telecare scales and 

monitors developed by Vitaphone 

GmbH, Mannheim, Germany. 

Participants were required to measure 

their weight every day and answer 

questions from the telecare monitor. The 

system did not only display the questions 

on the screen but also read the questions 

aloud. Prior to the start of the study period, 

participants were taught how to use the 

monitor. This system would provide a real-

time message to the healthcare workers if 

participants experienced weight loss, 

discontinuation of oral supplement 

consumption, deterioration in physical 

condition, or any other conditions that 

required participants to contact the 

healthcare workers. Healthcare workers 

would then provide intervention in 

accordance with the situation.16  

In contrast, another study by Van 

Doorn-Van Atten et al. used a different 

form of telemedicine. Participants received 

a set-top box that would add channels to the 

television owned by each participant. This 

television channel contained food menus, 

messages about nutrition, results of 

nutritional status measurements, and advice 

on food intake and physical activity. The 

telemedicine included both uniform 

messages for all participants as well as 
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specifically tailored messages depending 

on each patient’s condition. Whenever 

an alarming condition was detected, the 

healthcare providers would receive 

notifications and proceed with providing 

intervention to the patient. In addition, 

patients were required to measure their 

weight and count the number of steps 

taken per month. They were provided 

with a standardized weighing scale and 

instructions to measure the weight 

correctly. Questionnaires such as the 

Dutch Healthy Diet Food Frequency 

Questionnaire (DHD-FFQ), Simplified 

Nutritional Appetite Questionnaire 

(SNAQ), and Mini Nutritional 

Assessment Short Form (MNA-SF) were 

also completed by participants at the 

beginning of the intervention and again 

after two months.17 The different forms 

of telemedicine utilized in these studies 

highlight the flexibility of technology, 

allowing for adaptation to the specific 

needs and cultural context of different 

populations. 

 

Effectivity 

The effectiveness of 

telemedicine can be evaluated based on 

the participants’ compliance with 

carrying out technology-based 

monitoring. The study by Kraft M et al. 

showed a decrease in the number of 

participants, with only one participant 

remaining for the final assessment out of 

the initial 13 participants in the 

intervention group. Eight participants 

discontinued prematurely, resulting in a 

higher attrition rate compared to the 

control group, which had four 

participants remaining out of the initial 

13. The main reasons for discontinuation 

among the five participants who initially 

participated but dropped out were 

declining physical and psychological 

health requiring treatment (two 

participants), difficulties in using the 

technology (one participant), and feeling 

burdened by the study (one participant). 

Consequently, only one participant 

completed the study.16 This finding was 

similar to the study by Van Doorn-Van 

Atten et al. with an initial sample of 20 

elderly participants, nine participants 

stopped participating due to mental and 

psychological health decline and difficulties 

in using the telemedicine technology 

applied in the study.16,17 

The main similarity between the two 

studies is that they used relatively complex 

technology. In the second study, the use of 

telemedicine took advantage of the 

participants’ existing television devices, 

which was expected to increase participants’ 

understanding of accessing telemedicine. 

However, almost half of the participants 

still discontinued their participation. This 

number was smaller than the study by Kraft 

M et al., which used special technology and 

saw a majority of participants 

discontinuing.16,17 

When evaluating the effectiveness 

of telemedicine in improving the nutritional 

status of participants, it is important to 

consider the following aspects. The two 

main sources of this literature review were 

pilot studies with the same objective, to see 

the potential role of telemedicine in 

addressing malnutrition in elderly patients. 

Nonetheless, a study by Van Doorn-Van 

Atten et al. found a significant increase in 

participant adherence to nutritional intake 

according to guidelines, particularly in 

terms of consumption of fish, fiber, protein, 

and vitamin D. However, these findings still 

require further research with a larger sample 

size.17 On the other hand, the study by Kraft 

M et al. obtained results that were not 

significantly different between the 

intervention and control groups. Although 

still inconclusive, telemedicine still shows 

some potential in its applicability and 

benefits.16,17 

 

Advantage and Limitation 

The application of telemedicine 

offers a number of advantages (Figure 3). 

First, it eliminates the need for patients to 
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come to healthcare facilities. This is 

beneficial especially for elderly patients 

in the community and the presence of 

movement restrictions due to the 

pandemic (at the time of writing this 

study). The application of telemedicine 

and remote consultation in cases of 

chronic illness or patients with 

malnutrition can reduce medical costs 

while still providing affordable 

healthcare services.16,18,19 Secondly, 

telemedicine facilitates routine 

monitoring, allowing patients to monitor 

their health status (in this case, 

nutritional condition) without the direct 

presence of a healthcare worker. This 

type of routine monitoring has been 

implemented in the management of heart 

failure.20 

However, several limitations 

were identified from this literature 

analysis. One limitation is the need for 

patients to familiarize themselves with 

the technology used. This is challenging, 

especially for elderly patients with low 

digital literacy.16,17 Another study has also 

shown that elderly patients were not ready 

to fully engage in video conference-based 

telemedicine.21 Low motivation of the 

patient and/or caregiver also proves to be a 

limitation. Low motivation arises from the 

notion that nutritional supplements are not 

important or that patients and caretakers 

feel that the patients are in good health, and 

the difficulty of elderly patients to receive 

information regarding their nutritional 

problems.16,22,23 In the study by Kraft et al. 

and Van Doorn-Van Atten et al. some 

physiological barriers were reported, 

including (1) limitations in consuming the 

recommended foods, (2) discomfort in 

taking supplements, which prompted 

patients to discontinue monitoring, and 

logistical problems such as the 

unavailability of supplements.14,16,17

 

 

 

Figure 3. Strengths and Limitations of the Application of Telemedicine Identified 

from the Literature 16–20 

CONCLUSION 

Malnutrition remains a major 

problem faced by elderly patients, and 

monitoring their nutritional intake is one 

crucial step to improving nutritional 

status. This literature review highlighted 

two RCT studies that showed the potential 

of telemedicine to monitor the nutritional 

intake of elderly patients in the community. 

Telemedicine offers advantages, including 

reducing the need for high mobility and 

facilitating routine monitoring of nutritional 
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status. Meanwhile, the challenges 

identified were low patient motivation, 

limited knowledge and ability to adapt to 

technology, physiological constraints, 

and logistical constraints. Considering 

the benefits of telemedicine, the 

development of telemedicine that can 

overcome these challenges should be 

addressed. 
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ABSTRACT 

 
Analog rice, also known as artificial rice, is a rice substitute made from a combination of local flour, 

including sorghum flour, mocaf flour, and glucomannan. Incorporating Moringa leaves into analog 

rice flour offers potential health benefits due to its anti-diabetic and antihyperglycemic effects, which 

lowers blood sugar levels and HbA1C levels in individuals with Diabetes Mellitus. This study aims 

to develop analog rice using a combination of sorghum, mocaf, and glucomannan flour and to 

determine its sensory properties and fiber content. This study employed an experimental design, with 

Moringa leaf flour substitutions divided into P1 (0%), P2 (2%), P3 (4%), P4 (6%), P5 (8%), and P6 

(10%), using a Completely Randomized Design (CRD). Sensory evaluation was done using the 

hedonic test, involving 25 trained panelists who assessed taste, aroma, color, and texture. Fiber 

content was analyzed using the enzymatic gravimetric test. Data were analyzed using a one-way 

ANOVA test, followed by Duncan’s test if p<0.005. The results showed a significant effect of 

Moringa leaf flour substitution on sensory evaluation and fiber content (p<0.001 for all comparisons). 

Based on sensory evaluation, panelists preferred analog rice P2 (2%). The fiber content of analog 

rice with Moringa leaf flour substitution ranged from 11.16 to 13.65% for insoluble dietary fiber, 

0.60 to 0.99% for soluble dietary fiber, and 11.80 to 14.62% for total dietary fiber. Moringa leaf flour 

substitution had a significant difference in sensory evaluation and fiber content of analog rice. The 

highest preference level was found in P2 (2%) analog rice, while the highest total fiber content was 

found in P5 (8%) analog rice. 

 

Keywords: analog rice, sensory evaluation, dietary fiber, Moringa leaf flour 
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INTRODUCTION 

Diabetes Mellitus (DM) is a 

chronic disease caused by a metabolic 

disorder that leads to elevated blood sugar 

levels exceeding normal limits. This 

disease can also be a major cause of other 

chronic diseases, such as heart disease, 

blindness, and kidney failure (1). The 

International Diabetes Federation (IDF) 

stated that 463 million people have 

diabetes mellitus at the age of 20-79 years, 

with projections indicating a further 

increase to 578 million and 700 million by 

2030 and 2045, respectively. Meanwhile, 

Indonesia ranks 7th among the top 10 

countries with the highest sufferers, 

affecting approximately 10.7 million 

people (2). 

The Indonesia Basic Health 

Research (RISKESDAS) report a 2% 

prevalence of diabetes mellitus at the age 

of 15 years and above based on medical 

diagnoses, while an 8.5% prevalence was 

based on blood sugar examination. 

Therefore, immediate action to control 

diabetes mellitus must be taken to prevent 

further increases in the number of 

sufferers, one of which is through dietary 

management (3).  

Dietary management for patients 

with diabetes mellitus in Indonesia 

involves adjustments in the type of foods, 

amount, and meal timing (known as 3J, 

Jenis, Jumlah, Jadwal) (1). The 

recommended type of foods chosen 

mainly consists of low glycemic index 

foods, which can raise blood sugar levels 

slowly. The low or high glycemic index in 

food is mainly determined by dietary 

fiber, amylose, amylopectin, fat, protein 

content, and food processing method (4) 

Rice, as a carbohydrate source, is a staple 

food mainly consumed in many countries 

worldwide. However, rice also has a high 

glycemic index (54-97) and contains a low 

amount of insoluble dietary fiber (3.64%) 

(5). Therefore, there is a growing need for 

alternative food options that enables 

people with Diabetes to still consume rice 

without concern about elevated blood 

sugar levels.  

Analog rice, or artificial rice, is 

produced by combining locally sourced 

flour and has almost the same 

carbohydrate content as that of regular rice 

(6). Therefore, the selection of raw 

materials used in the manufacturing 

process will greatly determine the 

nutritional value and characteristics of the 

analog rice. In this study, the raw 

materials used were sorghum and mocaf 

(modified cassava flour), which were 

substituted with Moringa and 

glucomannan. Most respondents 

expressed a preference for analog rice 

derived from sorghum and mocaf, with a 

30%:50% ratio (7). The pleasant taste of 

mocaf makes the ratio of mocaf 

composition higher than that of sorghum. 

Sorghum is a functional food and 

is known to offer various benefits. 

According to Suarni, sorghum contains 

iron, fiber, oligosaccharides, and β-

glucan, which are non-starch 

polysaccharide (NSP) carbohydrate 

components (8).  In addition, sorghum 

also contains tannins and phytic acid. 

Tannins exhibit stronger antioxidant 

properties compared to vitamins E and C. 

Sorghum has 11.53% dietary fiber and 

1.44 mg total phenolic compound (9). 

Phenolic compounds are antioxidants and 

have a role in α-amylase and α-

glycosidase enzyme inhibition, potentially 

beneficial in managing hyperglycemia and 

diabetes-related complications (10). The 

glycemic index value of sorghum rice is 

47.38 and is included in the low category 

(<55) (11). 

Mocaf is flour made from cassava 

that undergoes a fermentation process 

(12). A study reported that the nutritional 

content and caloric value of mocaf rice are 

higher than those of regular white rice, 

with 212.53 kcal/100gr, 2.09% protein, 

and 46.45% carbohydrates (13).  

In addition, Moringa leaves are 

widely cultivated in Indonesia, and their 
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leaf extract is known to have antidiabetic 

and antihyperglycemic effects. A study 

has shown that Moringa leaf extract is also 

able to reduce blood sugar levels and 

HbA1C levels, which are parameters for 

the success of diabetes therapy (14). 

Consumption of boiled Moringa leaves 

water is known to lower blood glucose 

levels in people with diabetes mellitus 

(15). In addition, Moringa leaves that have 

been dried and ground into powder form 

(flour) have an increased concentration of 

nutrient content (16).  

Furthermore, glucomannan, a type 

of dietary fiber found in porang tubers, is 

known to slow down the gastric emptying 

rate, restrain the absorption of glucose and 

lipids, and prolong the feeling of fullness 

(17). Glucomannan derived from porang 

tubers can be a nutraceutical component 

for type II diabetes management (18). 

Therefore, this research aims to 

conduct sensory evaluations (taste, aroma, 

color, texture) and fiber content analysis 

of analog rice deriving from locally 

sourced ingredients that are sorghum, 

mocaf, and porang glucomannan extract 

substituted with Moringa leaf extract, 

which has a low glycemic index and rich 

in antioxidant. It is expected that this 

analog rice can serve as an alternative 

functional food for food diversification.  

METHODS 

The study utilized an experimental 

research design employing a single-factor 

Completely Randomized Design (CRD). 

Five treatment formulations and one 

control were used to perform sensory 

evaluation (taste, aroma, color, and 

texture) and dietary fiber content analysis 

in analog rice. The ratios of composite 

flour and Moringa flour are shown in 

Table 1. Composite flour ingredients 

consisting of sorghum flour, mocaf, and 

glucomannan extract from porang tuber 

were then substituted with Moringa leaf 

flour in each treatment group with varying 

amounts, ranging from 0 to 10 g. 

  

Table 1. Analog Rice Composition 

 Sorghum Flour (g) Mocaf Flour 

(g) 

Moringa Leaf 

Flour (g) 

Glucomanan 

Powder (g) 

P1(0%) 90 10 0 0.1 

P2 (2%) 88 10 2 0.1 

P3 (4%) 86 10 4 0.1 

P4 (6%) 84 10 6 0.1 

P5 (8%) 82 10 8 0.1 

P6 (10%) 80 10 10 0.1 

 

In the analysis of dietary fiber, the 

number of replications was calculated. 

This study consisted of six experimental 

groups, requiring two replications for each 

group (19). The sensory evaluation 

analysis was performed by involving 

trained panelists. The panelists in this 

study were students of the Undergraduate 

Program in Nutrition, Faculty of Health 

Sciences, Alma Ata University, classes of 

2018 and 2019 (both regular and transfer 

students). The panelists had received 

theory in the sensory evaluation practicum 

test in the Food Nutrition Science Block or 

Advanced Culinary Course. Before 

performing the sensory evaluation, the 

panelists signed the consent form to 

participate in the research, and their 

identities were kept confidential. This 

research has received ethical approval 

from the Ethical Commission of Alma Ata 

University (KE/AA/IX/10622/EC/2021). 
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The population in this study was 

the 25 trained panelists. The number of 

panelists was determined based on the 

maximum requirements of people with 

good enough sensitivity (20). Selected 

panelists were those who met the 

predetermined inclusion and exclusion 

criteria. The inclusion criteria for selecting 

the panelists were as follows: male or 

female with a minimum age of 18 years, 

in good health, had received sensory 

evaluation test theory, and were willing to 

participate by signing the consent form to 

become a panelist. On the other hand, the 

exclusion criteria were individuals who 

experienced sickness, withdrew from the 

sensory evaluation test, and have 

not/never received sensory evaluation test 

theory.  

  The sensory 

evaluation data were analyzed using the 

hedonic test method, employing a 

preference scale consisting of the 

following levels: a) score 1:  dislike very 

much; b) score 2: dislike slightly; c) score 

3: neutral/like; d) score 4: like slightly; e) 

score 5: like very much (21). In addition, 

the dietary fiber test includes measuring 

total dietary fiber, soluble fiber, and 

insoluble dietary fiber using a gravimetric 

enzymatic method (22). The statistical 

analysis performed in this study was one-

way ANOVA with a 95% confidence level 

(α = 0,05). Therefore, a p-value of less 

than 0.05 was considered a significant 

difference. If there were a significant 

difference, the data would be analyzed 

further using Duncan’s test to determine 

which treatment group has the real 

difference. 

 RESULTS  

Preference level for the color of analog 

rice substituted with Moringa leaf flour  

Table 2 shows that there was no 

significant difference between P1 and P2 

(notation d). This means the panelists gave 

no different taste ratings between analog 

rice with 2% Moringa leaves addition and 

without the addition. P2, with the addition 

of 2 g of Moringa leaves, has an average 

score of 3.32 (neutral/like). Likewise, P3 

with the addition of 4 g of Moringa leaves 

has an average score of 3.04 (neutral/like), 

P4 with the addition of 6 g of Moringa 

leaves has an average score of 2.84 

(neutral/like), and P5 with the addition of 

8 g of Moringa leaves has an average score 

of 2.72 (neutral/like). However, P6, with 

the addition of 10 g of Moringa leaves, 

was less preferred by respondents, with an 

average score of 2.36 (dislike slightly). 

  This result may be due to the 

analog rice without the addition of 

Moringa leaf flour having a lighter color 

(white bone) than the analog rice added 

with Moringa leaf flour. Therefore, the 

addition of more Moringa leaf extract 

makes the analog rice have a darker green 

color which lowered the panelist’s level of 

preference. 

Statistical test results showed that 

the moringa leaf flour substitution in 

analog rice has significantly different 

results in the preference level for the rice 

color (p<0.001). The results of the 

significance test found that P6 was 

significantly different from P1, P2, P3, P4, 

and P5. However, P1 was not significantly 

different from P2 in color. 
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Substituted with moringa leaf flour (P1: 0%) 

 
Substituted with moringa leaf flour (P4: 6%) 

 
Substituted with moringa leaf flour (P2: 2%) 

 
Substituted with moringa leaf flour (P5: 8%) 

 
Substituted with moringa leaf flour (P3: 4%) 

 
Substituted with moringa leaf flour (P6: 10%) 

Figure 1. Analog rice products with Moringa leaf flour substitution 

 

Preference level for the aroma of analog 

rice substituted with Moringa leaf flour  
The sensory evaluation test results 

in Table 2 show the preference level of 

panelists for analog rice for aroma at 

different Moringa leaf flour substitution 

levels. At P1, P2, and P3, the aroma was 

rated as neutral/like with subsequent 

average scores of 3.06, 2.90, and 2.82, 

respectively. Whereas, at P4, P5, and P6, 

with the addition of 6 g, 8 g, and 10 g of 

Moringa leaves, the average scores 

declined to 2.42, 2.48, and 2.48, 

respectively. The panelist’s feedback 

indicated “dislike slightly” for the aroma 

as more Moringa flour was added to the 

analog rice. This decline in preference 

could be attributed to the increased 

concentration of the aroma from Moringa 

leaf flour. The statistical analysis revealed 

a substantial impact of substituting 

Moringa leaf flour on the aroma 

preference of analog rice (p<0.001). 

Specifically, there were significant 

differences between P1 and P4, P5, and 

P6. However, no significant difference 

was observed between P1 and P2, as well 

as between P1 and P3 concerning aroma 

preference. 

 

Preference level for the taste of analog 

rice substituted with Moringa leaf flour  

As shown in Table 2, the sensory 

evaluation test results indicate that 

panelists displayed a preference for analog 

rice taste at P1 compared to the other 

treatment groups, with an average score of 

3.62. Treatments P2, P3, and P4, which 

involved the addition of 2 g, 4 g, and 6 g 

of Moringa leaves, respectively, received 

average scores within the “neutral/like” 

category, with values of 3.02, 2.94, and 

2.64, respectively. However, panelists 

exhibited “slight dislike” for analog rice at 
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P5 and P6, where 8 g and 10 g of Moringa 

leaves were added, with average scores of 

2.30 and 2.18, respectively.  

The data suggests that as more 

Moringa leaf flour was added to the analog 

rice, the panelists’ acceptance of the 

product decreased. This might be 

attributed to the increasing bitterness in 

the rice taste resulting from the higher 

levels of Moringa leaf flour.  

The statistical test results showed a 

significant difference in the panelists’ 

preference for analog rice taste for each 

treatment group substituting with Moringa 

leaves (p<0,001). P1 was significantly 

different from the other five treatment 

groups.  

Preference level for the texture of analog 

rice substituted with Moringa leaf flour 

The results of the sensory 

evaluation test in Table 2 show that the 

panelists preferred the analog rice texture 

at P1, P2, P3, and P4, which included in 

the “neutral/like” category with an 

average score of 3.46, 3.24, 3.06 and 2.62, 

respectively. This was because the analog 

rice in P1, P2, and P3 had a chewier 

consistency. However, for P5 and P6, the 

panelists did not like the texture of the 

analog rice because it was hard and brittle, 

referred to as “nasi pera” in Indonesian. 

The average scores for these treatments 

were 2.42 and 2.48, respectively. 

The statistical test results showed a 

significant difference in the panelists’ 

preference for analog rice texture for each 

treatment group substituting with Moringa 

leaves (p=0,001). P1 did not differ from 

P2 and P3 but was significantly different 

from P4, P5, and P6 concerning texture 

preference.   

Preference level for the overall 

characteristics of analog rice substituted 

with Moringa leaf flour  

The sensory evaluation test results 

in Table 2 show that the panelists’ 

preference level for the overall 

characteristics of analog rice substituted 

with Moringa leaf flour was 

“neutral/like.” The treatment group P1 

obtained the highest average score (3.50) 

due to its desirable overall characteristics, 

which included a sticky, chewy texture, 

and a pleasant taste. Similarly, P2, P3, P4, 

and P5 were included in the “neutral/like” 

category with an average score of 3.14, 

3.12, 2.72, and 2.52, respectively. 

However, the panelists showed a slight 

dislike for the analog rice on P6, with an 

average score of 2.42, because it was 

slightly hard and brittle and tasted slightly 

bitter. These characteristics could be 

attributed to the higher substitution level 

of Moringa flour (10%) in P6.  

The statistical test results showed a 

significant difference in the panelists’ 

preference level for the overall 

characteristics of analog rice with 

Moringa leaf flour substitution (P< 0.001). 

The results of the significance test found 

that P1 was significantly different from 

P2, P3, P4, P5, dan P6. 

Dietary Fiber  

The results of the one-way 

ANOVA test for soluble dietary fiber 

content, as shown in Table 3, 

demonstrated a highly significant effect 

(p<0.001) resulting from the addition of 

Moringa leaf flour to analog rice made 

from sorghum flour, mocaf, and 

glucomannan. 

The lowest average soluble dietary 

fiber content value in analog rice was in 

the group without moringa flour (P1) 

substitution at 0.64%. In contrast, the 

highest average value (0.97%) was 

obtained in the P5 group with Moringa 

leaf flour substitution. These results were 

followed by Duncan’s test, which 

obtained significant differences between 

P3 and P1, P2, P4, P5, and P6.  

Insoluble Dietary Fiber  

The results of the one-way 
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ANOVA test for insoluble dietary fiber in 

Table 3 showed p<0.001, which means 

that H0 was rejected. Therefore, the 

addition of Moringa leaf flour had a 

significant impact on the insoluble dietary 

fiber content of analog rice made from 

sorghum flour, mocaf, and glucomannan.  

The lowest average value of 

insoluble dietary fiber content in analog 

rice was found in the group without 

moringa flour (P1) substitution (11.18%). 

On the other hand, the highest average 

value (13.63%) was obtained in the P5 

group with Moringa leaf flour 

substitution. These results were followed 

by Duncan’s test, which showed 

significant differences in all treatment 

groups P1, P2, P3, P4, P5, and P6. 

Total Dietary Fiber  

Table 4 shows a significant 

difference resulting from the addition of 

Moringa leaf flour to the total dietary fiber 

content of analog rice made from sorghum 

flour, mocaf, and glucomannan 

The group without Moringa leaf 

flour substitution (P1) exhibited the 

lowest average total dietary fiber content 

in analog rice, measuring 11.82%. In 

contrast, the highest average value was 

observed in the group with Moringa leaf 

flour substitution (P5), at 14.61%. 

Duncan’s test further confirmed 

significant differences among all 

treatment groups (P1, P2, P3, P4, P5, and 

P6) in terms of total dietary fiber content. 

 

Table 2. Sensory Evaluation Test of Analog Rice 

 Color Aroma Taste Texture Overall Characteristic 

P1  3.52±0.83d  3.06±0.89c  3.62±0.90d 3.46±0.81b 3.50±0.73c 

P2  3.32±0.76 cd 2.90±0.99 bc 3.02±0.915c 3.24±1.00 b 3.14±0.80 b 

P3  3.04±0.85 bc 2.82±1.04 abc 2.94±1.03 c 3.06±1.14 b 3.12±0.94 b 

P4  2.84±0.89 b 2.42±0.97a 2.64±1.10 bc 2.62±0.98 a 2.72±0.88 a 

P5  2.72±0.90 b 2.48±0.95 ab 2.30±0.95 ab 2.42±1.05 a 2.52±0.93a 

P6  2.36±1.04 a 

P<0.001 

2.48±1.09 ab 

P<0.001 

2.18±1.13 a 

P<0.001 

2.48±0.95 a 

P<0.001 

2.42±1.03 a 

P<0.001 

Note: Different letters in the notation column indicate significant differences between treatment groups P 

< 0.05, while the same letters indicate no notation differences in the treatment level P < 0.05 in the one-

way ANOVA test followed by Duncan’s test. The value of each sensory evaluation score in the table 

shows that score 1 = dislike very much, 2 = dislike slightly, 3 = neutral/like, 4 = like slightly, 5 = like 

very much. 

Table 3. Dietary and Insoluble Fiber Contents of Analog Rice  

 Dietary Fiber P Value    Insoluble Fiber P Value 

P1 (0%) 0.64±0.0563564a 11.18±0.0212839a 

P2 (2%) 0.71±0.0014849a 12.52±0.0670337 c 

P3 (4%) 0.82±0.0339411b 13.14±0.0217789 d 

P4 (6%) 0.90±0.0034648 c 13.52±0.0653367 e 

P5 (8%) 0.97±0.0265165c 13.63±0.0149907f 

P6 (10%) 0.70±0.0200111a 12.25±0.0021213 b 
Note: Different letters in the notation column indicate significant differences between treatment groups P 

< 0.05, while the same letters indicate no notation differences in the treatment level P < 0.05 in the one-

way ANOVA test followed by Duncan’s test.  
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Tabel 4. Total Dietary Fiber Content of Analog Rice 

 Total Dietary Fiber P Value 

P1 (0%) 11.82±0.0350018a 

P2 (2%) 13.24±0.0685186c 

P3 (4%) 13.96±0.0556493d 

P4 (6%) 14.43±0.0688722 e 

P5 (8%) 14.61±0.0114551f 

P6 (10%) 12.96±0.0178191b 

Note: Different letters in the notation column indicate significant differences between treatment groups P 

< 0.05, while the same letters indicate no notation differences in the treatment level P < 0.05 in the one-

way ANOVA test followed by Duncan's test.  

 

DISCUSSION  

Color Sensory Evaluation Test of 

Analog Rice 

Moringa leaf flour substitution in 

analog rice has significant differences in 

the level of color preference (p<0.001). 

Particularly, treatment group P6 showed 

a distinct difference from the other 

treatment groups. 

Analog rice (P1) without 

Moringa leaf flour exhibited a white 

bone color, which aligns with the 

traditional appearance of rice. 

Conversely, the inclusion of Moringa 

leaf flour in the formula imparted a green 

color to the analog rice, with the 

intensity of green increasing as more 

Moringa leaf flour was added. This 

vibrant green hue is attributed to the 

chlorophyll content present in Moringa 

leaves. Chlorophyll is a green pigment 

found in chloroplasts along with 

carotenes and xanthophylls (23). Color 

plays a crucial role in sensory evaluation 

tests, reflecting freshness and ripeness. 

An even and uniform color can be 

indicative of the quality of mixing or 

processing methods. For individuals 

with Diabetes mellitus who adhere to 

strict diet control, an appealing color can 

enhance food choices. In this study, the 

color of analog rice was paid close 

attention, and a sensory evaluation test 

using hedonic scales was conducted to 

assess color preferences (24). 

A study found that analog rice 

with the 10% substitution of Moringa 

leaf extract has 2.723% greater 

chlorophyll content than analog rice with 

the addition of 5% broccoli extract 

(1.260%)(25).  This is because the total 

chlorophyll content in Moringa leaves 

was higher (12.68 g/L) than that in 

broccoli (6.21 mg/L). Furthermore, 

factors such as pH, pigment sources, and 

processing methods can influence the 

total chlorophyll content in leaves, along 

with sunlight exposure and leaf age.  

This study was in line with a 

study that found that panelists preferred 

wet noodles without the addition of 

Moringa leaf flour compared to noodles 

added with Moringa leaf flour with 

various concentrations (26). 

Additionally, an increase in Moringa leaf 

flour addition negatively impacted the 

general acceptance of sponge cake (27). 

 

 

Aroma Sensory Evaluation Test of 

Analog Rice 

Substitution of moringa leaf flour 

in analog rice has a significant difference 

in the level of preference for aroma 

(p<0.001). A test of difference showed 

that treatment 1 was significantly 

different from P4, P5, and P6 but not 

significantly different from P2 and P3.  

Analog rice with Moringa leaf 

flour substitution offers rice with a 
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specific aroma of Moringa. The intensity 

of this characteristic aroma increases 

with higher amounts of Moringa leaves 

added to the analog rice. This is 

attributed to the drying process of 

Moringa leaves at 50°C, which activates 

phenolic compounds responsible for the 

distinct Moringa aroma (28).  

In this study, the panelists disliked 

the analog rice aroma substituted with 

moringa leaf flour, compared to analog 

rice with fresh Moringa leaf and brown 

algae (Sargassum sp). This is due to the 

lower intensity of the Moringa leaf. 

Aroma plays a crucial role in consumer 

food preferences as it stems from the 

olfactory sensing process. The presence 

of volatile compounds in food products 

contributes to their distinctive aromas, 

significantly influencing consumer 

preferences and related to the sense of 

smell (29).  

In addition, Moringa also contains 

lipoxidase enzymes found in the leaves. 

These enzymes hydrolyze or break down 

fats into compounds that can cause 

unpleasant odors, particularly in the 

hexanal and hexanol groups. As a result, 

an increase in Moringa leaf flour added 

to the product can lead to a stronger 

unpleasant smell (30). However, the 

aroma can be reduced by blanching, 

picking, washing, and storing the 

Moringa leaves at room temperature 

(30oC to 32oC) (31).  

 

Taste Sensory Evaluation Test of 

Analog Rice 

Substituting Moringa leaf flour in 

analog rice resulted in a significant 

difference in the preference level for 

taste (P< 0.001). A test of difference 

showed that P1 significantly differed 

from the other five treatment groups. In 

the sensory evaluation test with the level 

of taste preference, 13.98% of the 

panelists expressed a liking for the taste 

of P1 analog rice. 

Products substituted with 

Moringa leaves have a slightly bitter 

taste, and this bitterness increases with 

higher levels of Moringa leaf flour added 

(32). This is because Moringa leaves 

contain tannins which produce a bitter 

taste (33). Additionally, tannins are 

astringent compounds with a bitter taste 

due to the presence of polyphenolic 

groups, which can bind and precipitate or 

shrink the protein components. This 

polyphenol group also gives a dry and 

puckering sensation in the mouth (34). 

However, the bitter taste in Moringa 

leaves will disappear if it is regularly 

harvested for consumption (35).  

 

Texture Sensory Evaluation Test of 

Analog Rice 

Substitution of moringa leaf flour 

on analog rice has a significant 

difference in the level of preference for 

texture (P<0.001). A difference test 

showed that P1, P2, and P3 significantly 

differ from P4, P5, dan P6.   

The texture of analog rice can be 

influenced by the levels of amylose and 

amylopectin present in the rice 

ingredients. As explained in a previous 

study (25), high amylose levels could 

make the rice texture harder and more 

brittle, while higher levels of 

amylopectin can result in a nicer and 

stickier texture. In addition, the fat 

content also affects the texture of the 

analog rice. Fats or oils can weaken the 

dough, reduce the hardness of the 

extruded product, and increase the 

plasticity of the product. This finding 

aligns with a previous study, which 

indicated that the panelists expressed a 

dislike for the texture of analog rice 

when combined with moringa leaf flour 

and Sargassum sp (28). 

 

Dietary Soluble Fiber Test  

Moringa leaf flour substitution 

on analog rice made from sorghum flour, 
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mocaf, and glucomannan, had a 

significant difference (P<0.001) in the 

soluble dietary fiber content. Duncan’s 

test further revealed a significant 

difference between P3 and P1, P2, P4, 

P5, and P6.   

The decrease in soluble dietary 

fiber content observed in P6 can be 

attributed to the cooking process, where 

heating causes the fiber component to 

dissolve in the water, resulting in the 

hydrolysis of water-insoluble 

protopectin compounds into pectinate 

(pectin). This phenomenon leads to a 

reduction in soluble dietary fiber levels 

(36).  

Soluble dietary fiber is a dietary 

fiber that is fermented in the large 

intestine, which can increase the 

concentration of good bacterial 

metabolites such as short-chain fatty 

acids (SCFA). These SCFAs provide a 

fecal bulking effect, enhancing bowel 

movements by increasing intestinal 

transit time (37). Water-soluble dietary 

fiber also has viscosity properties that 

can delay the absorption of glucose and 

lipids, which can positively impact 

postprandial metabolism (38). 

In addition to its role in delaying 

digestion in the small intestine, water-

soluble dietary fiber contributes to a 

prolonged feeling of fullness, slowing 

down blood glucose release, reducing 

the amount of insulin required to transfer 

glucose into cells, and limiting its 

conversion into energy  (39). According 

to a study by Hernawan dan Meylani 

(2016), white rice has the lowest fiber 

content; both organic white rice 

(0.5746% w/w) and non-organic white 

rice (0.4021% w/w). These results 

indicate that the chemical characteristics 

of rice (fiber content) differ from one 

variety to another. The general 

properties of water-soluble dietary fiber 

compounds include large polymeric 

molecules, complex structures, lots of 

hydroxyl groups, and large water-

binding capacities. 

A large number of polar free 

hydroxyl groups and the multiple matrix 

structure provide great opportunities for 

water binding through hydrogen bonds. 

The water-binding property of dietary 

fiber is important in retaining water in 

the stomach, increasing the viscosity of 

food in the small intestine, and 

influencing nutrition and body 

metabolism. These reactions include an 

increase in stool mass, a decrease in 

plasma cholesterol levels, and a decrease 

in the glycemic response to food. Soluble 

dietary fiber is widely used in water-

based foods, such as soups, drinks, and 

puddings, while insoluble dietary fiber is 

widely used in solid foods (41). 

 

Insoluble Dietary Fiber Test 

Moringa leaf flour substitution 

on analog rice had a significant 

difference (p<0.001) in the insoluble 

dietary fiber content. Subsequent 

Duncan’s test demonstrated significant 

differences among all treatment groups, 

including P1, P2, P3, P4, P5, and P6.   

Insoluble dietary fiber consists of 

cellulose, hemicellulose, and lignin. The 

interaction of insoluble dietary fiber with 

the heating process causes damage to the 

gel structure of pectin and hemicellulose, 

leading to a decrease in fiber content 

observed in P6. Among dietary fibers, 

insoluble dietary fiber cannot be 

adequately fermented by bacteria in the 

large intestine. Instead, it acts as a 

laxative, promoting an increase in fecal 

mass and bile acid excretion, while also 

reducing intestinal transit time (37) 

 

Total Dietary Fiber Test 

Moringa leaf flour substitution in 

analog rice resulted in a significant 

difference (p<0.001) in the total dietary 

fiber content. This result was followed 

by Duncan’s test, which showed 
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significant differences in all treatment 

groups P1, P2, P3, P4, P5, and P6. 

Each treatment group in this 

study exhibited a distinct total dietary 

fiber content value. A study by Augustyn 

et al. (2017) found that the higher the 

addition of moringa leaf flour, the higher 

the fiber content. However, P6, with the 

addition of 10% moringa leaf flour, the 

highest among other treatments, 

experienced a decrease in fiber content. 

This decrease can be attributed to 

insufficient attention to the heating 

temperature during the cooking process 

for P6, which caused a decline in the 

total dietary fiber content. Total dietary 

fiber is calculated as the sum of insoluble 

and soluble dietary fiber. Based on the 

observations and analysis results, the 

interaction between the heating method 

and temperature has a significantly 

different effect on the total dietary fiber 

content (43). 

In addition, the decrease in fiber 

content in P6 is due to soluble dietary 

fiber as part of insoluble and total dietary 

fiber. During the cooking process, 

heating causes the fiber component to 

dissolve in the water, leading to the 

hydrolysis of water-insoluble 

protopectin compounds into pectinate 

(pectin), which further dissolves in water 

and reduces the soluble dietary fiber 

levels (36). Insoluble dietary fiber 

consists of cellulose, hemicellulose, and 

lignin. The interaction of insoluble 

dietary fiber with the heating process 

causes damage to the gel structure of 

pectin and hemicellulose, contributing to 

the overall fiber content decrease in P6 

(36). 

Dietary fiber causes some 

alterations in hormone levels in the 

digestive tract, influencing nutrient 

absorption, and regulating insulin 

secretion. Dietary fiber helps increase 

insulin sensitivity and stabilizes blood 

glucose levels, thereby protecting 

against complications due to Diabetes. 

Moreover, dietary fiber can help prevent 

or reduce the risk of degenerative 

diseases like coronary heart disease, 

diabetes, and cancer. Therefore, analog 

rice, with Moringa leaf flour 

substitution, formulated from sorghum 

flour, mocaf, and glucomannan, can 

serve as a valuable food source of dietary 

fiber (44).  

CONCLUSION  

Analog rice with substitution of 

Moringa leaf flour mixed with sorghum 

flour, mocaf, and glucomannan extract 

from porang tuber, showed significant 

differences in preference level among 

panelists, encompassing color, aroma, 

taste, and texture. As the proportion of 

Moringa leaf flour increased, the overall 

preference level decreased. The most 

preferred analog rice variant was P2 

(2%). Substitution of moringa leaf flour 

in analog rice led to significant 

differences in total dietary fiber, soluble 

dietary fiber, and insoluble dietary fiber 

content; P5 (8%) demonstrated the 

highest total dietary fiber content among 

all variants. 
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ABSTRACT 

SARS-CoV-2, the novel coronavirus responsible for COVID-19 disease, has affected all regions of 

Indonesia, leading to an increase in cases and prompting the Indonesian government to impose Large-

Scale Social Restrictions (LSSR). Prolonged exposure to LSSR can potentially impact diet, dietary 

availability, and food preferences. Therefore, understanding the knowledge of dietary 

recommendations during the COVID-19 pandemic is crucial to support individuals in maintaining a 

healthy diet and lifestyle. This study aims to investigate the relationship between knowledge of 

dietary intake recommendations, food availability, and food selection attitudes among adults during 

the COVID-19 pandemic. A cross-sectional design was employed, and 124 individuals were selected 

as research subjects using a purposive sampling technique. The data on knowledge, food availability, 

and attitudes toward food selection were collected through a Google Forms questionnaire. Statistical 

test was conducted using the Fisher Exact test to determine the relationship between variables. The 

findings of this study demonstrated no correlation between knowledge and food selection attitude 

(p>0.05), as well as between food availability and food selection attitude (p>0.05). However, there 

was a tendency for individuals with good knowledge to have good attitudes and individuals with 

good attitudes to have sufficient food availability, despite the absence of statistical correlation. 

Keywords: food availability, knowledge, food selection attitude, COVID-19 pandemic 

 

ABSTRAK 

SARS-CoV-2 merupakan virus corona jenis baru yang menjadi penyebab penyakit infeksi menular 

yaitu COVID-19. Penyebaran COVID-19 yang sudah menjangkau ke seluruh wilayah di Indonesia 

dengan jumlah kasus yang terus meningkat, maka Pemerintah Indonesia memberlakukan PSBB. 

PSBB dalam jangka waktu lama dapat mempengaruhi pola makan, ketersediaan pangan, dan 

pemilihan makan pada individu. Hal tersebut perlu didukung dengan pengetahuan rekomendasi 

asupan makan selama pandemi COVID-19 yang diharapkan dapat membantu mempertahankan 

asupan zat gizi dan gaya hidup yang sehat. Penelitian ini bertujuan untuk mengetahui hubungan 

pengetahuan rekomendasi asupan makan dan ketersediaan pangan terhadap sikap pemilihan 
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makanan orang dewasa selama pandemi COVID-19. Penelitian ini menggunakan rancangan cross 

sectional. Pengambilan sampel dilakukan dengan teknik purposive sampling dan didapatkan subyek 

penelitian sebanyak 124 orang. Data pengetahuan, ketersediaan pangan, dan sikap pemilihan 

makanan didapat dari pengisian kuesioner online melalui Google Form. Uji statistik untuk 

mengetahui hubungan antar variable menggunakan uji Fisher Exact. Hasil penelitian menunjukkan 

bahwa tidak ada hubungan hubungan pengetahuan dan sikap pemilihan makanan (p>0.05), begitu 

juga tidak ada hubungan ketersediaan pangan dan sikap pemilihan makanan (p>0.05). Hasil 

penelitian ini menunjukkan ada kecenderungan pengetahuan baik memiliki sikap baik, dan sikap 

yang baik memiliki ketersediaan pangan cukup meskipun tidak ada hubungan secara statistik.  

Kata kunci: ketersediaan pangan, pengetahuan, sikap pemilihan makanan, pandemi COVID-19 

 

INTRODUCTION 

SARS-CoV-2 (Severe Acute 

Respiratory Syndrome-coronavirus-2) is a 

newly identified coronavirus responsible 

for COVID-19 disease [1]. Similar to other 

respiratory illnesses, such as influenza, 

MERS, and SARS, SARS-CoV-2 can be 

transmitted to humans via the respiratory 

system [2,3]. COVID-19 is causing a 

global pandemic due to its extensive 

dissemination. As of the end of September, 

WHO had reported 33,502,430 confirmed 

positive cases of COVID-19 worldwide. In 

Indonesia, the number of confirmed 

positive cases was 282,724 and 

continuously increasing [4]. In response to 

the escalating spread of COVID-19, the 

Indonesian government commenced 

imposing Large-Scale Social Restrictions 

(LSSR), which were implemented in 

nearly all provinces in Indonesia [5]. The 

objective of LSSR was to curb and prevent 

COVID-19 transmission by imposing 

restrictions on activities for individuals in 

a suspected COVID-19-infected area [6]. 

During LSSR, some activities were 

restricted, including the closure of schools 

and workplaces, limitations on religious 

activities, and closures of public facilities 

[7]. 

Prolonged implementation of 

LSSR could affect individuals’ dietary 

patterns, food availability, and food 

selections  [8]. A study showed that during 

a pandemic, most individuals purchased 

ready-to-eat foods more frequently than 

preparing their own [9]. Limited access to 

vegetables, fruit, and salmon during a 

pandemic, as reported by Di Renzo et al. 

(2020) and Górnicka et al. (2020), leads 

people to consume high-fat, high-sugar, 

and high-sodium, such as fast food, ready-

to-eat cereals, and snacks [10,11]. 

According to Scarmozzino and Visioli’s 

(2020) study, as many as 42.5% of 

participants increased their consumption of 

comfort foods, such as ice cream, 

chocolate, confectionery, and culinary 

nibbles [12]. The COVID-19 pandemic 

also rose people’s concerns about food 

availability at home, prompting them to 

take the necessary precautions to feel safe 

and secure throughout the LSSR. 

Additionally, people commenced 

purchasing food in large quantities or panic 

buying, aiming to ensure they would not 

run out of food in the future [13,14]. 

Changes in food selection attitudes, 

affected by food availability and 

knowledge, alter the nutritional quality of 

the food consumed [15]. Efforts could be 

made to increase knowledge of 

recommended dietary intake. During the 

COVID-19 pandemic, the Ministry of 

Health issued guidelines for balanced 

nutrition, including maintaining a balanced 

and nutritious diet [16]. During the 

COVID-19 pandemic, these food intake 

recommendations aimed to increase public 

knowledge and attitudes regarding 

recommendations and the selection of food 
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intake; thus, they could maintain nutrient 

intake and a healthy lifestyle [16–19]. 

This study aimed to investigate the 

relationship between knowledge of dietary 

intake recommendations, food availability, 

and the attitude of adults toward food 

selections during the COVID-19 

pandemic. 

 

RESEARCH METHODS  

Study Design  

 This research utilized a cross-

sectional design. 

 

Data Source  

Primary data were collected 

through online questionnaires distributed 

via Google Forms 

 

Research Objectives 

Sampling was conducted using a 

purposive sampling technique, in which 

samples were selected based on criteria 

established by the researcher. The 

inclusion criteria for this research were 26- 

to 45-year-old residents of Magetan 

Regency who had local COVID-19 

transmission and were able to read, type, 

and access the internet. While the 

exclusion criteria included subjects who 

did not work, had non-communicable 

diseases, were confirmed positive for 

COVID-19, and received or sought 

information on the treatment of COVID-19 

disease. The subjects comprised of 124 

individuals who met the inclusion criteria 

and were selected using the Slovin formula 

to determine the sample size. 

 

Instrument Development and Data 

Collection Techniques 

The data were collected directly by 

filling out an online questionnaire using 

Google Forms. The questionnaire 

consisted of three sections: 1) knowledge 

data, this section included 13 questions 

related to the meaning of dietary intake 

recommendations; foods should be 

increased or restricted; portions of 

carbohydrate meals, animal side dishes, 

vegetable side dishes, vegetables and fruit 

intake in a day; types of vitamins and 

minerals that play a role in improving the 

immune system, 2) food availability data, 

this section comprised 7 questions related 

to experiences during the last 12 months, 

including whether the subject had ever run 

out of food, food consumption, or food 

shortages: experienced food shortages, 

unbalanced food consumption, ran out of 

money to buy food and reduced meal 

portions, and 3) food selection attitude 

data, this section included 13 questions 

related to whether the subject consumed a 

variety of foods and in accordance with the 

amount his body needed, regular eating 

habit, and reduced cigarette and alcohol 

consumption during the COVID-19 

pandemic. 

Assessment criteria were: 1) 

Knowledge was deemed adequate if the 

subject understood the meaning of dietary 

intake recommendations; what foods 

should be increased/restricted; portions of 

carbohydrates, animal side dishes, 

vegetable side dishes, vegetables and fruit 

in a day; types of vitamins and minerals 

that play a role in enhancing the immune 

system; and types of vitamins and minerals 

that play a role in preventing disease. 2) 

Food availability was adequate if, in the 

past year, the subject never: experienced 

food shortages; failed to consume a 

balanced diet; ran out of money to purchase 

food; or reduced food portions. 3) The 

subject had a good food selection attitude 

if he consumed various foods in proportion 

to his body’s requirements, eats routinely, 

and reduced his cigarette and alcohol 

consumption during the COVID-19 

pandemic. 

The questionnaire devised for this 

study had been subjected to validity and 

reliability test by administering a pilot test 

involving 39 adults aged 26 to 45 in 

Magetan Regency. 
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Data Analysis Technique 

 The relationship between 

knowledge of food intake 

recommendations and food selection 

attitudes, as well as the relationship 

between food availability and food 

selection attitudes were tested using 

Fisher’s Exact Test. 

This study has been authorized by 

the Health Research Ethics Committee, 

Faculty of Medicine, Jenderal Soedirman 

University (KEPK FK UNSOED), with the 

ethical clearance number 

082/KEPK/III/2021. 

 

RESEARCH RESULTS 

Subject Characteristics  

The data collection took place from 

25th April to 26th May 2021. A total of 158 

participants completed the online 

questionnaire. The research sample was 

selected under the inclusion criteria. 

Excluded samples included those who 

were not between the age range of 26 and 

45 (10 individuals), did not reside in 

Magetan regency (10 individuals), did not 

work (9 individuals), had infectious 

disorders (3 individuals), and tested 

positive for COVID-19 (2 individuals). As 

shown in Figure 1, the final number of 

subjects who satisfied the inclusion criteria 

was 124. 

Age, gender, nutritional status, 

most recent education, working during the 

COVID-19 pandemic, and average 

monthly income were some of the 

characteristics of the subjects in this study. 

Table 1 displays the frequency distribution 

of subject characteristics.  

The frequency distribution of 

subject characteristics by age is revealed in 

Table 1; all 124 subjects fell within the age 

range of 26 to 45 years, the eldest subject 

was 45 years old, and the youngest 

individual was 26 years old. The majority 

of the population was female (72 people, or 

58.1%), while the remaining were male (52 

people, or 41.9%). Based on a report or 

acknowledgment of the subject’s weight 

and height, nutritional status was computed 

using the Body Mass Index (BMI). Of the 

subjects, 58 individuals (46.8%) had a 

normal nutritional status, while 8 

individuals (6.5%) had an undernourished 

nutritional status. The sample with the 

lowest nutritional status weighs 16.3 

kg/m2, and the sample with the most 

significant nutritional status weighs 35.5 

kg/m2. Most of the participants had 

Diploma / Bachelor / Postgraduate degrees, 

or 92 individuals (74.2%), and on the other 

hand, the remaining participants were 

Senior High School equivalent degrees, or 

32 people (25.8%). During the COVID-19 

pandemic, the majority of the samples 

continued to work without changes, 

directly to the workplace (79 people, or 

63.7%), and the remainder worked full-

time remotely (45 people, or 36.3%). The 

average monthly income was 

predominantly 2,500,000 IDR (59 people, 

or 47.6%), and the remainder were between 

500,000 and 1,000,000 IDR (28 people, or 

22.6%).  
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Figure 1. Flowchart of the Sampling Process 

 

 

Table 1. Subject Characteristics 
Subject Characteristics 

 

Frequency 

(n) 

Percentage 

(%) 

Age   

26-45 years old 124      100% 

Gender   

Male 52     41.9% 

Female 72     58.1% 

Nutrition Status   

Undernourished 8    6.5% 

Normal  58    46.8% 

Overweight  54   43.5% 

Unknown 4    3.2% 

Last Education   

 Diploma/Bachelor's Degree/Postgraduate 92   74.2% 

 High school/equivalent 32   25.8% 

How to work during the COVID-19 pandemic   

 Working full-time remotely 45   36.3% 

 Working without change (straight to the workplace) 79   63.7% 

Average Income per Month   

≥2.500.000 59   47.6% 

1.000.000 - <2.500.000 37   29.8% 

500.000 - 1.000.000 28   22.6% 

Knowledge 

Table 2. Knowledge Level

Knowledge Level 

 

Frequency 

(n) 

Percentage 

(%) 

Less  37 29.8 

Fair-Good 87 70.2 

Total 124 100 

Table 2 shows that most subjects had a moderately decent knowledge level, comprising 87 individuals 

(70.2%). Fair-good knowledge of dietary intake recommendations indicated that subjects comprehend the 

meaning of dietary intake recommendations, what foods should be increased/restricted, recommended 

portions of carbohydrates, animal side dishes, vegetable side dishes, vegetables and fruits in a day, and 

types of vitamins and minerals that played   a role in enhancing the immune system. 

 

Food Availability 

Table 3. Food Availability Level 

Food availability level  

 

Frequency 

(n) 

Percentage 

(%) 

Less 15 12.1 

Good 109 87.9 

Total 124 100 
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Table 3 demonstrates that the food availability level of the vast majority of subjects, 109 individuals 

(87.9%), fell within an acceptable range. A subject’s food availability was regarded as good if, in the last 

12 months, they never experienced running out of food, not eating a balanced diet, running out of money 

to purchase food, or reducing meal portions. 

 

Food Selection Attitude 

Table 4. Food Selection Attitude Level 

Food selection attitude  

 

Frequency 

(n) 

Percentage 

(%) 

Less 6 4.8 

Good 118 95.2 

Total 124 100 

 

According to Table 4, 118 (or 95.2%) of the subjects exhibited food selection attitudes that fell into the 

good category. A good food selection attitude was determined by several factors, including consuming 

various foods in proportion to the body's requirements, maintaining regular eating habits, and reducing 

cigarette and alcohol consumption during the COVID-19 pandemic.

Relationship between Knowledge and 

Food Selection Attitude 

Table 5. Relationship between Knowledge and Food Selection Attitude 

Knowledge 

Food Selection Attitude 
Total 

P value Less Good 

N % N % N % 

Less 3 2.4 34 27.5 37 29.9 

 50.0%  28.8%  29.9%  

Fair-Good 3 2.4 84 67.7 87 70.1 

 50.0%  71.2%  70.1%  

Total 6 4.8 118 95.2 124 100 

 100.0%  100.0%  100.0%   

*Correlation Test Fisher Exact 

The analysis presented in Table 5 indicated no correlation between knowledge and food selection 

attitude (p=0.362). Although the statistical analyses revealed no significant correlation between knowledge 

and food selection attitudes, there was a 50.0% correlation between inadequate knowledge and poor food 

selection attitudes. If knowledge was sufficient, attitudes towards food selection were also good (71.2%). 

 

Relationship between Food Availability 

and Food Selection Attitude 

 

Table 6: Relationship between Food Availability and Food Selection Attitude 

Food 

Availability 

Food Selection Attitude 
Total 

P value Less Good 

N % N % N % 

Less 1 0,8 14 11.3 15 12.1 

 16.7%  11.9%  12.1 %  

Good 5 4,0 104 83.9 109 87.9 

 83.3%  88.1%  87.9%  

Total 6 4,8 118 95.2 124 100 

 100.0%  100.0%  100.0%   
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*Correlation Test Fisher Exact 

Table 6 demonstrates no relationship between food availability and food selection attitude 

(p=0.547). However, there was a tendency that when food availability was limited, the level of food 

selection attitude was also lower (16.7%). On the other hand, if food availability was sufficient, the food 

selection attitude tended to be good (88.1%) despite no statistical relationship between the two. 

 

DISCUSSION 

Relationship between Knowledge and 

Food Selection Attitude 

 The Fisher-Exact correlation test 

analysis of the relationship between 

knowledge and food selection attitudes 

revealed no correlation between 

knowledge and food selection attitudes 

(p=0.362). The test findings indicated a 

correlation that was not statistically 

significant; however, subjects with a high 

level of knowledge tended to have good 

attitudes toward food selection. Attitudes 

and behaviors regarding food consumption 

are correlated with nutrition and health 

knowledge. Those with greater knowledge 

generally have better attitudes and 

behavior toward food selection [20]. 
Nonetheless, attitudes and dietary 

preferences were contingent on knowledge 

and environmental factors [21]. 

 

Relationship between Food Availability 

and Food Selection Attitude 

The Fisher-Exact correlation test 

analysis of the relationship between food 

availability and food selection attitudes 

revealed no correlation (p=0.547). Subjects 

with sufficient food availability tend to 

have a good attitude toward food selection. 

Contrary to the findings of Story in 

Mohammad and Madanijah (2015), the 

study results indicated a correlation 

between food availability at home and 

consumption of vegetables and fruits. It is 

because food availability factors were not 

only related to food selection attitudes, and 

having sufficient food availability does not 

guarantee that an individual will choose 

healthy foods [22]. 

 According to the findings of 

Aprillia and Dieny (2011), there was no 

correlation between the availability of 

healthy and harmful foods and attitudes 

toward refreshment selection. This 

suggests that food availability is not the 

sole factor associated with food selection 

attitudes; thus, adequate food availability 

does not guarantee the selection of healthy 

foods [23]. Several factors, including 

individual characteristics, such as age, 

gender, education level, level of 

knowledge, and psychological condition; 

food characteristics, such as organoleptic 

properties of food, food storage methods, 

ease of digestion, and food availability; and 

environmental characteristics, such as food 

temperature affected food selection 

attitudes [24]. The fact that most research 

results on subject characteristics related to 

food availability are classified as adequate 

do not guarantee that an individual could 

determine a good food selection attitude. 

 

CONCLUSIONS 

Knowledge occasionally results in 

good food selection attitudes. Good food 

selection attitudes are not the only factor 

determining adequate food supply. Other 

factors affecting food selection attitudes 

include the motivation to live a healthful 

lifestyle, the environment, and culture. 

During the COVID-19 pandemic, these 

factors were additional determinants 

associated with food selection attitudes and 

food availability. Consequently, it is 
necessary to analyze other factors affecting 

the research variables. 
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ABSTRACT 

Elevated malondialdehyde (MDA) levels indicate the occurrence of cell membrane oxidation. 

Calorie restriction is known to extend life expectancy. This study aims to investigate the effect of 

calorie restriction on MDA levels in young and old rats. An experimental approach was employed 

using the Rattus norvegicus Wistar strain as the experimental animals, with a pre-post-test control 

group design. A total of 28 white rats were included in this study and were divided into four groups. 

The control groups, Group A and Group B, received standard feed and unrestricted access to distilled 

water, while the treatment groups, Group C and Group D, were fed with a 40% reduction in calorie 

intake and distilled water. Data analysis was performed using SPSS 21.0 (SPSS, Inc., Chicago, IL) 

with a 0.05 significance level. The results showed a difference in MDA level changes between group 

B (control group) and group D (treatment group) (p<0.05). This study concludes that MDA levels are 

higher in the elderly compared to young rats, and a 40% calorie restriction can reduce MDA levels 

Keywords: energy restriction, malondialdehyde, Rattus novergicus 

_________________________________________________________________________________ 

 

INTRODUCTION 

 The aging process is a complex 

physiological mechanism, and numerous 

theories about the aging process have been 

proposed by many experts. These theories 

continue to evolve, but no single theory 

can comprehensively explain the aging 

process [1]. However, theories often 

support and complement one another. One 

theory that has recently been widely 

embraced and trusted in understanding the 

aging process is the free radical theory, 

initially proposed by Denham Harman in 

1956. In modern aging theory, this theory 
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is called the oxidative stress theory 

[2,3,4]. Oxidative stress refers to an 

imbalance between the production of 

oxidants and the capacity of detoxification 

by antioxidants, causing functional 

disturbances at the cellular and molecular 

level [2,4,5] Free radicals formed due to 

oxidative stress play a crucial role in 

causing damage to cell function and cell 

survival. These free radicals include 

superoxide anions, hydroxyl, peroxyl, and 

purine radicals, which are produced 

during normal cell metabolism. In 

addition, free radicals are also formed 

through mitochondrial respiration, auto-

oxidation of biomolecules, and 

environmental pollutants and radiation 

[6]. 

 Reactive oxygen species (ROS), 

which are compounds that contain one or 

more unpaired electrons, have the 

potential to cause cell damage, including 

mitochondria. Increased ROS levels result 

in the cessation of cell replication 

(replication arrest or replication 

senescence), leading to impaired cell 

viability and aging [1,9]. This process 

gradually affects the structure and 

function of all systems, which decreases 

the adaptive capacity and increases 

mortality and morbidity. Humans 

naturally have complex antioxidant 

systems, both enzymatic and non-

enzymatic, which synergistically protect 

cells and organ systems from damage 

caused by free radicals. Despite this 

natural antidote system, some free radicals 

still escape. Moreover, the endogenous 

antioxidant levels decline with age, 

exacerbating the impact of oxidative stress 

[2] 

 Oxidative stress can be 

measured by the specific end products of 

the process (specific end products), as free 

radicals have a short lifespan in 

circulation. In the body, free radicals most 

often attack and destroy unsaturated fatty 

acids [3]. Lipid peroxidation occurs when 

lipids react with free radicals, resulting in 

the formation of lipid peroxides. This lipid 

peroxide will induce endothelial damage 

and inflammatory response, inhibit 

vasodilation, and activate macrophages. 

The decomposition of lipid peroxide 

forms several byproducts, including 

malondialdehyde [MDA]. High 

concentrations of malondialdehyde 

indicate the process of cell membrane 

oxidation [2,4,6]. 

 Robertson et al. suggested that 

caloric restriction can slow oxidative 

damage in aging animals [7]. Caloric 

restriction has been studied on various 

organisms, including flies, worms, fish, 

and rats, and has been found to maximize 

life expectancy. Calorie restriction is an 

act of reducing calories without depriving 

the individual of nutrients [8]. Research 

on 20 adult rats over a period of seven 

weeks conducted by Chuansuo et al. 

showed a decrease in MDA levels. [9] 

Similarly, Ilyasova conducted research on 

humans for two years and found a 

decrease in oxidative stress levels, as 

assessed by F2-Isoprotanes levels 

measured in urine samples.[10] 

 Harianja in his research entitled 

“The Effect of Calorie Restriction on 

Hydrogen Peroxide Levels and Blood 

Glucose Levels in Old Rats” found that 

the hydrogen peroxide levels in the control 

were higher compared to rats receiving 

calorie restriction treatment.[11] 

 Based on the aforementioned 

information, previous studies have 

investigated the effects of caloric 

restriction on different organisms, 

including mice. This prompts researchers 

to conduct further investigations by 

measuring levels of malondialdehyde 

(MDA) before and after caloric restriction 

treatment in both old and young rats. The 

selection of these two age groups is based 

on the theory proposed by Mao et al., 

which suggests that free radical levels 

increase with age. Therefore, this study 

aims to determine whether the effects of 

caloric restriction on malondialdehyde 
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levels differ between old and young rats 

[2] 

RESEARCH METHOD 

 

Design/Research Design 

 This research has received 

ethical approval with reference number 

656/UN4.6.4.5.31/PP36/2021 from 

Hasanuddin University Health Research 

Ethics Committee, Faculty of Medicine. 

The research was carried out in 

accordance with the research code of 

ethics. 

 This research is an experimental 

study conducted on male white rats Rattus 

norvegicus Sprague Dawley strain. The 

study employed a pre-post test with a 

control group design, comparing the 

results of observations in the experimental 

and control groups. The study specifically 

focused on investigating the effects of 

treatment on both old and young rats, with 

one group receiving the treatment and the 

other group serving as the untreated 

control.  

 

Data Source 

 Maintenance and administration 

of animal interventions were carried out at 

the Biopharmaceutical Laboratory, 

Faculty of Pharmacy, University of 

Hasanuddin, Makassar. Energy restriction 

procedures were carried out at the 

Entomology Laboratory, Faculty of 

Medicine, University of Hasanuddin, 

Makassar. A 40% calorie restriction was 

carried out on the experimental animals by 

modifying their standard feed. The 

standard feed for experimental animals 

not subjected to energy restriction was 

Van Der Vour feed, at a quantity of 15-20 

grams/day with moderate water intake. 

The composition of Van Der Vour’s 

standard feed includes 20% protein, 7% 

fat, fiber 15-20%, calcium 1%, and 

phosphorus. Following the energy 

restriction implementation, the total 

normal energy requirement was reduced 

by 40%. 

 

Research Objectives 

 The research samples used were 

male white rats (Rattus norvegicus) of the 

Sprague strain, aged 3-5 months and 12-

15 months, with an average weight of 145 

grams and 250 grams in healthy condition. 

These rats were obtained from the 

Veterinary Laboratory, Faculty of 

Medicine, Hasanuddin University. The 

number of samples used was 28 rats. The 

sample size was determined according to 

the one-way ANOVA comparison group 

design. 

 Prior to the experiment, cage 

adaptation (acclimatization) was carried 

out for seven days. During this period, all 

groups of mice were given a standard feed 

of approximately 15-20 grams/day and 

given enough drink. The cages were 

cleaned every day. To maintain a stable 

environment, the rats were placed in a 

room with sufficient air circulation and 

maintained at standard room temperature 

(±20-280C) with a humidity level of 

50%±10%. The room lighting was set in a 

12-hour dark and 12-hour light cycle. The 

body weight measurement of all groups of 

rats was recorded every week. A total of 

28 rats were divided into four groups, with 

seven rats per group. Control groups A 

and B received standard feed, while 

treatment groups C and D were treated 

with a 40% energy restriction for seven 

weeks. The 40% energy restriction is 

carried out every week after weighing the 

treatment groups C and D 

 

Development of Instruments and Data 

Techniques Collection 

 Body weight was measured 

every week using an animal scale.
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Figure 1. Weighing of young animals                 Figure 2. Weighing of old animals 

        

Data Technique Analysis 

 Data processing techniques used 

the SPSS application program with a 

significance of ≤ 0.05. The measurement 

results were presented in the form of 

narration and tables. The research data 

were then analyzed statistically using the 

one-way ANOVA (Analysis of Variance) 

test method, followed by Bonferonni post 

hoc test to determine the differences 

between groups. To compare the pre- and 

post-treatment data, the Paired Sample T 

Test was used for normally distributed 

data and the Wilcoxon test for non-

normally distributed data. 

. 

RESEARCH RESULT 

Statistical Test Result for 

Malondialdehyde (MDA) Levels in Rats 

 

 Based on Table 1 and Figure 3, 

the average change in rat MDA levels 

decreased in group A (Young Age 

Control) by 0.042µg/mL with a p-value of 

0.162 > 0.05, so it can be concluded that 

the average MDA level in group A was not 

significant. In group B (old age control) 

there was an average increase in MDA 

levels of 049µg/mL with a p-value <0.05. 

This indicates a significant difference in 

the average MDA level in Group B. In 

group C (Young Age Treatment) the 

average MDA level decreased by 

0.054µg/mL with a p-value of 0.022 

<0.05. it can be concluded that the average 

MDA level in Group C is statistically 

significant. In group D (Old Age 

Treatment), the average mean change in 

MDA levels decreased by 0.137µg/mL 

with a p-value of <0.001. This suggests a 

significant difference in the average MDA 

levels in Group D. (Table 1 and Figure 3) 
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Table 1. Malondialdehyde (MDA) levels in rats by group 

                                                   MDA Levels (Mean±SD) 

            
Group         Pre Test          Post Test        Perubahan      p 
 

A 0.239±0.086 0.197±0.062 0.042±0.071 0.162 

B 0.195±0.044 0.245±0.039 0.049±0.049 0.039 

C 0.275±0.075 0.222±0.061 0.054±0.047 0.022 

D 0.348±0.046 0.211±0.028 0.137±0.029 <0.001 

 

Figure 3: Malondialdehyde (MDA) Levels in Rats by Group 

 
 

 Based on the paired sample t-

test, there was no significant difference in 

the average malondialdehyde (MDA) 

levels within the control group (both old 

and young). Both groups showed a slight 

increase in MDA levels, with an average 

change of 0.003 µg/mL and a p-value of 

0.876 (>0.05). In contrast, the treatment 

group (both old and young) demonstrated 

a significant reduction in MDA levels, 

with an average change of -0.095 µg/mL 

and a p-value of <0.001. 

 The one-way ANOVA statistical 

test revealed no significant difference in 

the average change of MDA levels 

between the young and old age groups. 

The average change in MDA levels was a 

decrease of 0.048 µg/mL in the young age 

group and a decrease of 0.043 µg/mL in 

the old age group. The p-value was 0.884 

(> 0.05), indicating no significant 

difference. 

 Comparing group A (Young 

Age Control) and group C (Young Age 

Treatment), both showed an average 

decrease in MDA levels of 0.042 µg/mL 

and 0.054 µg/mL, respectively. The p-

value obtained was 0.974 (>0.05), 

suggesting no significant difference in the 

average MDA levels between the two 

groups. 

 However, there was a significant 

difference in the changes in MDA levels 

between group B (Old Age Control) and 

group D (Old Age Treatment). Group B 

exhibited an average increase in MDA 

µ
g/

m
L 
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levels by 0.049 µg/mL, while group D 

showed an average decrease in MDA 

levels by 0.137 µg/mL. The obtained p-

value was < 0.001, indicating a significant 

difference in the average MDA levels 

between the two groups. 

 

Table 2. Differences in Changes of Malondialdehyde (MDA) Levels in Model Rats 

Between Groups 

 Difference of MDA Levels (Pre test-Post test) 

Group n Mean ±SD p Value* 

 

A (Young Age Control) 7 0.042±0.071 0.013 

B (Old Age Control) 7 
0.049±0.049 

 

A (Young Age Control)) 7 0.042±0.071 0.974 

C (Young Age Treatment) 7 0.054±0.047  

A (Young Age Control) 7 0.042±0.071 0.011 

D (Old Age Treatment) 7 0.137±0.029  

B (Old Age Control) 7 0.049±0.049 0.005 

C (Young Age Treatment) 7 0.054±0.047  

B (Old Age Control) 7 0.049±0.049 <0.001 

D (Old Age Treatment) 7 0.137±0.029  

C (Young Age Treatment) 7 0.054±0.047 0.029 

D (Old Age Treatment) 7 0.137±0.029  

Young Age 14 0.048±0.058 0.884 

Old Age 14 0.043±0.104  

treatment 14 0.095±0.057 0.001 

Control 14 0.003±0.075  

 
__ 
 

 Based on the results of the one-

way ANOVA statistical test, there was no 

significant difference in the average 

change of MDA levels between old and 

young age groups. In the young age 

groups, there was an average decrease in 

MDA levels of 0.048 µg/mL, while in the 

old age group, there was a decrease in 

MDA levels of 0.043 µg/mL. The 

obtained p-value was 0.884 (> 0.05), 

indicating that the difference in average 

MDA levels was not significant. 

 Comparing the changes in 

MDA levels between group A (Young 

Age Control) and group C (Young Age 

Treatment), both groups showed an 

average decrease in MDA levels of 0.042 

µg/mL and 0.054 µg/mL, respectively. 

The p-value obtained was 0.974 (> 0.05), 

indicating that the difference in average 

MDA levels was not significantly 

different. However, there was a 

significant difference in changes in MDA 

levels between group B (old age control) 

and group D (old age treatment). Group B 

exhibited an average increase in MDA 

levels of 0.049 µg/mL, while group D 

showed an average decrease in MDA 

levels of 0.137 µg/mL. The obtained p-

value was < 0.001, indicating a 

significant difference in the average 

MDA levels between the two groups. 
 

DISCUSSION 

Effect of Energy Restriction on 

Malondialdehyde (MDA) Levels in Rats 

 The study results showed 

changes in the malondialdehyde (MDA) 

levels in rats after 7 weeks of energy 

restriction. In Group A (Young Age 

Control), there was a decrease in the 

average MDA levels. However, in Group 
B (Old Age Control), Group C (Young 

Age Treatment), and Group D (Old Age 

Treatment), there was an increase in the 

average MDA levels. Specifically, in the 

control group (both old and young), there 

was an average increase in MDA levels 
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of 0.003 µg/mL, while in the treatment 

group (both old and young), there was an 

average decrease in MDA levels of 0.095 

µg/mL. 

 

Differences in Level Changes 

Malondialdehyde (MDA) in Inter-

Group Model Rats 

 There were significant 

differences in the average 

malondialdehyde (MDA) levels observed 

in each group. In Group A (Young Age 

Control), there was an average decrease 

in MDA levels by 0.042 µg/mL, while in 

Group C (Young Age Treatment), there 

was an average decrease in MDA levels 

by 0.054 µg/mL. Furthermore, there was 

a difference in the changes in MDA levels 

between Group B (Old Age Control) and 

Group D (Old Age Treatment), with 

Group B showing an average increase in 

MDA levels of 0.049 µg/mL, and Group 

D showing an average decrease in MDA 

levels of 0.137 µg/mL. 

 Based on the analysis results, it 

can be concluded that energy restriction 

has an impact on MDA levels in rats, both 

at a young age and an old age. At a young 

age, the body has a natural ability to 

produce antioxidants, which help 

counteract the production of free radicals 

from both internal and external sources. 

In a healthy state, the body has 

mechanisms, such as enzymatic 

antioxidants (SOD) and Vitamin E, to 

maintain a balance between MDA levels 

and antioxidants. 

 A study by Hofer and Riordan 

has shown that caloric restriction, leading 

to weight loss, can significantly reduce 

oxidative damage to DNA and RNA in 

white blood cells, as well as improve left 

ventricular diastolic function (12). MDA, 

as the end product of lipid peroxidation, 

can serve as an indirect measure of lipid 

peroxidation accumulation. While 

experimental animal studies have shown 

a relationship between Superoxidase 

(SOD) and MDA with age, further 

research and epidemiological studies are 

needed to explore the associations of 

SOD or MDA with causes of death in the 

older age group (2). 

 
 

CONCLUSION 

 Based on the findings of the 

study, it can be concluded that 

implementing a 40% energy restriction 

for seven weeks resulted in a reduction of 

malondialdehyde (MDA) levels in both 

young and old rats. 
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ABSTRACT 

Cancer prevalence is steadily increasing each year and becomes the second leading cause of death 

worldwide. In Indonesia, breast cancer had a prevalence of 16.7% in 2018. Free radicals contribute 

to the occurrence of breast cancer, while antioxidants play a vital role in protecting cells and repairing 

the damage caused by free radicals. Ihau, an endemic fruit in Kalimantan Island, contains 

phytochemical compounds with potential antioxidant and anticancer properties. Utilizing local food 

as natural antioxidants could serve as an alternative for breast cancer prevention and treatment. This 

study aims to assess the anticancer potential of Ihau fruit extract on the MCF-7 breast cancer cell 

line. A post-test-only control group design method using the MTT assay was used. The two treatment 

groups were water and 96% ethanol extract, with four different concentrations (125, 250, 500, and 

1000 ppm), and each was replicated three times. Statistical analysis using the ANOVA test found no 

significant difference among all concentrations. The IC50 values of the cytotoxic activity of water 

and ethanol extracts were 1,197.7 ppm and 1,148 ppm, respectively. It can be concluded that both 

water and ethanol extract of Ihau fruit exhibited very weak cytotoxic activity. 

Keywords: antioxidant, cancer, cytotoxicity, Ihau fruit, MTT assay 

 

ABSTRAK 

Setiap tahun, prevalensi kanker terus meningkat dan menjadi faktor penyebab kematian nomor dua 

di dunia. Pada tahun 2018, prevalensi kanker payudara di Indonesia sebanyak 16,7%. Radikal bebas 

merupakan salah satu penyebab terjadinya kanker payudara. Antioksidan merupakan suatu senyawa 

yang mampu menangkal radikal bebas. Buah Ihau merupakan buah endemik khas Kalimantan yang 

diketahui memiliki kandungan senyawa fitokimia yang berpotensi sebagai antioksidan dan 

antikanker. Pemanfaatan bahan pangan lokal sebagai antioksian alami dapat menjadi suatu alternatif 

pencegahan dan penanganan kanker payudara. Penelitian ini bertujuan untuk mengetahui potensi 

ekstrak daging buah Ihau sebagai agen antikanker pada sel kanker payudara MCF-7. Metode post-

test only control group design dengan MTT assay dilakukan pada dua kelompok perlakuan ekstrak 

air dan etanol (konsentrasi 125, 250, 500, dan 1000 ppm) dengan tiga kali pengulangan. Analisis data 
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menggunakan One-Way ANOVA menunjukkan bahwa tidak ada perbedaan pada seluruh 

konsentrasi. Nilai IC50 aktivitas sitotoksik ekstrak air dan etanol masing-masing sebesar 1.197,7 

ppm dan 1.148 ppm. Dapat disimpulkan baik ekstrak air maupun etanol daging buah Ihau memiliki 

aktivitas sitotoksik yang sangat lemah.    

Kata kunci: antioksidan, kanker, sitotoksisitas, buah Ihau, MTT assay 

 

INTRODUCTION 

Cancer is a major health problem 

and the second leading cause of death after 

cardiovascular disease in the world, 

accounting for around 10 million deaths in 

2020 (1). In Indonesia, the prevalence of 

cancer in people of all ages exceeds one 

million people (2). Breast cancer is one of 

the most common cancers. Breast cancer 

is a type of cancer, originating from the 

ductal epithelium or its lobules (3). 

According to the 2018 Global Cancer 

Observatory Data, breast cancer is a 

leading cancer case in Indonesia with a 

prevalence of 16.7% (4). Breast cancer 

can be treated with chemotherapy 

treatment, using drugs and natural 

ingredients that contain antioxidants and 

have the potential as chemo-preventive 

agents (5). 

Cell damage caused by free 

radicals is a known factor causing various 

conditions, from premature aging to 

diseases such as cancer and coronary heart 

disease (6). Antioxidants are compounds 

that can counteract the negative effects of 

excess oxidants in the body. Naturally, 

antioxidants are found in food with 

phenolic structures, particularly 

flavonoids. Synthetic antioxidants can 

also be added to foods to prevent damage 

to the taste, smell, and color. However, 

previous studies indicated potential toxic 

effects in synthetic antioxidants; thus, 

their use has been limited to date (7,8). 

Therefore, exploring and developing 

natural food sources with antioxidant 
properties becomes an alternative solution 

worth investigating. 

Ihau fruit (Dimocarpus longan 

var. malesianus Leenh.) is an endemic 

fruit grown in East Kalimantan, Indonesia. 

Ihau fruit has a morphology similar to the 

longan fruit, but it is distinguished from 

the prominent nodules in the skin of the 

Ihau fruit (9). With a vitamin C content of 

66.9 mg/100 g (10), Ihau fruit has the 

potential as an antioxidant due to its 

phenolic and flavonoid content. A 

previous study has demonstrated the 

antioxidant activity of Ihau fruit extract, 

with an IC50 value of 698.3 µg/ml for fruit 

water extract and 681.05 µg/ml for the 

ethanol extract (11).  

The polyphenolic and phenolic 

compounds in Ihau fruit, such as gallic 

acid, gallic acid, flavone glycosides, 

quercetin glycosides, and kaempferol, 

contribute to its anticancer potential and 

anti-tyrosinase activity (12). Quercetin 

acts as an immunomodulator and activates 

signal transduction pathways to inhibit 

cancer cell proliferation and induce cancer 

cell apoptosis (13).  

In addition, phytochemicals 

present in Ihau fruit exhibit antibacterial 

properties. Flavonoids can inhibit 

bacterial growth by targeting DNA gyrase, 

while the hydroxyl groups of flavonoids 

lead to changes in organic components 

and nutrient transport in bacteria (14, 15). 

Quercetin can denature proteins in 

bacteria, leading to reduced bacterial 

metabolism and bacterial growth 

inhibition (16). Therefore, this study aims 

to investigate the potential cytotoxic 

activity in aqueous and ethanol extracts of 

Ihau fruit flesh on the MC7 breast cancer 

cell line. 
 

METHODS 

Study Design 
 This study utilized an in vitro true 

experimental laboratory approach using a 
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post-test-only control group design. The 

Ihau fruit used was obtained from Ihau 

fruit suppliers in Melak District, West 

Kutai Regency, East Kalimantan, 

Indonesia. Ihau fruit was extracted by 

maceration method using two different 

solvents, water and 96% ethanol. The 

cytotoxicity effect was assessed using an 

MTT assay. 

 

Material preparation 

 Ihau fruits were selected on 

specific criteria: not slimy, not rotten, 

having yellow to brown skin surface color, 

and no change in aroma and foreign 

matter. Then, the fruits were separated 

from the skin and seeds to obtain the 

whole flesh. The flesh was squeezed and 

chopped before being dried using a food 

dehydrator at 75°C for 2 hours (17). The 

dried material was ground using a blender 

to reduce the particle size and ensure 

homogeneity, which increases the surface 

area and enhances the extraction process, 

allowing for better penetration of the 

extraction solvent into the cells to extract 

more bioactive compounds (18). 

 

Extraction process 

 For the water solvent extraction, 

a total of 500 ml distilled water was boiled 

to 100°C and then allowed to stand to a 

temperature of 70-80°C. As much as 125 

grams of powdered material was added to 

the distilled water in a ratio of 1:4, stirred 

for 30 minutes, and filtered using filter 

paper to obtain the filtrate. The filtrate was 

centrifuged at 10 rpm for 10 minutes. 

Then, the result was evaporated in an oven 

at 100°C to remove the water solvent and 

obtain a thick extract. The characteristics 

of the thick extract included a very small 

amount of water content, not in a paste 

form, and no liquid residue when rubbed 

against a paper towel. The final extract 

weighed 54.55 g.  

 For the ethanol solvent, a total of 

113 grams of powdered material was 

macerated with 791 ml of 96% ethanol 

solvent in a ratio of 1:7 at room 

temperature for 7 days and stirred for 5 

minutes every day. Then, the mixture was 

centrifuged at 10 rpm for 10 minutes, and 

the supernatant was collected and distilled 

at a temperature range of 70-80°C, as 

ethanol has a boiling point of 78.6°C (19) 

to obtain a thick extract. To evaporate the 

remaining ethanol, the extract was heated 

until the smell of ethanol was gone, and 

the desired consistency was achieved. The 

weight obtained was 49.1 g of ethanol 

extract. 

 

Cytotoxicity test 

 MCF-7 cell lines were planted in 

100 ml of RPMI medium with a cell count 

of 5x104 cells/well. The solution was 

resuspended every time it filled 12 wells 

to ensure homogeneous distribution of 

cells (20). Then, the cells were incubated 

in a 5% CO2 incubator at 37oC for 24 

hours to obtain good cell growth (21) and 

allow for cell recovery after harvesting 

(20). After incubation, the microplate 

containing the cells was inverted, and the 

remaining liquid in the plate wells was 

drained using a tissue. The cells were then 

washed with 100 L of PBS once before 

being treated with four series of 

concentrations in the range of 125 ppm, 

250 ppm, 500 ppm, and 1,000 ppm. After 

that, the cells were placed in a CO2 

incubator for 24 hours. 

 MTT staining was performed by 

removing the culture medium containing 

the test compound and washing the cells 

with 100 μl of PBS. A total of 100 μl MTT 

was added to the culture medium at a 

concentration of 0.5 mg/ml. The 

microplate was put in a CO2 incubator for 

4 hours. To stop the MTT reaction, 10% 

SDS (in 0.01 N HCl) was added to the 

media containing 100 μl of MTT and 

incubated at room temperature for 12 

hours, with the microplate covered in 

aluminum foil (20). After 4 hours of 

incubation, observations were made by 

observing the purple formazan crystals 
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formed under a microscope (21). To 

dissolve formazan, the microplate was 

shaken on a shaker at 100 rpm for 10 

minutes. The absorbance results were then 

read using an ELISA reader at a 

wavelength of 570 nm. The resultant cells 

that were still alive would produce a 

purple color in response to MTT (20). 

Statistical analysis 

 Cytotoxic activity was assessed 

by determining the IC50 value, which is a 

concentration that causes the death of 50% 

of the cell population (22). The percentage 

of inhibition of cancer cell proliferation 

was determined by using the following 

formula: 

Treatment[abs] − Media Control [abs]

Negative Control [abs] − Media Control [abs]
 x 100% 

*abs = absorption 

 Regression curves were 

generated using the sample concentration 

data (x) and the percentage inhibition of 

cancer cell proliferation (y) to obtain the 

regression equation and the R2 value (20). 

The IC50 value was obtained from the 

regression equation, y=ax+b. A smaller 

IC50 value indicates a higher cytotoxic 

activity. Table 1 shows the toxicity 

characteristic cut-off values for IC50 

value. 

Table 1. IC50 value category on 

cytotoxic compounds 

IC50 Value Category 

<100 μg/ml Potentially 

cytotoxic 

100 – 1000 μg/mL Moderately 

cytotoxic 

>1000 μg/mL No toxic 

 

To detect statistical differences 

across the treatment groups, a one-way 

ANOVA test was performed. The 

significance level used was a p-value of 

<0.05. All data were analyzed using SPSS 

version 25. 

 

RESULTS 

This study aimed to determine the 

potential toxicity of water and ethanol 

extract of Ihau fruit against MCF-7 breast 

cancer cell lines. In vitro cytotoxicity test 

is one of the research models commonly 

used to study the effect of anticancer 

molecules of a medicinal plant (23). 

Cytotoxicity tests were performed on 

water and ethanol extracts using 

concentrations of 125 ppm, 250 ppm, 500 

ppm, and 1000 ppm. The blank was used 

as a control solvent. Based on Table 2, the 

lowest percentage of alive MCF-7 cells 

were found in water and ethanol extract at 

the highest concentration, and vice versa, 

indicating an inverse correlation between 

extract concentration and percentage of 

alive cells. However, no significant 

difference was found among the four 

concentrations in both of water and 

ethanol extract. 

A linear regression curve (Figure 

1) was created based on the sample 

concentration and the percentage of alive 

MCF-7 cells (Table 2). The water extract 

exhibited an R2 value of 0.9969, meaning 

that 99.69% of the decrease in MCF-7 cell 

proliferation was influenced by the 

concentration of the sample, which acts as 

an antioxidant.

  
 

 

 

 

 

 

https://doi.org/10.21776/ub.ijhn.2023.010.01.7


Irma Sarita, dkk., In Vitro Evaluation of Cytotoxicity… 63 
 

DOI: https://doi.org/10.21776/ub.ijhn.2023.010.01.7 

 

Table 2. Absorbance Value to % Alive MCF-7 Cell Lines 

Sample 
Concentration 

(ppm) 
Mean Absorbance* % Alive Cells 

Blank 0.386 0.00 

125 0.333 86.90 

250 0.327 84.31 

500 0.307 74.25 

1000 0.271 56.91 

Blank 0.352 0.00 

125 0.308 71.74 

250 0.290 66.15 

500 0.285 63.88 

1000 0.264 53.66 
* Statistical analysis using One-way ANOVA 

 

     
Figure 1. Regression Curve of Ihau Fruit Sample Concentration Against % Alive MCF-7 Cell Lines (a) 

Water Extract (b) 96% Ethanol Extract 

DISCUSSION 

Ihau fruit, belonging to the 

Dimocarpus longan species, contains 

various potential nutrients that offer 

health benefits. According to a previous 

study, Ihau fruit contains a total of 66.9 

mg/100 g of vitamin C (10) and several 

secondary metabolites, such as flavones, 

quercetin, kaempferol, alkaloids, 

corilagin, ellagic acid, and flavonoids 

(12). Vitamin C and antioxidant contents 

present in Ihau fruit have the potential to 

suppress oxidative stress and improve 

the immune system. Flavonoids are 

antioxidant compounds that play a major 

role in inhibiting cancer cell growth by 

binding to the death receptor (TNF-R) 

and Fas-Associated Death Domain 

(FADD), which form the Death Inducing 

Signaling Complex (DISC). Then, the 

DISC complex activates caspase 8, 

which will stimulate the Bid protein, 

leading to Bax activation in the 

mitochondrial membrane and the release 

of cytochrome C as a proapoptotic 

molecule. Apoptosomes formed through 

the binding of cytochrome C with 

Apoptosis Activating Factor 1 (APAF-1) 

will trigger the process of apoptosis 

(24,25). In addition, quercetin acts as a 

metal ion chelating agent, namely Fe2+ 

and Cu2+ in the formation of free 

radicals (26). 
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However, the IC50 value 

obtained in this study showed that water 

and ethanol extract of Ihau fruit has very 

weak antioxidant activity. It can be due 

to the high sugar content in Ihau fruit. 

The antioxidant activity of an extract 

tends to decrease with higher sugar 

content, thereby impacting its ability to 

scavenge free radicals in the body (27). 

Sugar content in Ihau fruit increases 

during the ripening process, which 

consists of sucrose, fructose, and glucose 

(12). The sugar content in Dimocarpus 

longan fruits, including Ihau fruit, 

comprises polysaccharides with 16)-

α-D-glucan glycosidic bonds and a 

chemical shift from C6. The molecular 

weight of polysaccharide content is 108 

kDa, with a total glucose content of 661. 

Earlier study performed cytotoxicity 

tests on MCF-7 breast cancer cells and 

HepG2 liver cancer cells showed that the 

polysaccharide content had a cytotoxic 

effect on HepG2 cells and did not show 

cytotoxicity on MCF-7 cells (28). These 

findings align with the results of this 

study, which showed a low cytotoxic 

effect of Ihau fruit on MCF-7 breast 

cancer cells. 

In addition, the choice of the Ihau 

plant part used can also influence the 

level of antioxidant and anticancer 

potential. Ihau fruit and longan fruit 

belong to the Sapindaceous family and 

share similar morphological 

characteristics. Research on longan plant 

extracts, particularly ellagic acid, 

demonstrated high antioxidant levels in 

the leaf, stem, fruit skin, and seed 

extracts. From the results of the DPPH 

test, it showed that the highest source of 

antioxidants in longan plants was in the 

stem and leaf extracts. The antioxidant 

effect increased with higher extract 

concentrations, as evidenced by IC50 

values of 0.057 g/ml and 0.058 g/ml in 

the stem and leaf extracts, respectively. 

The total content of ellagic acid in the 

stem extract was 0.091 mg/g and 3.723 

mg/g in the longan plant leaf extract (29). 

Longan seed extract has the ability to 

scavenge free radicals. Factors that affect 

the content of phytochemicals and 

antioxidants in a plant vary, including 

the soil condition, varieties, genetics, 

pesticide use, environment, and harvest 

timing. However, the polysaccharide 

content in Ihau fruit is able to undergo 

methylation reactions, which can reduce 

its effectiveness as an anticancer agent in 

scavenging free radicals (12). 

The extraction method employed 

can also affect the anticancer ability of 

Ihau fruit. The maceration method used 

in this study involved stirring the 

material powder at room temperature 

and heating in an oven to obtain a thick 

extract. Although heating can accelerate 

the extraction process of phenolic 

compounds and flavonoids from fruit 

extracts, flavonoids are phenolic 

compounds with a conjugated aromatic 

system that are susceptible to damage at 

high temperatures. The prolonged 

extraction process has shown to decrease 

the total phenol and flavonoid content. 

The results of previous studies showed 

that high-pressure-assisted extraction 

(HPE) and ultrasonic waves were more 

effective than conventional extraction in 

extracting bioactive compounds from the 

longan pericarp. Optimizing the HPE 

extraction method at temperatures 

ranging from 30 to 90°C, durations of 2.5 

to 30 minutes, and pressures of 200 to 

500 mPa yielded a pericarp extract of 

longan fruit with cytotoxic abilities 

against HepG2, A549, and SGC7901 

cancer cells (12). 

The heating process employed 

after the extraction process to obtain a 

thick extract from water and ethanol 

solvents can also affect the antioxidant 

levels in the sample. Damage resulting 

from heating when drying material can 

be controlled by adjusting the 
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temperature and duration of the heating 

process. However, even with the correct 

temperature, the heating process can still 

potentially damage the antioxidant 

compounds contained in the material 

(29). Therefore, it is also thought to 

affect the total antioxidants in the 

sample. This study had some limitations, 

including the absence of analytical 

methods, such as proliferation test and 

Gas Chromatography/Mass 

Spectrometry (GC/MS) analysis to 

further investigate the anti-cancer 

potential of Ihau fruit. 

 

CONCLUSION 

Ihau fruit is one of the endemic 

fruits from Indonesia that need deeper 

research to find the potential health 

effects on human. The cytotoxic activity 

of water and ethanol extracts of Ihau fruit 

on MCF-7 breast cancer cells using the 

MTT assay method showed low 

cytotoxicity. This could be due to the 

high content of polysaccharides in Ihau 

fruit, the extraction method used, and the 

phytochemical compounds present in the 

extract. Even though no significant 

difference in the percentage of alive 

MCF-7 cells was found across different 

sample concentrations, as the sample 

concentration increased, the percentage 

of MCF-7 cell proliferation decreased. 

Further study should consider 

conducting anti-proliferation tests and 

analyzing the bioactive compounds 

using techniques such as using GC/MS 

to investigate the anti-cancer potential of 

the crude extract of compound contained 

in lhau fruit. 
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ABSTRACT 

Early detection of nutritional problems is a vital skill for individuals as it enables timely prevention 

before any symptoms arise. This skill can be fostered through enhancing knowledge, practicing skills 

via educational activities and mentoring, and seeking support from peers who share similar 

challenges. This study aims to investigate the impact of peer tutoring on the development of a 

balanced menu and healthy snack consumption based on fish and vegetables among 11th-grade 

female students at a state high school in Singosari, Malang Regency. This study examined the effect 

of these interventions on the intake of energy, protein, and iron among the participants. Data were 

gathered by collecting food consumption data using the 24-hour food recall method and measurement 

of weight, height, Hb, and Albumin levels. The study employed a purposive sampling technique by 

conducting pretest, intervention, and post-test. The results showed significant improvements in the 

health indicators of the participants, including knowledge, intake, Hb, and Albumin levels (p=0.000; 

α=0.005). These findings demonstrate the potential of education and mentoring through peer tutoring 

in promoting healthy eating habits and preventing nutrition-related problems among female 

adolescents.  

Keywords: diet, peer tutoring, anemia, hypoalbuminemia, adolescent 

 

           

INTRODUCTION 

Adolescent girls aged 10 to 19 

years old are going through a period of 

rapid physical growth and changes. 

Besides being highly active and engaged 

in various activities, including school, 

adolescent girls are also starting to 

experience monthly menstrual cycles and 

are preparing for reproductive health as 

future mothers. This critical period 

requires careful consideration of their 

nutrient intake. Middle and high school 

adolescents begin to become interested in 

idols and tend to copy their idols’ physical 

appearance or body image. This emulation 

sometimes leads to the reduction of food 

intake as a means of achieving a desired 
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appearance (Permaesih & Susilowati, 

2015; Pou et al., 2015). However, 

inadequate nutrient intake in adolescent 

girls can negatively affect health, such as 

an increased risk of giving birth to low 

birth weight babies (BAPPENAS, 2006). 

This situation requires attention from 

parents or trusted individuals close to 

these adolescent girls, especially in 

preparation for their future as mothers 

(Kemenkes, 2014). 

Inadequate nutrient intake often 

leads to the development of chronic 

energy malnutrition (CEM) in adolescent 

girls, characterized by hypoalbuminemia, 

thinness, and anemia. Compared to older 

age groups, this age group has a higher 

prevalence of CEM. The transitional 

period from childhood to adulthood brings 

about rapid physical, cognitive, and 

psychosocial changes in adolescents 

(Apriyanti, 2019). Insufficient 

consumption of energy, protein, and 

micronutrients during this phase can 

significantly contribute to nutritional 

issues, including CEM (Damayanti, 

2017). According to the 2018 Basic Health 

Research, the national prevalence of CEM 

risk in non-pregnant women of 

childbearing age is 14.5%. Among female 

students, as many as 54%-55% experience 

CEM, while the incidence of anemia 

among adolescent girls in the 15-24 age 

group is 48.9% (Sulistyoningsih, 2011; 

Kemenkes, 2016).  

Chronic Energy Deficiency (CED) 

can be identified through observable and 

measurable signs and symptoms. One 

such indicator is an Upper Arm 

Circumference (UAC) measuring less 

than 23.5 cm, which reflects nutrient 

availability in muscles and adipose 

tissues. CED occurs when a lack of 

nutrient intake, influenced by 

environmental and individual factors, 

leads to the depletion of the body’s 

nutrient stores as they are utilized to meet 

physiological demands. The prolonged 

persistence of this condition results in 

tissue deterioration (Supariasa et al., 

2012). Various factors influence the 

occurrence of CED, as highlighted by 

Permaesih (Permaesih, 2005).  These 

factors encompass food intake, activity 

levels, infectious diseases, nutritional 

knowledge, and family income. 

Meeting the nutritional needs of 

adolescents is of utmost importance due to 

its direct influences on their growth and 

development. Nutrients play a vital role in 

cellular growth, making it essential to 

ensure an adequate intake. Furthermore, 

eating patterns significantly impacts the 

growth and development of adolescents. 

Those with poor eating patterns face a 1.2 

times higher risk of developing anemia 

compared to their counterparts who follow 

regular and healthy eating patterns. 

Inadequate nutrient intake and unhealthy 

eating patterns contribute to low 

hemoglobin levels, adversely affecting 

overall health. Insufficient energy intake 

from macronutrients and micronutrients 

due to poor eating patterns can lead to the 

breakdown of proteins as a continuous 

energy source (Choudhary et al., 2015). 

To prevent nutritional problems 

such as anemia, hypoalbuminemia, and 

protein-energy malnutrition (PEM), 

maintaining a healthy diet is crucial. 

Consuming high-energy foods rich in 

protein and micronutrients like iron and 

vitamin C is essential. Several studies 

have demonstrated a direct correlation 

between energy, protein, and iron 

consumption and changes in hemoglobin 

levels. Therefore, it is crucial to educate 

adolescent girls about the importance of a 

balanced diet that includes adequate 

protein and iron sources such as fish and 

vegetable-based foods. Providing 

nutrition education to adolescents is vital, 

as it can increase their nutrition 

knowledge by 54.3% and equip them with 

the necessary skills and awareness to 

prevent nutritional problems (Choudhary 

et al., 2015). 
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Although Indonesia is a maritime 

country with abundant food sources, the 

consumption of fish in Indonesian society 

remains relatively low. One notable 

animal-based protein source is the 

Snakehead fish, scientifically known as 

Channa striata, which is frequently used in 

research due to its high protein and 

albumin content. The Snakehead fish 

belongs to the Channa genus and is 

commonly found in rivers and freshwater 

environments. Compared to plant-based 

protein sources, animal-based proteins 

offer a more complete profile of essential 

amino acids. Many studies have utilized 

Snakehead fish as a dietary component to 

enhance hemoglobin levels and improve 

overall nutritional status (Fajri et al., 

2020). 

A study conducted by Choudhary 

et al. (Choudhary et al., 2015) examined 

39 malnourished adolescent girls 

randomly selected from a group of 273 

girls across seven villages. The results 

revealed a significant relationship 

between protein intake and nutritional 

status. Similar findings were reported in a 

study conducted by Tri (Pujiatun, 2014) 

on adolescent girls, showing strong 

correlations between energy and protein 

consumption levels and the incidence of 

CED. Therefore, it is crucial to consider 

meeting nutritional needs during 

adolescence due to the increased demand 

for supporting physical and psychological 

growth and development, which undergo 

rapid changes during this period.   

The adequacy of protein intake can 

be assessed by measuring the level of 

albumin, as a storage protein in the body, 

which is related to changes in nutritional 

status. In protein-energy malnutrition 

cases, the levels of total protein and 

albumin in serum significantly decrease. 

Currently, the measurement of albumin 

levels is considered the gold standard in 

evaluating nutritional status conditions, 

and its indicative value increases when 

combined with prealbumin, transferrin, or 

cholinesterase. The synthesis of albumin 

and its level in plasma is very sensitive to 

protein intake. It can decrease drastically 

during periods of food shortage and 

increase when the deficiency is corrected 

(Oy et al., 2019). 

Studies have demonstrated that the 

consumption of snakehead fish can elevate 

albumin levels and enhance immune 

function. Snakehead fish contains a 

superior profile of essential and non-

essential amino acids compared to egg 

albumin. With its albumin content of 

62.24 g/kg, consuming 2 grams of 

snakehead fish every day can increase 

albumin levels in the blood by 0.6 to 0.8 

g/dl for 7-10 days. 

Based on the above discussion 

regarding anemic adolescent girls, this 

study aimed to investigate how nutritional 

education about fish and vegetable-based 

innovative food products through peer 

tutoring can help increase their nutritional 

knowledge, dietary intake, Hb, and 

Albumin level. The study also evaluated 

the effectiveness of providing education 

and mentoring on implementing a 

balanced menu and fish and vegetable-

based snacks in raising awareness of 

nutrition problems in adolescents. 

 

RESEARCH METHOD 

 

Data Source 

This research was conducted at 

Singosari State High School, located in 

Malang Regency, Indonesia. The study 

was carried out between May and October 

2022. 

 

Research Participants 

The study focused on female 

students who exhibited undernutrition, 

defined as having Hb levels below 12 

g/dL, and/or BMI of 18.5 kg/m2 or less, 

and/or MUAC of 23.5 cm or less. Out of 

the 475 students screened, 47 students met 

the inclusion criteria and were selected as 

research participants. Inclusion criteria 
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included a willingness to participate from 

start to finish, an age range of 16 to 18 

years, and no history of underlying 

diseases or illnesses with specific 

prohibitions. Exclusion criteria were 

applied to exclude respondents who were 

absent at the research location more than 

three times during data collection and 

intervention, or who experienced illness 

during the study, as confirmed by a 

medical certificate. 

 

Instrument 

The primary objective of the 

training was to strengthen the capabilities 

of the cadres of “Prestasi,” the health 

affairs student body at Singosari High 

School, as peer tutors and agents of 

change in the field of adolescent health. 

The training covered crucial topics such as 

adolescent characteristics, balanced 

menus, healthy snacks, proper nutrition, 

common nutrition issues, and personal 

hygiene. Additionally, participants 

received reinforced training to improve 

their skills in conducting health screenings 

and anthropometric measurements, with a 

focus on height, weight, and upper arm 

circumference. 

 

Data Collection 

During the training, participants 

were taught how to measure adolescent 

nutrition and health knowledge, conduct a 

24-hour dietary recall, and distribute 

healthy snacks to their peers. Each health 

cadre was responsible for accompanying 

2-3 peers who faced nutrition-related 

problems. The accompaniment took place 

twice a week for a period of 2 months. The 

intervention involved education through 

accompaniment by the health cadres, who 

were selected and formed prior to the 

study, as well as by the research team. The 

aim was to familiarize adolescents with 

consuming healthy meal menus and 

providing healthy snacks based on 

snakehead fish and vegetables. 

 

Data Analysis 

Pre- and post-intervention 

assessments included measurements of 

adolescent nutrition and health 

knowledge, a 24-hour dietary recall, and 

anthropometric measurements (height, 

weight). Data collection involved various 

methods, including a questionnaire form 

to identify anemic adolescent girls, an 

informed consent form to obtain 

participants’ willingness to participate, 

and a 24-hour food recall form. Food 

consumption data were collected using the 

2x24-hour food recall method, which 

utilized the use of food images and 

household measurement units converted 

to weight (grams). Anthropometric data, 

such as height and weight, were collected 

through measurement and weighing. 

Furthermore, the process of 

creating snacks based on the Snakehead 

Fish (Channa striata) was carried out at the 

Center of Excellence Laboratory of the 

Health Polytechnic of the Ministry of 

Health in Malang. Acceptance tests were 

conducted in March 2022 for three snack 

products based on Snakehead Fish, 

resulting in changes in weight and 

quantity for each product. Siomay was 

adjusted to 5 pieces weighing 25 g each, 

while nuggets remained at 3 pieces 

 

RESULT 

A total of 47 female students were 

assessed for student knowledge, 

hemoglobin (Hb) level, and albumin level. 

Knowledge 

Student knowledge data, collected 

through a questionnaire, revealed a normal 

distribution (p-value=0.200). Prior to the 

treatment, the baseline level of knowledge 

was 56.23±9.48. Following the treatment, 

which consisted of educational support 

and snacks for 16 sessions, a significant 

increase in the mean score was observed 

(p=0.000), resulting in a final score of 

68.68±8.53.  
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Hemoglobin 

The hemoglobin level data from 

the 47 female students showed a normal 

distribution (p=0.09). The mean 

hemoglobin level prior to the treatment 

was 11.73±1.69. Following the treatment, 

a significant increase in the mean 

hemoglobin level was observed 

(p=0.000), with a mean value of 

13.37±1.58.  

 

Albumin 

The albumin level data measured 

from 33 female students exhibited a non-

normal distribution (p=0.000). Prior to the 

treatment, the mean albumin level was 

4.20 (ranging from 3.40 to 5.31). After the 

treatment, a significant increase in the 

mean albumin level was observed 

(p=0.000), with a mean value of 4.62 

(ranging from 4.29 to 5.92).  

Table 1 shows that after treatment, 

Knowledge, Hemoglobin and Albumin 

levels increased. Prior to the treatment, 34 

female students had Hb levels below 

12.00g/dL, but by the end of the study, 

only 9 students had Hb levels below the 

normal range. Although all female 

students had albumin levels within the 

normal category, the mean score increased 

from 4.20 to 4.62 mg/L. The statistical 

analysis using the Paired T-Test at a 95% 

confidence level revealed a significant 

difference (p=0.000) in all variables 

studied, including Knowledge, and Hb 

levels. Additionally, the increase in 

albumin levels was found to be significant 

(p=0.000) using the Wilcoxon Signed 

Rank Test

 

No Variables Data Distribution Average/Mean  N p Value, 

1 Knowledge Normal 56,23±9,48 

68,68±8,53 

47 0,000* 

2 Hb Normal 11,73±1,69 

13,37±1,58 

47 0,000* 

3 Albumin Abnormal 4,20 (3,40-5,31) 

4,62 (4,29-5,92) 

33 0,000† 

Note: * Paired t-test; †Wilcoxon signed Rank Test α 0.05 

Table 1. Changes in Knowledge Indicator, Hemoglobin Level, and Albumin Level of 

the Female Adolescents

DISCUSSION  

The positive impact of education 

on health is reflected in the significant 

improvement in the scores of various 

health indicators. Research by Asmarudin 

(Pakhri et al., 2018) supports the 

relationship between education and 

knowledge enhancement. In their study, 

nutrition education using healthy food 

materials was provided to teenagers, 

resulting in a significant increase in their 

average nutritional status. This 

improvement can be attributed to the 

increased awareness and understanding of 

nutrition among the respondents, as well 

as the support from their close relatives. 

The energy content derived from 

carbohydrates, protein, and fat is an 

essential component of the diet. The study 

results showed that the average energy 

intake of female students before the 

intervention was 1174 calories, which 

significantly increased to 1371 calories (p 

= 0.008 < 0.05) after the intervention. 
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Insufficient energy intake can lead to 

weight loss and chronic energy deficiency, 

as pointed out by Suarjana (Suarjana, 

2020). Moreover, the average protein 

intake of female students also showed a 

substantial increase, rising from 44.6 

grams to 53.7 grams (p = 0.001 < 0.05). 

Protein plays a vital role in various bodily 

functions, including cell repair and tissue 

synthesis, hormone production, and 

regulation of the acid-base balance. 

However, thin teenagers tend to consume 

inadequate amounts of protein, as revealed 

by the recall data.  To address this, 

adolescents are advised to incorporate a 

variety of high-protein foods into their 

diet, encompassing both animal and plant 

sources. Animal-based protein options 

include beef, lamb, poultry, eggs, fish, 

milk, and other processed products. 

Meanwhile, the plant-based protein group 

includes legumes such as nuts, tofu, 

tempeh, green beans, red beans, and 

lentils, among others (Apriyanti, 2019). 

These foods are recommended as part of a 

balanced diet according to the dietary 

guidelines provided by the Ministry of 

Health in Indonesia (Kemenkes, 2014). 

The statistical analysis conducted 

showed no significant increase in iron 

intake among female students at Singosari 

State High School (0.09 > 0.05). This 

suggests that education on iron 

consumption among students did not have 

a significant difference. Iron is an essential 

component in hemoglobin formation, and 

inadequate nutritional intake can lead to a 

deficiency in the body, particularly in 

nutrients such as iron. Insufficient iron 

intake can lead to a decrease in the 

production of red blood cells, leading to 

anemia. This finding is supported by 

Pakhri’s study (Pakhri et al., 2018), 

indicating nutrition education did not 

significantly affect iron consumption, 

possibly, due to limited food diversity and 

inadequate nutritional intake, including 

iron. 

However, before consuming 

snakehead fish snacks, the average 

hemoglobin level of female students was 

11.7 g/dL, while after consuming 

snakehead fish snacks, it significantly 

increased to 13.3 g/dL (p = 0.000 < 0.05). 

The research results demonstrate that 

snakehead fish meat has a very good 

chemical composition and can be 

consumed as a healthy snack (Karnila et 

al., 2017). This significant increase in 

hemoglobin levels before and after the 

intervention indicates the positive impact 

of snakehead fish consumption. 

Hemoglobin is responsible for 

transporting oxygen and carbon dioxide in 

the body, and changes in hemoglobin 

levels can be influenced by factors such as 

nutrition, knowledge of nutrition and 

health, eating patterns, and iron 

supplements. Increased iron needs occur 

mainly during menstruation or chronic 

illness (Oy et al., 2019). Protein plays a 

crucial role in hemoglobin formation, as it 

assists in the absorption of iron. Protein is 

an essential building block throughout the 

human life cycle.  Food that enhances iron 

absorption, especially non-heme iron, is 

vitamin C and other animal protein 

sources such as fish and chicken. Protein 

from meat sources, such as fish and 

chicken, can increase the absorption of 

non-heme iron derived from cereals and 

plants. Iron is essential for hemoglobin 

production, and the majority of iron is 

recycled from broken-down red blood 

cells. However, when there is a deficiency, 

it must be replenished through dietary 

intake. Anemia can occur when there is 

insufficient iron absorption in the 

intestines, which may be caused by 

intestinal disorders or surgical procedures 

(Adriani & Wirjatmadi, 2012). 

 Study results found a correlation 

between protein intake and hemoglobin 

levels in females (Kristin et al., 2022). 

Protein plays a crucial role in the storage, 

transport, and absorption of iron. 

Insufficient protein intake can disrupt the 
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transportation of iron, leading to iron 

deficiency and low hemoglobin levels. 

The measurement of albumin levels 

showed that 31 respondents experienced a 

significant increase in albumin levels (p = 

0.000 < 0.05) between the results of blood 

albumin tests before and after the 

intervention. Albumin levels are an 

indicator of a person’s nutritional status 

and usually occur over a prolonged period. 

Changes in albumin levels can cause 

platelet function disorders. Albumin level 

tests are usually performed to determine 

low energy and protein intake, and they 

are considered more accurate than 

anthropometry measurements. Albumin is 

the most abundant protein in blood 

plasma, and its value can be used as an 

indicator of health status and a long-term 

disturbance in nutrient intake, particularly 

protein (Aulia, 2019).  

Peer tutors have been found to 

have a significant impact on adolescents, 

making them an ideal choice for 

delivering messages. Adolescents are 

highly influenced by their peers, whether 

in terms of eating habits, fashion choices, 

or lifestyle preferences. A study 

conducted by Lidiawati et al. (2020) 

specifically highlights the significant 

influence of peers of the same age on the 

eating behavior of adolescents. This 

influence can be harnessed to create 

positive impacts among adolescents. 

Furthermore, research conducted by 

Nuryani and Paramata (2018) emphasizes 

the effectiveness of peer tutoring and 

education provided by peers in improving 

knowledge, attitudes, and behaviors 

related to balanced nutrition in 

adolescents. Therefore, utilizing peer 

tutors as messengers can be a powerful 

strategy to promote healthy behaviors and 

empower adolescents in making informed 

choices. 

 

CONCLUSION  

The study findings indicate that 

utilizing peer tutors as an intervention is 

an effective method for transferring 

knowledge and encouraging healthy 

eating and lifestyle habits. Providing 

female students who suffer from 

malnutrition or low hemoglobin levels 

with 16 educational sessions, each lasting 

10-15 minutes, significantly improve their 

understanding of nutrition and health. 

Moreover, offering healthy snacks 

weighing between 60-100 grams during 

these sessions further improves their 

overall health status. Interventions, such 

as providing healthy snacks based on 

snakehead fish and vegetables, can be a 

viable alternative in preventing anemia 

and hypoalbuminemia in adolescents. 

The present study recommends 

utilizing the Achievement Cadres of 

Singosari State High School to assist the 

School Health Unit in monitoring the 

health development of students at school, 

facilitating early detection of health 

issues. To sustainably maintain and 

improve student health, periodically 

refresh and train the school Cadres are 

crucial. Incorporating nutrition and health 

topics into learning activities and 

promoting best practices related to 

nutrition and health can significantly 

enhance student awareness for early 

prevention of anemia and 

hypoalbuminemia. 
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ABSTRACT  

Brown rice, derived from white rice with the removal of the husk, contains higher dietary fiber and 

a lower glycemic index than regular white rice. These advantages can be an alternative diet for 

individuals with type 2 diabetes mellitus. Type 2 diabetes mellitus is a metabolic disease ranked as 

the fourth leading cause of death in the world, often associated with obesity. In addition, insulin 

insensitivity in individuals with type 2 diabetes leads to increased hunger (polyphagia) and 

overeating, resulting in increased BMI and waist circumference. The purpose of this study is to 

determine the effect of the brown rice diet intervention on BMI and waist circumference of patients 

with type 2 diabetes. This study was a pre-experimental study without control variables and the 

sample was not selected randomly, using a one-group pretest-posttest design with a 3-month 

intervention. Data analysis in this study used the Shapiro-Wilk normality test followed by the paired 

t-test to determine the difference between two paired samples. The statistical results showed 

significant changes in BMI and abdominal circumference (p = 0.002 and p = 0.008, respectively). In 

conclusion, there are differences in BMI and abdominal circumference of patients with type 2 

diabetes mellitus before and after the intervention of a brown rice-based diet menu. 

 

Keywords: type 2 diabetes mellitus, brown rice, BMI, waist circumference 

 

 

INTRODUCTION 

Diabetes Mellitus (DM) is a global 

health threat. According to data from the 

World Health Organization (WHO), the 

number of people with DM in Indonesia is 

projected to increase from 8.4 million in 

2000 to approximately 21.3 million in 

2030. The International Diabetes 

Federation (IDF) stated the same fact. 

Data on IDF confirms this trend, 

estimating that the number of diabetics in 

Indonesia in the age range of 20-79 years 

will increase from 10 million in 2015 to 
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16.2 million in 2040. Hence, Indonesia 

will rank sixth for people with DM Type 2 

in the world by 2040 (1).  

Being overweight or obese can 

serve as a trigger for DM. Research 

conducted on the population shows that 

the likelihood of developing DM in obese 

people is greater than in slim people. Type 

2 DM is often associated with unhealthy 

lifestyle factors. There are 90-95% of all 

people with DM suffer from type 2 

diabetes (2).  

Poor diet and irregular exercise 

can increase the risk of central obesity. 

Central obesity can be measured using 

abdominal circumference, while Body 

Mass Index (BMI) can be used to 

determine whether someone is obese or 

not (3). 

Most diabetic patients frequently 

feel hungry because the intake they 

consume cannot be converted into energy. 

Therefore, it often causes DM patients to 

overeat and results in an increase in BMI 

and abdominal circumference.  According 

to Fatimah (2015), this situation occurs 

due to cellular insensitivity to insulin. 

Blood sugar will rise as a result of the 

decreased insulin secretion by pancreatic 

beta cells or impaired insulin function 

(insulin resistance). 

According to research by Kozuka 

et al. (2013),  brown rice has the potential 

to improve glucose tolerance and insulin 

resistance in type 2 DM sufferers. In 

addition, switching the source of 

carbohydrate intake from white rice to 

brown rice significantly reduces body 

weight and improves glucose and fat 

metabolism in people with metabolic 

syndrome.  Brown rice is a grain that can 

only be consumed once the aleurone layer 

of rice or the outermost layer and rice husk 

have been removed (6). Compared to 

white rice, brown rice contains four times 

higher fiber and has a lower glycemic 

index, making it a healthier choice for 

people with obesity and diabetes to 

consume (5). 

Brown rice has high LPL levels 

(lipoprotein lipase), which help inhibit fat 

accumulation and ultimately reduce the 

risk of central obesity. Abdominal 

circumference and BMI are two 

parameters in determining the nutritional 

status of whether a person is obese or not. 

Insufficient fiber consumption increases 

the likelihood of the occurrence of obesity, 

whereas an adequate consumption of fiber 

can reduce the risk of obesity and other 

degenerative diseases, such as DM type 2 

(7).  

RESEARCH METHODS 

 

Design/Research Design 

This research used a pre-experimental 

design without control variables, and the 

sample is not randomly selected (8). This 

study used a single-group design with one-

group pretest-posttest. Testing was carried 

out before and after the intervention, and 

the differences between the results pretest-

posttest were assessed as the effect of the 

intervention  (9). The intervention was 

carried out for three months for each 

respondent. 

Data Source 

All data collected were primary 

data obtained through several methods 

including direct interviews and direct 

anthropometric measurements. The data 

collected included characteristics of the 

respondents (gender, age, occupation, 

medical history), weight, height, and food 

intake. 

 

Research Target 

The research respondents were all 

outpatients diagnosed with type 2 DM at 

Griya Bromo Clinic, Malang, Indonesia. 

The inclusion criteria were as follows: 

female, aged 40-60 years, BMI ranging 

from 24-28 kg/m2, HbA1c ≤8% treated 

with 1 or a combination of OAD (Anti-

Diabetic Drugs), and willingness to 

participate as a research respondent 

(proven by signing the informed consent). 
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The exclusion criteria included the 

presence of heart, kidney, and malignancy 

disorders, a history of gastrointestinal 

disorders requiring long-term medical 

therapy, an active smoker, and antibiotic 

use in the month prior to fecal sampling. 

Development of Data Collection 

Instruments and Techniques 
 Data on respondents’ 

characteristics were collected using a 

questionnaire. The nutritional status of the 

respondents was determined from BMI 

measurements using a microtoa with an 

accuracy of 0.1 cm to measure height and 

Bioelectrical Impedance Analysis for 

body weight measurement. Then, BMI 

was categorized into six groups: 

underweight (<18.5), normal range (18.5 – 

22.9), overweight (≥23), at risk (23.0 –  

24.9), obesity I (25.0 – 29.9), and obesity 

II (≥30). Weight measurements were 

conducted every month. Abdominal 

circumference was measured using the 

metline with an accuracy of 0.1 cm and 

categorized as normal (≤80 cm) or 

indicative of abdominal obesity (>80 cm). 

Abdominal circumference measurements 

were carried out before and after the 

intervention. 

 Food intake data prior to the 

intervention were taken using a semi-

quantitative food frequency method to 

find out the description of the 

respondents’ eating habits. During the 

intervention, food intake data were 

collected using a food record method three 

times a week for 12 weeks, specifically on 

two working days (Monday and 

Wednesday) and one day off (Saturday).

  

 The intervention was given in the 

form of three main meals (with brown rice 

as the staple food) and three side dishes 

every Monday and Saturday. On Sundays, 

respondents were free to consume 

personal food while still paying attention 

to their daily needs. 

 

Data Analysis Technique 

The data were analyzed using the 

SPSS version 15 statistical program. The 

data normality test was carried out by 

testing Sapphire Wilk because the number 

of samples was below 50 people. Then, the 

test Paired T-test with a 5% error rate was 

performed to find out the differences 

between paired samples. 

This research has received a 

Certificate of Eligibility for Research 

Ethics from the Ethics Commission of the 

Faculty of Medicine, University of 

Brawijaya Malang with a certificate 

number 143/EC/KEPK/07/2016. 

 

RESEARCH RESULT 

Overview of Respondents 

All respondents were female, 

ranging in age from 40 to 60 years. Table 

1 shows 66.6% of the respondents belong 

to the early elderly group (46-55 years). 

 

Table 1. Total Distribution of Respondents by Age 

  

Most of the respondents are housewives 

(61.1%). Data on respondents’ occupation 

distribution can be seen in Table 2. 

 

No Age (Year) Amount  

n % 

1 36 – 45 1 5,6 

2 46 – 55 12 66,6 

3 56 – 65 5 27,8 

Total 18 100 
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Table 2. Distribution of Respondents’ Occupation 

 

In fact, one-third of the total respondents 

had a history of hypercholesterolemia, 

which is characterized by a total serum 

cholesterol level higher or equal to 200 

mg/dL. 

 

 

Furthermore, 83.3% of respondents had 

been living with type 2 DM for more than 

6.5 years. The duration of suffering from 

type 2 DM was calculated from the time of 

the initial diagnosis. The data are 

presented in Table 3. 

Table 3. Duration of Respondents Suffer

 

Description of Respondents’ Energy 

Intake 

Table 4 shows that prior to 

receiving the intervention, 27.8% of 

respondents had moderate to severe deficit 

consumption levels, while 22.2% of 

respondents had a level of energy intake 

that exceeds their needs. However, after 

the intervention, the energy intake of the 

respondents improved, declining from the 

mild to normal deficit category. 
 

Table 4. Distribution of Respondents’ Energy Adequacy Levels 

 

  

Profession 
Amount 

n % 

Teacher 1 5,6 

Housewife  11 61,1 

Posyandu cadres 1 5,6 

Headmaster 1 5,6 

Church officer 1 5,6 

Notary officer 1 5,6 

Tailor 2 11,1 

Total 18 100 

Duration (year) Frequency 

n % 

< 6,5 15 83,3 

≥ 6,5 3 16,7 

Total 18 100 

Energy Adequacy Level 

Respondents’ amount 

Pre Post 

n % n % 

Severe deficit (<70%) 3 16,7 0 0 

Moderate deficit 

(70 – 79%) 2 11,1 0 0 

Mild deficit 

(80 – 89%) 3 16,7 8 44,4 

Normal  

(90 – 119%) 
6 33,3 10 55,6 

Excess (>120%) 4 22,2 0 0 
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Description of Respondents’ Fat Intake 

 Before the intervention, more than 

half of the respondents (55.5%) had fat 

intake below the RDA, while 16.7% of 

respondents had fat intake above the RDA. 

After the intervention, fat intake improved 

to a mild to normal deficit category. The 

data can be seen in Table 5. 

 
Table 5. Average Level of Respondents’ Fat Intake 

Intake Level Classification 

Amount 

Pre Post 

n % n % 

Below the RDA (<90% RDA) 10 55,5 6 33,3 

Normal (90 – 119% RDA) 5 27,8 12 66,7 

Above RDA (>119% RDA) 3 16,7 0 0 

 

Description of Respondents’ BMI and 

Abdominal Circumference 

 

Table 6 shows that more than half 

of the respondents (66.6%) were included 

in the obesity category I before receiving 

the intervention. However, the prevalence 

of respondents experiencing obesity I 

decreased by around 5% after receiving 

the intervention. Statistical test results also 

show a significant p-value of 0.002 

(p<0.05). Furthermore, before the 

intervention, 83.3% of respondents were 

included in the abdominal obesity 

category; but, after the intervention, 

22.2% of respondents showed a reduction 

in abdominal circumference and 

approached normal. 

 

Table 6. Distribution of Respondents’ BMI Classification and Abdominal 

Circumference 

Variable 

Pre Post 

P* Total Total 

n % n % 

BMI 

Underweight (<18,5) 
0 0 0 0 

Normal (18,5 – 22,9) 3 16,7 4 22,2 

Overweight (≥ 23,0) 0 0 0 0 

Risky (23,0 – 24,9) 3 16,7 3 16,7 

Obesity I (25,0 – 29,9) 12 66,6 11 61 

Obesity II (≥ 30,0) 0 0 0 0 

Abdominal circumference 

≤ 80 cm 
3 16,7 2 11,1 

>80 cm 15 83,3 16 88,9 

*Statistic test      
 

DISCUSSION 

Overview of Respondents 

All respondents in this study were 

female. The selection of female 

respondents was based on that women 

have a higher tendency to experience an 

increase in body mass index than men. 

This increase in body mass index is 

associated with the development of 

obesity, which is a risk factor for type 2 

DM. It aligns with previous research 

conducted by Aamir et al. (2019) and 

Tripathy et al. (2017) that reported a 

higher prevalence of diabetes among 
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women in population surveys. 

Furthermore, premenstrual syndrome 

and postmenopausal changes contribute 

to the accumulation of body fat, thereby 

increasing the risk of developing type 2 

diabetes mellitus in women (12). 

In this study, respondents in the 

early elderly age group (46-55 years) are 

the most age group with type 2 DM. This 

finding is in line with research conducted 

by Cho in Asiimwe et al. (2020) that the 

highest prevalence of diabetes is in the 

age range of 45-64 years.  It is because 

aging leads to a decline in carbohydrate 

metabolism, resulting in reduced blood 

glucose usage and glucose tolerance, as 

well as an increased likelihood of insulin 

resistance (14). 

Table 2 shows that most of the 

respondents are housewives. 

Housewives have a lot of free time which 

results in a lack of physical activity. This 

sedentary lifestyle increases the risk of 

obesity, which is a risk factor for type 2 

DM (15). 

In addition to type 2 DM, some 

respondents also had a history of 

hypertension and hypercholesterolemia. 

The combination of type 2 DM and high 

cholesterol levels is proven to increase 

insulin plasma production, which will 

lead to decreased pancreatic function and 

beta cell dysfunction, resulting in type 2 

DM (16). Furthermore, hypertension is 

also known to be one of the 

complications of diabetes, and vice 

versa. Patients with DM can experience 

an increase in blood pressure; 40-60% of 

cases of diabetes are also exhibiting high 

blood pressure. Diabetes accompanied 

by hypertension increases the risk of 

stroke and myocardial infarction due to 

progressive arteriosclerosis. Type 2 

diabetes results in hyperinsulinemia, 

which stimulates sympathetic nerve 

activity and increases renin excretion. 

Active renin, in turn, will activate the 

sympathetic nervous system and 

increase cardiac output and vascular 

resistance. This mechanism will increase 

blood pressure (17). 

There are 83.3% of respondents 

who have been diagnosed with type 2 

DM for more than 6.5 years. It is 

important to note that as the duration of 

type 2 DM increases, the likelihood of 

experiencing complications also rises. 

Besides, as the duration of suffering 

increases, individuals may experience a 

decrease in their knowledge and skills 

related to the treatment of DM (18). This 

is attributed to factors such as boredom 

from sufferers so that it will reduce the 

quality of life. Consequently, the quality 

of life of DM patients can be improved 

by adopting a healthy lifestyle, one of 

which is by adhering to dietary 

recommendations designed for 

individuals with DM. 

 

Analysis of Respondents’ Energy and 

Fat Intake 

Table 4 shows that before 

receiving the intervention, 27.8% of 

respondents had moderate to severe 

deficit consumption levels, while 22.2% 

of respondents had a level of energy 

intake exceeding their needs. People 

with DM are advised to follow the three 

eating principles (right amount, 

schedule, and type). The principle of 

eating the right amount emphasizes the 

importance of aligning calorie intake 

with daily needs. In this study, 

respondents received a diet tailored to 

their calorie needs so that their calorie 

intake was neither excessive nor lacking. 

In line with Putra, I. W. A., & Berawi 

(2015), patients with DM must avoid 

consuming excessive calories to prevent 

further complications. Determining the 

daily calories must consider several 

factors, such as nutritional status, age, 

stress, and physical activity. 

One of the objectives of 

providing nutritional therapy to diabetic 
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patients, especially type 2 diabetes 

mellitus, is to maintain body weight 

within the normal range. Type 2 DM 

patients with obesity are advised to lose 

weight to improve glycemic control (20). 

Data in Table 4 show that 44.4% of 

respondents had a mild deficit in energy 

adequacy, and 55.6% of respondents 

were in the normal category. These 

findings are in line with the fact that 

66.6% of respondents were classified as 

obesity I, suggesting the need for gradual 

weight reduction. Providing a mild level 

of calorie deficit is known to help 

improve BMI and abdominal 

circumference in people with obesity. 

Excessive calorie reduction, on the other 

hand, may not help improve the BMI and 

abdominal circumference of respondents 

with type 2 DM, but it increases the risk 

of other complications, such as 

hypoglycemia. 

Besides the calorie intake, the 

selection of food ingredients for people 

with DM needs to be carefully 

considered. Patients with DM are not 

advised to consume food with a high 

Glycemic Index. Before the intervention, 

the respondents had the habit of 

consuming white rice as their staple 

food, which has a high glycemic index 

and can increase glucose intolerance. In 

addition, consuming white rice as a 

staple food will have an impact on the 

glycemic index load because of the 

dominant portion of white rice (21).  

The dietary intervention given to 

respondents in this study was 

implemented using brown rice as a 

substitute for white rice. It is because 

brown rice is unpolished rice, so the 

amylose content is higher than white 

rice. According to research by Fa et al. 

(2019), higher amylose content in food 

leads to a lower glycemic index value. 

Regarding fat intake, data in Table 

5 shows that more than half of the 

respondents (55.5%) had fat intake 

below the RDA prior to the intervention, 

while 16.7% of respondents had fat 

intake above the RDA. Excessive fat 

intake, if it is not balanced with adequate 

physical activity, can cause fat 

accumulation. This fat accumulation can 

increase the occurrence of central 

obesity. From Table 5, the average fat 

intake during the intervention was also 

given below the RDA to match the RDA 

because 83.3% of respondents had 

central obesity, marked by abdominal 

circumference higher than 80 cm, before 

the intervention. Central obesity occurs 

when there is an accumulation of fat in a 

part of the body, one of which is 

accumulation in the abdomen or intra-

abdominal and subcutaneous in the 

abdominal area (23). According to 

Bertalina & Muliani (2016), central 

obesity is closely related to the incidence 

of type 2 DM. One of the causes of 

central obesity is excessive consumption 

of fat, which causes fat accumulation. 

 

Analysis of BMI and Respondents’ 

Abdominal Circumference Changes 

Body mass index and abdominal 

circumference are parameters commonly 

used to determine whether a person is 

obese or not. Obesity is a known risk 

factor for obesity (24). A person is stated 

to be obese if the BMI is ≥ 25 kg/m2. 

BMI is applicable across the general 

population and does not depend on age 

and gender, but it may not be suitable for 

pregnant women and also muscular 

athletes. 

Obesity has long been associated 

with a risk factor for type 2 DM. Obesity 

can cause insulin resistance and damage 

to pancreatic β cells, resulting in 

inadequate insulin production. One of 

the main contributing factors to insulin 

resistance is due to the elevation of 

plasma-free fatty acids (25). 

Weight control needs to be done to 

reduce the risk of metabolic diseases, 
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including Type 2 DM. Calorie-deficit 

diets are commonly employed as a 

method to control weight (26). This 

study used a DM diet of 1300 -1500 

kcal/day with brown rice as the staple 

food for type 2 DM patients with obesity. 

After a 3-month intervention, there was 

a decrease in the prevalence of obesity 

among respondents. Apart from being 

affected by mild calorie deficits, another 

contributing factor to improving weight 

is the consumption of brown rice, which 

is high in fiber. The high fiber content in 

brown rice slows down gastric emptying 

compared to white rice, leading to 

increased satiety and reduced excessive 

intake (27). 

The results of this study showed a 

5% decreased prevalence of obesity in 

respondents. The results of this study are 

in line with the research of Sawada et al. 

(2019), that consuming brown rice as the 

main food can play a role in controlling 

body weight. The statistical test results 

also showed a significance value or p-

value of 0.002 (p <0.05). Hence, it could 

be concluded that there was a difference 

in the BMI of respondents with type 2 

DM before and after the brown rice-

based diet menu intervention. 

Excessive fat intake can trigger 

excess fat accumulation in the body and 

can cause central obesity when fat 

accumulates in a specific area. After the 

intervention, 22.2% of respondents 

achieved abdominal circumference close 

to normal. It can be attributed to the 

controlled intake of fat and calories 

during the intervention. Research by 

Hooper et al. (2015) also supports this by 

stating that a controlled fat diet has been 

shown to reduce body weight and body 

fat percentage, resulting in 

improvements in body weight and 

abdominal circumference. The results of 

the statistical test showed a p-value of 

0.008 (p <0.05), meaning that there was 

a difference between the abdominal 

circumference of respondents with type 

2 DM before and after the intervention 

with the brown rice-based diet menu.  

 

Effect of Brown Rice-Based Diet on 

Improvement of BMI and Abdominal 

Circumference 

The results of this study show that 

the brown rice-based diet intervention 

improved the respondent’s BMI and 

abdominal circumference, as indicated in 

Table 6. This improvement is attributed 

to the nutritional content of brown rice, 

which is better than ordinary white rice. 

Brown rice contains phytosterols, which 

act as antioxidants. Phytosterols can 

enhance the activity of lipoprotein lipase 

(LPL), an enzyme that will inhibit fat 

accumulation in peripheral tissues (6). 

Besides, brown rice also contains 

gamma-oryzanol, which is an anti-

obesity substance. Administering 

gamma-oryzanol in experimental 

animals fed a high-fat diet to become 

obese showed positive results that 

gamma-oryzanol is able to control 

weight gain and help reduce the 

possibility of dyslipidemia in 

experimental animals (30). Research by 

Francisqueti et al. (2017) also states that 

gamma-oryzanol plays a role in 

preventing weight gain. In line with this 

research, the results of this study also 

showed a significant improvement in the 

respondents’ BMI and abdominal 

circumference. 

Brown rice also contains high 

fiber, which contributes to its lower 

glycemic index than white rice. The fiber 

in brown rice can help reduce weight 

because fiber can promote satiety (6). A 

similar study conducted by Delzenne et 

al. (2020) stated that increased dietary 

fiber intake, either from fiber-rich foods 

or supplements, can help maintain or 

promote weight loss in individuals who 

are overweight. 
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CONCLUSION 

The brown rice-based diet 

intervention had a significant effect on 

the BMI and abdominal circumference 

of the respondents in this study. The 

intervention resulted in a 5.6% decrease 

in the prevalence of obesity I and a 5.5% 

increase in the prevalence of respondents 

with normal BMI category. Statistical 

test results also showed that changes in 

BMI before and after the intervention 

were significant (0.002; p<0.05). 

Furthermore, 22.2% of 

respondents experienced a decrease in 

abdominal circumference, close to 

normal following the brown rice-based 

diet menu intervention. The statistical 

test results also showed significant 

changes in abdominal circumference 

before and after the intervention (0.008; 

p<0.05). However, 88.9% of 

respondents still had central obesity, as 

their abdominal circumference exceeded 

the normal limits of 80 cm. 
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ABSTRACT  

Cancer has become a leading cause of mortality worldwide, with approximately 8.2 million deaths 

attributed to the disease in 2012. Antioxidants have demonstrated potential in combating cancer, and 

natural sources rich in vitamins, such as fruits and vegetables, are believed to be beneficial. This 

study aims to assess the chemical and organoleptic qualities of fruit and vegetable juice (tomatoes, 

Pontianak oranges, and carrots) as functional food for cancer patients. The study used an 

experimental design with a Complete Randomized Design (CRD) approach, with distinct processing 

techniques for each treatment level, and three replications were conducted. Data collection involved 

hedonic scale tests by 20 panelists to evaluate organoleptic quality, spectrophotometric tests to 

measure vitamin C levels, and DPPH tests to assess antioxidant activity. The results show that the 

processing of fruit and vegetable juice does not significantly influence vitamin C levels, aroma, or 

texture (p = 0.50). However, it has a significant effect on antioxidant levels, color, and taste of the 

juice (p=0.007). 

Keywords: antioxidants, fruits and vegetables, functional foods, cancer 

_______________________________________________________________________________ 

INTRODUCTION 

Cancer is a complex disease 

characterized by the uncontrolled growth 

and spread of abnormal cells throughout 

the body. It encompasses a wide range of 

anatomical and molecular subtypes, each 

requiring specialized treatment 

approaches (WHO, 2018). As one of the 

leading causes of death globally, cancer 

claimed approximately 8.2 million lives in 

2012. Among the most prevalent and fatal 

types of cancer each year are lung, liver, 

stomach, colorectal, and breast cancer. 

Alarmingly, it is projected that cancer 

cases will increase from 14 million in 

2012 to 22 million within the next two 

decades. In Indonesia, the prevalence of 

cancer was reported as 1.4 per 100 

residents, affecting around 347,000 

individuals, according to Basic Health 

Research data from 2013 (Ministry of 

Health, 2017). By 2018, it was estimated 

that cancer-related deaths reached a 

staggering 9.6 million worldwide. The 

most common cancers in men include 

lung, prostate, colorectal, stomach, and 

liver cancer, while breast, colorectal, lung, 
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cervical, and thyroid cancer are prevalent 

in women (WHO, 2018). 

Traditionally seen as an ailment of 

the elderly, cancer poses a risk to 

individuals of all age groups, from infants 

to the elderly (Ministry of Health, 2015). 

However, significant progress has been 

made in the fight against cancer, with 

antioxidants emerging as potential fighters 

against this deadly disease. Besides their 

role in cancer prevention, antioxidants are 

vital for combating oxidative stress, a 

process occurring in degenerative 

conditions. Research has shown that both 

synthetic and natural antioxidants are 

essential for preventing oxidative stress 

(Werdhasari, 2014). Studies have 

demonstrated the impact of tomato 

antioxidants on breast cancer (Fitricia, 

Winarni, & I.B.R. Pidada, 2012) and their 

potential to reduce the risk of prostate 

carcinoma (Novaldy & Iyos, 2016). 

Natural ingredients rich in antioxidant, 

such as fruits and vegetables, have shown 

promise in preventing and inhibiting 

cancer cell growth. In line with this 

research, Dina Amalia (2020) explored the 

antioxidant activity of Moringa leaves 

(Moringa Oleifera) in cancer prevention, 

emphasizing its potential as a preventive 

and anticancer agent due to its abundant 

antioxidants, bioactive compounds, β-

carotene, flavonoids, and other beneficial 

components. 

Considering this body of research, 

the present study aims to develop 

functional food for cancer patients by 

creating fruit and vegetable juices. The 

combination of tomatoes, oranges, and 

carrots, which are rich in Vitamin C, has 

been chosen to provide a potent source of 

antioxidants. Oranges, in addition to their 

high vitamin content, contain various 

bioactive compounds functioning as 

antioxidants, combating free radicals and 

cancer cells within the body. Carrots, 

known for their β-carotene content, have 

been linked to a reduced risk of prostate 

cancer in men (Nurani, 2012). Due to their 

exceptional nutritional value, carrots are 

suitable for regular consumption. 

 

RESEARCH METHODS 

 

Study design 
This research employed an 

experimental design using a completely 

randomized design (CRD) with three 

treatment levels: fruit transformed into 

powder, boiled fruit followed by drying, 

and direct blending of the fruit. Each 

treatment was replicated three times. The 

study was conducted at Malang Health 

Polytechnic’s Food Ingredients Science 

Laboratory, Organoleptic Laboratory, 

Biochemical Laboratory, and the Herbal 

Materia Medica Laboratory in Batu City. 

 

Data Source 

The production of fruit and 

vegetable extracts in powder form (T1) 

involved weighing and washing the 

ingredients (tomatoes, Pontianak oranges, 

carrots). The ingredients were cut into 0.5 

cm slices and dried by exposing them to 

sunlight for 24 hours. The dried 

ingredients were then pulverized. The fruit 

and vegetable powder was steeped in 

boiling water. 

The production of fruit and 

vegetable extracts through boiling (T2) 

involved weighing and washing the 

ingredients. The ingredients were cut into 

1x1 cm pieces and boiled for 3 minutes 

using a ratio of 1:12 between the 

ingredients and water. The resulting fruit 

and vegetable broth was poured into a 

basin. 

For the production of fruit and 

vegetable extracts without boiling (T3), 

the ingredients were weighed and washed. 

The ingredients were then cut into smaller 

pieces and blended. 

Vitamin C analysis was performed 

using the spectrophotometric method 

based on the Proceedings of the National 

Chemistry Seminar and Learning in 2017. 

Antioxidant activity analysis was 
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conducted using the DPPH method with 

spectrophotometry (Blois, 1985 in Hanani 

et al., 2005).  

A DPPH solution was prepared in 

methanol with a volume of 1 mL each. The 

extract concentration was varied by 

dissolving 0.01-0.6 mg in 5 mL of 

methanol. The varied extracts were then 

mixed with the prepared DPPH solution, 

vortexed, and incubated at 37°C for 30 

minutes. The absorbance was measured 

using a spectrophotometer at a wavelength 

of 517 nm, and a pure methanol solution 

served as the blank. 

The antioxidant activity test was 

conducted in duplicate. Organoleptic 

quality assessment was performed using a 

4-point hedonic scale questionnaire. 

 

Development of Data Collection 

Instruments and Techniques 

The assessment of organoleptic 

quality involved conducting nutritional 

value calculations at the biochemical 

laboratory of Malang Health Polytechnic. 

Organoleptic evaluations were carried out 

utilizing a Hedonic Scale Test 

questionnaire form, specifically targeting 

attributes such as color, taste, and texture. 

A panel of 20 sophomore D-III students 

from the Department of Nutrition at 

Malang Health Polytechnic actively 

participated in these evaluations. 

To determine the vitamin C levels 

in the fruit and vegetable juices, the 

spectrophotometric method was utilized. 

This process involved a series of steps. It 

was started with the filtration of the 

packaged drink. Next, 0.5 mL of the 

filtered sample was carefully pipetted and 

added to a 100 mL volumetric flask filled 

with distilled water. The mixture was 

thoroughly homogenized, and the 

absorption was measured at a maximum 

wavelength of 265 nm using a 

spectrophotometer. 

The vitamin C levels were 

calculated using the following formula: 

(concentration of vitamin C in the sample 

x 100%) / sample concentration. This 

enabled the accurate determination of the 

vitamin C content, expressed as a 

percentage, in the fruit and vegetable 

juices. 

The assessment of antioxidant 

activity was performed using the DPPH 

method with the fruit and vegetable juices 

as samples. A DPPH solution was 

prepared in methanol (1 mL each), and the 

concentration of the extract was varied by 

dissolving 0.01 – 0.16 mg in 5 mL of 

methanol. The sample was then mixed 

with the prepared DPPH solution, 

vortexed, and incubated at a temperature 

of 37°C for 30 minutes. The absorbance of 

the solution was measured using a 

spectrophotometer at a wavelength of 517 

nm. The methanol solution served as the 

blank. The antioxidant activity test was 

conducted in duplicate. The formula for 

calculating percent inhibition (%) was: 

(absorbance of the blank - absorbance of 

the sample x 100%) / absorbance of the 

blank. 

 

Data analysis technique 

The effect of data processing on 

organoleptic quality was assessed using 

statistical analysis, the Kruskal-Wallis test 

at a 95% confidence level. If the obtained 

conclusion yields a significance value of ≤ 

0.05, indicating an effect of processing on 

organoleptic quality, the analysis is 

followed with the Mann-Whitney multiple 

statistical test at a 95% confidence level. 

This additional test aimed to identify 

specific treatment pairs that exhibit 

significant differences. 

To evaluate the effect of 

processing on vitamin C levels, the one-

way ANOVA statistical analysis was 

employed at a confidence level of 95%. 

For analyzing the antioxidant 

activity, the one-way ANOVA statistical 

analysis was utilized at a 95% confidence 

level. In drawing the conclusions, if the 

results indicate a significance value of ≤ 

0.05, representing an effect of processing 
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on organoleptic quality, the analysis is 

followed by the Post Hoc LSD test at a 

95% confidence level. This post hoc test is 

conducted to determine the specific 

treatment pairs that display significant 

differences. 

 

Antioxidant Activity 

Table 1. Average Value of Antioxidant Activity Test Results 
Treatment Average Percent Inhibition Level per 100 ml (%) 

T1 66,16 

T2 73,93 

 T3 87,02 

 

Table 1 presents the variations in 

percentage inhibition observed among 

different treatments of fruit and vegetable 

extracts. The T3 treatment level (non-

boiling and direct blending fruit and 

vegetable extract production) showed the 

highest percentage inhibition at 87.02%, 

while the lowest inhibition level was 

observed in the T1 treatment level (the 

production of fruit and vegetable extracts 

through sunlight exposure and soaking in 

boiled water) with a value of 66.16%. 

 

Vitamin C 

Table 2. Average Value of Vitamin C Test Results 
Treatment Average Level of Vitamin C per 100 ml (%) 

T1 0,105 

T2 0,006 

T3 0,030 

 

Table 2 presents the vitamin C content of 

fruit and vegetable extracts, indicating that 

the highest concentration was observed in 

the T1 treatment group with a value of 
0.105%, while the lowest concentration 

was found in the T2 treatment group 

(boiling), with a value of 0.006%. 

 

Organoleptic Quality of Z Fruit and 

Vegetable Extract Color 

Panelists demonstrated a strong 

preference for the color of fruit and 

vegetable juices produced in the T3 

treatment level (direct blending without 
powder or boiling). With an average 

preference score of 3.4, indicating a highly 

favorable response, it is evident that the 

bright color of the juice at this treatment 

level was well-received by the panelists, 

as seen in Figure 1. 

 

 
 

Figure 1. The average level of preference of panelists for the color of fruit and vegetable juices 
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Organoleptic Quality of Aroma of Fruit 

and Vegetable Juices 

The panelists showed a strong 

preference for the aroma of fruit and 

vegetable juices in both the T1 treatment 

level (powdered form) and the T3 

treatment level (no powder or boiling) 

with a score of 2.65, indicating a strong 

liking, as shown in Figure 2. 

 

 

Figure 2. Average Level of Panelists' Likedness of Fruit and Vegetable Juice Aromas 

 

Organoleptic Quality of Fruit and 

Vegetable Juice Taste 

The panelists expressed their preference 

for the taste of fruit and vegetable juices 

in the T2 treatment level (boiling and 

using the boiled water) with a score of 

2.65, indicating a strong liking, as seen in 

Figure 3

 

Figure 3. The average level of preference of panelists for the taste of fruit and vegetable juices 

 

Organoleptic Quality of Fruit and 

Vegetable Juices 

The panelists demonstrated their 

utmost preference for the texture of fruit 

and vegetable juices at the T1 treatment 

level (using powdered material) with a 

score of 2.95, indicating a strong liking, as 

shown in Figure 4. 

 

Figure 4. Average Level of Panelists' Liked Texture of Fruit and Vegetable Juices 
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different treatment levels. These 

variations can be attributed not only to the 

different treatment methods employed but 

also to the varying amounts of materials 

used, while maintaining the same ratio. As 

shown in Table 7, fruit and vegetable juice 

processed through drying and powdering 

exhibited the lowest inhibition levels. This 

can be attributed to the fact that 

antioxidants are susceptible to damage 

when exposed to high temperatures (> 

60°C) (Haijun Y, et al., 2010). On the 

other hand, fruit and vegetable juices that 

were directly blended exhibited the 

highest percentage of inhibition, likely 

due to the absence of high-temperature 

processing in this method. 

The one-way ANOVA statistical 

analysis conducted at a 95% confidence 

level revealed a significant effect 

(p=0.007) of processing on the antioxidant 

activity of the fruit and vegetable juices. 

This finding aligns with the research 

conducted by Felicia, et al. (2017), which 

also demonstrated the significant impact 

of processing methods on antioxidant 

activity. It is important to note that heating 

during the processing can lead to a 

decrease in antioxidant activity (Pokorny, 

1986 in Anggraeni, Santoso, & Cahyanto, 

2015). In this study, the fruit and vegetable 

juice products exhibited inhibition 

percentages ranging from 66.16% to 

87.02%. The serving portion of the fruit 

and vegetable juices was standardized at 

200 ml. 

 

Vitamin C levels 

The data in Table 2 shows that the 

average levels of vitamin C for each 

treatment level are different. It is because 

in addition to different processing, the 

amount of material used for each 

treatment level varies, but still in the same 

ratio. Fruit and vegetable juices processed 

by boiling have the lowest levels of 

vitamin C, as vitamin C is destroyed when 

exposed to high temperatures. In addition, 

the treatment level carried out by boiling 

was only taking boiled water, not using 

fruits and vegetables. Meanwhile, fruit 

and vegetable extracts processed into 

powder have the highest levels of vitamin 

C. This is due to the large amounts of 

material required during drying (2 kg of 

tomatoes, 2.4 kg of oranges, and 4 kg of 

carrots), which resulted in a smaller yield 

of powder (50 g tomatoes, 100 g oranges, 

and 280 g carrots). 

The results of the one-way ANOVA 

statistical analysis at the 95% confidence 

level showed no significant effect 

(p=0.50) of processing on the levels of 

vitamin C in the fruit and vegetable juices 

produced. This contradicts the research 

results of Fadil, et al (2016), which 

suggested a significant effect of the 

heating method on vitamin C levels. The 

fruit and vegetable juice products in the 

study contained 0.006 – 0.105% vitamin 

C. The serving portion of fruit and 

vegetable juices was 200 ml. 

 

Organoleptic Quality of Color 

The results of the Kruskal-Wallis 

analysis conducted at a 95% confidence 

level revealed a significant effect 

(p=0.001) of the processing methods on 

the produced fruit and vegetable juices. 

Further analysis using the Mann-Whitney 

post-hoc test indicated significant 

differences between the T1 and T3 

treatment levels, as well as between the T2 

and T3 treatment levels. However, no 

significant difference was observed 

between the T1 and T2 treatment levels. 

At the T1 treatment level, where 

fruit and vegetable extracts were used, the 

resulting color of the juice was observed 

to be dark brown. On the other hand, the 

T2 treatment level, involving boiling, 

produced a transparent yellow color, while 

the T3 treatment level resulted in an 

orange color. The dark brown color 

observed at the T1 treatment level can be 

attributed to the damage of carotenoids, 

particularly β-carotene, due to the heating 
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process (Farrel, 1990 in Dendang, N., et 

al., 2016). 

The variation in color among the 

treatment levels can be attributed to the 

different ingredient proportions used in 

each treatment level. These findings 

contradict the results of Firdamayanti’s 

research (2017), which suggested that the 

distinct orange color of the juice can be 

maintained even after undergoing certain 

processing methods involving heating. 

 

Aroma Organoleptic Quality 

 Panelists expressed a tendency to 

dislike the aroma of fruit and vegetable 

juices at the T1 treatment level. However, 

it is important to note that aroma 

assessment can vary due to individual 

differences influenced by psychological 

and physiological factors. 

Analyzing the results using the 

Kruskal-Wallis test at a 95% confidence 

level found no significant effect (p=0.374) 

of the processing methods on the aroma of 

the produced fruit and vegetable juices. 

Organoleptic Quality of Taste 

 The results of the Kruskal-Wallis 

analysis at a 95% confidence level 

revealed a significant effect (p=0.000) of 

the processing methods on the taste of the 

fruit and vegetable juices produced. 

Subsequent Mann-Whitney tests indicated 

significant differences in taste between the 

T1 and T2 treatment levels, as well as 

between the T2 and T3 treatment levels. 

However, no significant difference was 

observed between the T1 and T3 treatment 

levels.  

It is important to note that panelists 

generally did not prefer the taste of the 

resulting fruit and vegetable juices. This 

could be attributed to the absence of added 

sugar in each treatment level. However, it 

is essential to acknowledge that individual 

taste evaluations may vary due to the 

influence of psychological and 

physiological factors. 

 

Texture Organoleptic Quality 

Figure 4 illustrates the effect of 

different processing methods on the 

panelists’ preference for the texture of the 

fruit and vegetable juices. It can be 

observed that at the T2 treatment level, the 

resulting texture tends to be thinner 

compared to the T1 and T3 treatment 

levels. 

Considering the percentage of 

panelists and the mode of preference level, 

it becomes evident that the panelists 

generally enjoy the texture of the fruit and 

vegetable juices produced. However, it is 

important to note that individual 

preferences may vary. 

The results of the Kruskal-Wallis 

analysis at a 95% confidence level 

revealed no significant effect (p=0.505) on 

the texture of the fruit and vegetable juices 

produced. 

 

CONCLUSION 

In conclusion, the study revealed 

that the variation in processing methods 

for fruit and vegetable juices did not 

significantly affect vitamin C levels 

(p=0.50). However, it had a significant 

impact on the antioxidant levels (p=0.007) 

present in the juices. These findings 

highlight the importance of selecting 

processing techniques in preserving the 

antioxidant properties of the juices. 

Furthermore, different processing 

methods exhibited a significant influence 

on the color and taste profiles of the fruit 

and vegetable juices. However, no 

significant effects were observed in terms 

of aroma and texture. This suggests that 

the selection of processing methods can 

play a crucial role in achieving desired 

sensory characteristics, particularly in 

terms of color and taste. 

It is noteworthy that tomatoes, a 

key ingredient in the juice, contain 

lycopene, an antioxidant known for its 

potential in reducing the risk of cancer. 

Therefore, the consumption of tomato-

based juice may provide significant health 

benefits due to its lycopene content. 
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These findings emphasize the 

importance of considering processing 

techniques in fruit and vegetable juice 

production to optimize antioxidant levels, 

sensory attributes, and potential health 

benefits for consumers. 
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