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The global epidemic of obesity has become one of the most important public health issues. 
It is predicted that by 2030, 38% of  global adults will be overweight. One of the factors that 
cause obesity is skipping breakfast.  Breakfast meal flakes are popular and ready-to-eat in 
several countries. However, the breakfast flakes on the market are high in carbohydrates, 
causing consumers to have a limited choice of breakfast products, especially for patients 
who suffer from obesity. The nature of the problem described above inspired the design of 
this research to produce and develop breakfast flakes made with brown rice and red kidney 
beans as the main ingredients to prevent obesity. The study was designed with four formu-
las (F1-F4) and  five attributes. The results included the organoleptic data, total fat, SFAs, 
MUFAs, PUFAs, dietary fiber, and proximate analysis. Based on the organoleptic results, 
formula F4 had the highest hedonic score, and the nutritional content (F4) was contained 
(373.81 kcal per 100 g), whereas nutrients (moisture, ash, protein, carbohydrate, fat, and 
dietary fiber) were 9.68 % w/b, 6.43 % w/b, 23.57 % w/b, 52.67 % w/b, 7.65% w/b and 14.53 
%w/b respectively. The ash content was high due to sodium content; therefore, reducing the 
salt in the formula will decrease sodium content. The ratio between ω-6 to ω-3 fatty acids 
in flakes F4 was 0.53 that may provide nutritional benefits. Furthermore, Fe, Ca, Na, and K 
content was 3.98 mg, 137.10 mg, 1381.64 mg, and 793.15 mg, respectively.  Based on these 
results, no nutrition claims can be proposed to the F4 flakes due to their high sodium con-
tent.  When reformulation is conducted to reduce the sodium content to be lower than 300 
mg per serving size, the F4 flakes can be claimed as high protein and high fiber, which helps 
consumers feel full longer and may make it a weight loss-friendly food. It also contains es-
sential minerals, including iron and potassium. In conclusion,  red beans flakes are suitable 
for consumption as a breakfast meal and may be a good suggestion for preventing obesity.

1. Introduction

1

The global epidemic of obesity is growing at an un-
precedented pace and has become one of the world's 
most important public health issues. It is predicted 
that by 2030, 38% of the world's adult population will 
be overweight without effective intervention (Wang 
et al., 2019). Several influences correlate with obesity 

and metabolic disorders, including genetics and phys-
iological differences (gender and age), living environ-
ments, and habits (diet, stress, smoking, alcohol, and 
exercise). Obesity contributes to multiple metabolic 
conditions, such as pathologies linked with inflamma-
tion, cardiovascular diseases, hypertension, coronary 
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problems, and diabetes mellitus (Wang et al., 2019). To 
manage obesity, dietary changes and herbal solutions 
may be used to prevent their adverse effects, instead of 
medications. One of the main health care priorities is 
the prevention and management of chronic diseases, 
as it accounts for nearly 60% of all deaths worldwide 
(World Health Organization 2003). Accordingly, the 
nutritional process through some functional foods is 
an alternative and effective treatment for the delivery 
of some effective food components in the manage-
ment of chronic diseases, specifically considering the 
high costs of health care in some  countries, especially 
in developing countries (Gehan 2017). 

Breakfast meal flakes (BMF) is a popular ready-to-
eat breakfast food commonly consumed by children, 
school youth, andadults at breakfast and is served 
with liquid milk or Yoghurt (Nuriana et al., 2019). 
Currently, existing breakfast food products are made 
from wheat, corn, millet, and rice,  high in carbohy-
drates. This creates consumer limitations to breakfast 
choices, especially for individuals with obesity. One of 
the factors that cause overweight or obesity is skipping 
breakfast. This is because those who skip breakfast 
often succumb to eating junk food containing high 
carbohydrates content and fats like fried foods (Mis-
hartina et al., 2018). Data from the Indonesian Food 
and Drug Authority (BPOM 2016), showed that there 
are about 1,015 products that were officially registered 
with the keyword “grains” and only 67 products were 
officially registered with the keyword “flakes.” Most 
of the grains and flakes listed are generally made of 
corn and wheat. However, it is still rare to find flakes 
made from legumes such as red beans. There is an im-
portant need to search for functional foods that have 
multiple health benefits, provide many different nutri-
tional values, and reduce obesity (Abdulrashed et al., 
2016). In this study, we prepared nutritional breakfast 
flakes food with ingredients such as brown rice, red 
beans, chia seeds, and ginger as a functional food with 
nourishing properties targeted for reducing the risk of 
overweight and obesity.

Red beans are known as a plant protein source, which 
contains around 21- 27% per 100g with a low glyce-
mic index value, namely 26, which is good for obesity 
and diabetes mellitus sufferers because the increase 
in sugar levels in the blood is slow, and peak sugar 
content is slow (Astuti et al., 2019). Red kidney beans 
have a water-soluble fiber that can reduce cholesterol 

levels and blood sugar levels ((Mishartina et al., 2018) 
and contain alpha-amylase and alpha-glucosidase in-
hibitory activity contributing to delayed digestion of 
carbohydrates (Riantiningtyas and Marliyati, 2017). 
Hence the selection of red beans is a good source of 
protein used as a ready-to-eat cereal or flakes (Ra-
khmawati et al., 2014).

Brown rice contains many bioactive compounds and 
is an important source of dietary fiber and minerals, 
including the rare mineral selenium, which is instru-
mental in inducing DNA damage repair and the syn-
thesis of damaged cells to promote apoptosis (Ravi-
chanthiran et al., 2018). Moreover, brown rice is rich 
in magnesium, which has a vital role in our bodies, 
as it acts as a cofactor for more than 300 enzymes. 
Brown rice also contains a high amount of dietary fib-
er; therefore, brown rice has a lower glycemic index 
than white rice.  In addition, it has vitamin E, which 
is an antioxidant, aids DNA repair, immune support, 
and metabolic processes (Ravichanthiran et al., 2018). 
Furthermore, brown rice flour is the finest and most 
nutritious  cereal flour because it has many anti-al-
lergic proteins and low calcium salts and does not 
contain gluten protein (Singh t al., 2017).  This study 
aimed to develop breakfast meals (flakes) with brown 
rice and red kidney beans as the main ingredients. 
Organoleptic and nutritional content analysis includ-
ing  total fat, SFAs, MUFAs, PUFAs, dietary fiber, and 
proximate analysis were conducted considering that 
consumption of the breakfast meals as part of a calo-
rie-controlled diet.
Hypothesis: “Formulating a nutritionally balanced 
breakfast flakes food with the main ingredients brown 
rice and red kidney beans as a functional food in a 
dietary plan, with high protein and dietary fiber, with 
improved nutritional properties targeted to prevent 
the risk of overweight and obesity.”

2. Material and Methods

Materials

In this study, dried red kidney beans (Phaseolus vul-
garis L.), brown rice (Oryza Sativa L.), ginger, honey, 
table salt, coconut oil, chia seeds, and water were used 
as raw materials obtained from the local market in 
Bogor, West Java, Indonesia.
Materials and reagents used in this study include 
distilled water, hexane, concentrated   sulfuric acid 
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(H₂SO₄), selenium mix, ion-free water, phosphate 
buffer nitric acid (HNO3), 30% NaOH, HCl (0.03 
N; 0.1 M and 6 M), indicators methyl red, methylene 
blue, ethanol 78%, 95%, MES-TRIS (Buffer pH 8.2), 
alpha-amylase, protease, amyl glucosidase, filter pa-
per, and acetone.

Methods

2.1. Raw Ingredients Preparation
 
Brown rice and red kidney beans were the main in-
gredients used to make the flakes. Red kidney beans 
were soaked in water at room temperature for 24 
hours, with periodic replacement of the water every 
12 hours, then washed with running water (Riantingt-
yas and Marliyati 2017). This step was followed by 
drying for 15-20 minutes, then followed by a peeling 
process aimed at reducing the coagulation of the flour 
(Akaerue and Onwuka 2010), improving the appear-
ance, and decreasing flour density (Pangastuti et al., 
2013). The deshelled beans were dried in an oven at 
60°C for 12 hours. Next, a mixer and disk mill were 
used to ground the red kidney beans and then sieved 
them with 60 meshes, which resulted in the kidney 
beans flour. The same methods were used to obtain 
brown rice flour (Riantingtyas and Marliyati 2017). 

Fresh ginger root was peeled, washed well, diced, 
and dried with a cabinet dryer for 8 hours at 50° C. 
The dried samples were ground using a commercial 
manual milling machine to produce a ginger powder 
which was stored in an airtight moisture-controlled 
cabinet (Wang et al., 2019). The reason for using gin-
ger powder is the availability of a crucial active in-

gredient in ginger called "shogol", which is produced 
more in dried ginger and has anti-cancer and anti-in-
flammatory effects (Wang et al., 2019).

2.2. Production of flakes

Four different flake types (F1-F4) were made from 
four different ratios of brown rice flour to red kidney 
beans flour (70:30; 60:40; 50:50 and 40:60).  Equal 
amounts of coconut oil, ginger powder, chia seeds, 
honey, and salt were added to each formula for ob-
taining four formulations of dough. Next, the dough 
was steamed for 3 minutes at 70 ° C using a steamer 
pan (Astuti et al., 2019). After steaming, the dough 
was formed into a circle and flattened with a 0.5 mm 
thick noodle maker, cut into 1 cm x 1 cm slices, and 
placed on a tray, then roasted in the oven at 130°C for 
13 minutes. The product was then cooled and stored 
in airtight polyethylene plastic containers (Riantingt-
yas and Marliyati 2017).

2.3. Sensory Evaluation

Thirty-four semi-trained panelists who participated 
in the sensory evaluation were students from the De-
partment of Human Nutrition, IPB University, and 
consisted of both genders. They were instructed to 
evaluate four formulas regarding sensory character-
istics such as color, taste, aroma, texture, and overall 
acceptability and then indicate the preference of the 
specified attributes by providing the appropriate num-
ber related to the hedonic scale. The rating scale used 
is a scale of 1 (lowest score) to 5 (highest score): (1) 
MOST DISLIKED, (2) DISLIKED, (3) NEUTRAL, (4) 
LIKE, (5) MOST LIKED. Assessment attributes used 

 Table 1. The composition of four formula

Ingredients
Formula

F1 F2 F3 F4
Brown rice (g) 98 (70%) 84 (60%) 70 (50%) 56 (40%)
Red bean (g) 42 (30%) 56 (40%) 70 (50%) 84 (60%)
Chia seeds (g)      7.5         7.5 7.5        7.5 
Ginger powder (g)       2          2 2          2 
Salt (g)       2          2 2 2 
Honey (g)      15          15 15 15
Coconut oil (g)       7 7 7 7
Water (g)      70 70 70 70
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in the hedonic test include color, aroma, taste, texture, 
and overall acceptability.

2.4. Chemical Analysis

Nutritional content analysis  carried out on selected 
flakes included moisture content by vacuum oven, ash 
content using the gravimetric method, protein con-
tent  analyzed by Kjeldahl method, fat content  ana-
lyzed by Soxhlet method, and the determination of 
carbohydrates is carried out  by the difference method 
(AOAC 2005), namely: 100% - (Moisture content + 
ash + protein + fat). The levels of dietary fiber were 
analyzed by the enzymatic gravimetric method. Fatty 
acid components were analyzed by Gas Chromatog-
raphy (GC), and minerals analysis (Na, Ca, K, and Fe) 
were analyzed by using Atomic Absorption Spectro-
photometer (AAS).

2.5. Analysis of the Nutritional contribution of 
flakes 

According to BPOM (2016), the serving size is the 
amount of food product usually consumed in one 
meal. In this study, the percentage contribution of the 
nutritional content of flakes products was calculat-
ed by dividing the number of nutrients contained in 
one serving size flakes with each Nutrient Reference 
Values (NRVs). The serving size of the flakes is deter-
mined based on the average yield of suggestions for 
serving commercial products. 

2.6. Statistical Analysis

Data were analyzed  using Microsoft Excel 2010 com-
puter program and the Statistical Program (SPSS), 
version 26.0 for the Windows operating system. He-
donic data was tested for normality using the Kol-
mogorov-Smirnov test (p> 0.05). The data from the 
organoleptic analysis used the Kruskal Wallis test 
because the data variables were not normally distrib-
uted. Then continued with the Mann Whitney differ-
ence test with a confidence level of 95% (p≤0.05).

3. Results 

3.1. Sensory Evaluation Results

Thirty-four semi-trained panelists from IPB Univer-

sity's Department of Human Nutrition participated 
in the sensory evaluation, from both genders. Due 
to their prior sensory test experience, they could 
discriminate the food products tested. They were in-
structed to evaluate four formulas regarding sensory 
characteristics such as color, taste, aroma, texture, and 
overall acceptability and then indicate the intensity of 
the specified attributes by providing the appropriate 
number related to the five hedonic scales. The scale 
fits with the sensory test trait being measured, and the 
scale was chosen so that the distance between scale 
points gets closer to each other to measure the ac-
ceptability of the flakes product and the flakes prefer-
ences of panelists.

The hedonic test includes four formulas (F1, F2, F3, 
F4) with five attributes, color, aroma, taste, texture, 
and overall acceptance. Based on Table 4.1, there are 
significant differences between formulas on texture 
and taste attributes (p<0.05). The formula F4 had the 
highest average score for taste and overall criteria, so 
this was the best acceptable formula because F4 had 
better taste and overall acceptance than F2, F3, and 
F1.

Color and taste are important factors in the acceptance 
of a food product. Color is the number one sensory 
attribute that consumers see. Therefore, product pref-
erence is influenced by color. The hedonic test results 
showed no significant difference (p > 0.05) between 
F1, F2, F3, and F4, although F3 (3.88) received the 
highest color preference. The preference of the brown-
ish-yellow color of these products is determined by 
the additives of brown rice and red beans flour. The 
Kruskal Wallis test results plus the Mann Whitney test 
showed a significant difference in the taste attributes 
of flakes formulas (p <0.05). Usually, red beans flour 
has a strong, distinctive taste caused by the presence 
of the lipoxygenase enzyme, which naturally gives the 
nuts a special aroma (Pertiwi et al., 2017).

However, in this study, the red beans used were dry,  
so the unpleasant taste was not too strong. Roasting 
can enhance sensory properties and improve the taste 
of foodstuffs (Fellows 2000). Based on the results F4, 
has the highest value, namely 3.61.  The differences 
in  taste of each formula  were due to the different 
proportions of red beans flour and brown rice. The 
greater proportion of brown rice caused the taste to 
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be less favorable to the panelists. This can be seen in 
the result of the taste attribute, which differs greatly 
between F4 (40:60) compared to other formulas.

Aroma caused by the food ingredients determines the 
properties and satisfaction of these foods. In this study, 
the red beans used were dry. Therefore the unpleasant 
aroma of red beans, usually caused by the presence 
of lipoxygenase enzyme, was not too strong. The clas-
sification test results on the aroma attribute showed 
the difference in the formula has no significant effect 
on the panelists' preference scores (p> 0.05), although 
sample F1 has the most liked aroma value (3.58) fol-
lowed by F4 (3.47), F3 (3.44), and F2 (3.42).

Similarly, flakes products’ texture recommends that it 
be crispy but not easily damaged with water or milk. 
Kruskal Wallis test results continued with the Mann 
Whitney test results showed that the flakes differ-
ence in composition has a significant effect on the 
panelists' preference scores of the texture attribute of 
the flakes (p <0.05). Flakes formula, F2 received the 
highest preference value (3.88), followed by F4 (3.70), 
F3 (3.14), and F1 (2.94). F2 and F4 have a very crispy 
texture compared to F1 and F3, due to the additional 
effect of a greater proportion of red bean flour. This is 
probably because of the texture factor of dry kidney 
beans, which is hard and crispy (Kurnianingtyas et al., 

2014). 

The texture of red beans can be attributed to the starch 
(amylose and amylopectin) content, as amylose and 
amylopectin play a role in the formation of gelatiniza-
tion, causing a crispy texture (Rohmah 2013).

Based on the overall acceptability results, F4 (40%: 
60%) scored the highest. We attributed the panelists' 
level of preference of F4 over other flakes products to 
its higher composition of red beans flour. The trend 
with other flakes also showed that the more red beans 
added, the greater the choice value for the flakes prod-
uct. This indicates that the addition of red bean flour 
influences the level of preference of panelists over 
flakes products. The more red beans added, the great-
er the value of preference for the flakes product. This 
can be seen in the results of adding red bean flour 
with Formula F4 (3.61), which resulted in a higher 
level of preference for panelists compared to F2 (3.55), 
F3 (3.44), and F1 (3.29).

3.2. Nutritional Content of Selected Flakes (F4)

The results in Table 3 show the contents of energy, 
moisture, ash, protein, carbohydrates, and fat in F4 
were compared with SNI (Indonesian National Stand-
ard). Based on the results, the energy value of F4 

Table 2. Hedonic test statistical analysis results

Formula Brown rice 
flour

Red beans 
flour Aroma Color Taste* Texture* Overall

F1 70% 30% 3.58±0.82 a 3.58 ±0.82 a 3.08 ± 0.75a 2.94 ±0.88a 3.29±0.67 a

F2 60% 40% 3.42±0.56 a 3.79±0.76 a 3.23±0.78a 3.88±0.76b 3.55±0.65 a

F3 50% 50% 3.44±0.66 a 3.88±0.76 a 3.17±0.86ab 3.14±0.89a 3.44±0.78 a

F4 40% 60% 3.47±0.56 a 3.5±0.70 a 3.61±0.77ab 3.70±0.83b 3.61±0.77 a

* The sensory attribute based on the Kruskal Wallis test, p-value is significant if <0.05. The notation a, b = different test results based on the Mann 
Whitney continued test between formulas. Different letters in the column indicate significant differences (p <0.05). The rating scale used is a scale 
of 1 to 5:  (1), MOST DISLIKED (2), DISLIKED (3), NEUTRAL (4), LIKE (5) MOST LIKED.
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flakes was 373.81 kcal per 100 g. Carbohydrates con-
tributed 56 % of the total energy and 52.67% of the 
total weight. The SNI requires at least 60% of carbohy-
drates to be present in the product. The main source 
of carbohydrates in F4 flakes was brown rice flour. The 
moisture content value of the F4 flakes was 9.68% wet 
basis. This value was higher than the maximum value 
of SNI that is 3.0% but also is a slightly higher mois-
ture content requirement for high-grade grains than 
(4%-8%), based on Nielsen (2010). The high moisture 
content could be due to protein content found in red 
beans, which have functional binding properties and 
water holding capacity, and most of the red beans' fib-
er content can absorb more moisture (Pangastuti et 
al.,2013). This may increase the water activity. Hence, 
it is recommended to control the water activity to pre-
vent spoilage and maintain shelf life and food quality. 

In this study, the primary sources of the fat content 
of the F4 flakes are derived from coconut oil and 
chia seeds. This study showed that the fat content of 
F4 flakes was 7.65 % wet basis. These levels met the 
standards set for Cereal products according to SNI 
(7. 0%). The protein content of F4 flakes was 23.57 
% wet basis, andthe high protein value is due to the 
addition of red kidney beans as a source of protein, 
which is around 21-27% per 100 g of material (Astuti 

et al., 2019). The protein in red kidney beans may low-
er cholesterol and LDL (low-density protein) and in-
crease HDL (high-density protein) cholesterol levels 
(Rakhmawati et al., 2014). The ash content of the F4 
flake was 6.43 % wet basis. The high percentage of ash 
indicates that the product is possibly rich in minerals, 
maybe because of brown rice, chia seeds, ginger, and 
kidney beans which contain several minerals that can 
increase mineral content (Agustina et al., 2013).

The F4 flakes product analysis results showed a total 
dietary fiber content of 14.53 % wet bases. Based on 
the Indonesian Food and Drug Authority (BPOM 
2016) and the European Food Safety Authority (EFSA 
2008), processed food can claim high fiber if it con-
tains at least 6 g per 100 g. Therefore, F4 flakes can be 
classified as high-fiber nutritional products. Previous 
studies have shown that consumption > 25 g/day of 
fiber helps  prevent the risk of obesity by maintaining 
the stability of lipids in the blood, slowing the absorp-
tion of fats from the small intestine, and increasing 
satiety. Additionally, it reduces the secretion of the 
hormone ghrelin. Hence, consuming high-fiber flakes 
with low caloric energy can prevent obesity (Nelson 
et al., 2009).

Table 3. Nutritional content of selected flakes (F4) 

Nutrients
        (100 g)

Result of proximate analysis
                   (%WB) SNI (%WB)

Energy (Kcal) 373.81

Protein 23.57        Min. 5.0

Fat 7.65        Min. 7.0

Carbohydrate 52.67        Min. 60.0

Moisture 9.68        Max. 3.0

Ash 6.43        Max. 4.0

Calcium (mg) 137.10

Sodium (mg) 1381.64

Potassium (mg) 793.15

Iron (mg) 3.98

Fiber 14.525
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3.3. The Fatty acid content of F4 flakes (fatty acid 
profile)

The fatty acid composition of F4 flakes has been ana-
lyzed, and thirteen fatty acids have been found, as can 
be seen in Table 4, consisting of eight saturated fatty 
acids (SFA), three monounsaturated fatty acids (MU-
FAs), and two polyunsaturated fatty acids (PUFAs). 
The essential fatty acids in humans are ω-3 (omega 
3) PUFA, alpha-linolenic acid (ALA) and ω-6 (ome-
ga 6) PUFA, linoleic acid (LA). Generally, SFAs were 
primarily distributed in higher amounts than MUFAs 
and PUFAs. Lauric acid was the highest value in SFAs 
because lauric acid is presen t in coconut oil with con-
tent ranging from 45% – 50% and coconut oil is its 
primary source (Assunção et al., 2009). Studies have 
confirmed that medium-chain saturated fatty acids 
(such as lauric acid found in coconut oil) and mono-
unsaturated fatty acids such as oleic acid are less likely 
to increase insulin resistance, fat storage, and obesity 
compared to long-chain saturated fatty acids (such as 
palmitic acid). Interestingly, lauric acid and oleic acid 
have  high oxidation rates of fatty acids, which may 
lead to their burning of energy and reduced storage 
potential in adipose tissue, thus promoting increased 

energy consumption (DiNicolantonio and O’Keefe 
2017).

As seen in Table 4, the highest level of PUFAs was 
in Alpha-linolenic acid (ω-3). Particularly,  linolenic 
fatty acids are greater than linoleic fatty acids, with a 
ratio of 1222:655 mg/100g. According to the recom-
mendations of FAO/WHO (Lunn and Theobald 2007), 
high-quality fatty acids should have a ratio of linoleic 
fatty acids to linolenic fatty acids that does not exceed 
4:1. The n-6/n-3 ratio is considered to be the key fac-
tor for balanced nutritional importance. The potential 
health benefits of alpha-linolenic have gained atten-
tion in recent years, and evidence on the role is grow-
ing. We need to consume more long-chain n-3 PUFAs 
and less saturated fatty acids. This is consistent with 
current dietary recommendations of consuming a 
minimum of 1% energy as n-6 PUFAs and 0.2 % ener-
gy as n-3 PUFAs (Lunn and Theobald 2007). The UK 
Department of Health recommends an ideal ratio of 
ω-6/ω-3 should be at least 0.20 to provide nutritional 
benefits for human health. The ratio ω-6/ω-3 showed 
a value of 0.53% to provide nutritional benefits and 
remain within appropriate and safe consumption lim-
its, as stated by Simopoulos 2008.

Table 4. The fatty acids content of selected flakes

Types of fatty acids (mg/100g) F4 Flakes 
Saturated fatty acid (SFA)

Caprylic acid  332 
Capric acid  265 
Lauric acid  2018 
Myristic Acid  796 
Palmitic Acid  928 
Stearic Acid  253 
Arachidic Acid  13 
Dodecanoic Acid  6 
Unsaturated fatty acids

Monounsaturated fatty acids (MUFA)

Palmitoleic acid  3 
Oleic acid /omega 9 /n-9 870 
11- Eicosanoic acid  C20: 1 7
Polyunsaturated fatty acid (PUFA)

Linoleic acid (ω-6) 655 
Alpha-Linolenic acid /omega (ω-3) 1222 
Ratio ω-6/ω-3 0.53
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The Omega-3 (PUFAs) content of the F4 flakes can be 
attributed to the addition of chia seeds. Simultaneous-
ly, n-3 polyunsaturated fatty acid alpha-linolenic acid 
(ALA)] may be protective and enhance insulin re-
sistance, lower blood cholesterol (LDL) and increase 
HDL. Interestingly, Omega-3 can be anti-obesity ef-
fects (such as increased fatty acid oxidation, increased 
basal metabolism, increased protein, and muscle for-
mation (DiNicolantonio and O’Keefe 2017). Increas-
ing the ratio-6 / ω-3 to the maximum can pose a risk 
to human health (Domiszewski et al.,2011).

3.4. Contribution of nutrition of the selected flakes 
to RDA and nutrition claims

 Table 5 shows the contribution of nutrition of the se-
lected flakes to RDA, nutrition claims, and Nutrient 
Reference Values (NRVs). The nutritional content was 
obtained from the  proximate analysis results and was 
compared with the nutritional needs of the general 
population based on the Nutrient Reference Values 
(NRVs) to obtain the nutritional contribution of the 
flakes to energy and nutrient needs, when taken with 
250 ml of milk. The Recommended Dietary Allow-
ance (RDA) is set at 2,150 kcal per day, and  require-
ments for breakfast meal energy is 20-25% of the daily 
RDA (Sukasih and Setyadjit 2012). The selected flakes 
provide an energy contribution of 8.69 % and 15.90 

% if consumed with milk. This value is less than the 
required compared with the  recommended break-
fast requirementswhich is 20-25% of daily nutritional 
needs (Sukasih and Setyadjit 2012).

Based on Table 5, the  selected flakes’ energy, protein, 
fat, and carbohydrate content  were 373.81kcal, 23.57 
g; 7.65 g, and 52.67 g per 100 g, respectively. Further-
more, the contribution of Fe, Ca, Na, and K content 
per 100 g of the selected flakes product was 3.98 mg, 
137.10 mg, 1381.64 mg, and 793.15 mg, respectively 
The selected flakes (F4) contributed 17.38 % of the to-
tal daily energy requirement.

According to Regulation No. 13 of The Indonesian 
Food and Drug Authority (BPOM 2016), a portion of 
processed food with a claim on the label must meet 
the requirements of intake per serving no more than 
18 g of total fat; 4 g saturated fat; 60 mg cholesterol; 
and 300 mg sodium. As the sodium contents in the 
selected flakes product are more than 300 mg, no nu-
trition claim can  be made for this food product.

When a reformulation can be conducted by reducing 
salt content to make the product contain sodium low-
er than 300 mg, a nutrition claim may then be pro-
posed. By this concern, the selected flakes (F4) satisfy 
about 39%, 24%, 18%, and 17% of NRVs for protein, 

Table 5. Contribution of nutrition of the selected flakes to RDA and nutrition claims

Ingredient
Nutritional 
content 
serving (50 g)

Milk

250 ml

F4 with 
milk

NRVs % RDA % RDA

General Serving Size 
50g 

Serving 
Size 50g 
with milk

Nutritional 
Claims

Energy (Kcal) 186.90 155 341.9 2150 8.69 15.90

Protein (g) 11.78 8.3 20.08 60 19.64 33.47 High protein

Fat (g) 3.82 8.38 12.2 67 5.7 18.21

Carbohydrate (g) 26.33 11.65 37.98 325 8.1 11.68

Fiber (g) 7.26 0 7.26 30 24.2 24.20 High fiber

Fe (mg) 1.99 0.08 2.07 22 9.045 9.40 Source iron

Ca (mg) 68.55 291 359.55 1100 6.23 32.68

Na (mg) 690.82 103 793.82 1500 46.05 52.92

K (mg) 396.57 369 765.57 4700 8.43 16.28 Source potassium
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dietary fiber, iron, and potassium, respectively. Based 
on BPOM (2016) regulation, the flakes product may 
be considered high protein because it contains more 
than 35% NRVs per 100 g product. These selected 
flakes also contain dietary fiber of more than 6g/100g 
and are considered as high fiber. The iron and potas-
sium contents in the selected flakes product are also 
higher than 15% of the NRVs for those minerals. Thus, 
the food product may also be classified as the source 
of iron and potassium when the sodium content can 
be reduced to be less than 300 mg per serving size.

3.5. Comparison of the selected flakes (F4) with 
other commercial flakes

Table 6 compares the nutritional content and dietary 
fiber in flakes products made from red beans and 
brown rice flour with commercial flakes products. 

The nutritional content of the selected flakes was 
compared to commercial flakes available in Indone-
sia and other countries from different manufacturers 
to compare the usage effects of red beans and brown 
rice flour based on the nutritional content of the flakes 
chosen. The total dietary fiber content in the select-
ed flake products was 14.525 mg/100g,  much greater 
than other commercial flake products. This high fiber 
is due to  red kidney beans, brown rice, and chia seeds. 
The protein content in the selected flake products was 
23.57%, higher than other commercial flake products. 
This high protein is due to the use of red kidney beans 
as a source of protein. The selected flakes provide an 
energy contribution of 368 kcal. The selected flakes 
contribute 52.67 g to carbohydrates. The nutritional 
value of the selected flakes product has higher protein, 
high fiber, and lower prices than other flakes.

Table 6. Comparison of the selected flakes (F4) with other commercial flakes

Product flakes

Weight

Nutritional Value
Calories Protein Fat Carbo

Hydrate

Dietary 
fiber

Price

(g) (kcal) (g) (g) (g) (g) (Rupiah)
Forbidden organic 
Brown Rice Flakes 

100 368 6.8 2 78.9 1.4 96600

Brown rice flakes 100 352.7 7.1 2.4 72.3 5.0 23658

Natural Brown rice 100 376.6 8.2 2 80 0 162400

Bigoz Organic Free 
Brown Rice Flakes

100 362 8 4.5 74.6 4.7 60248

Kellogs Coco pops 
Brown Rice

100 113 1.5 0.6 26.1 0.8 25000

Barbaras Brown Rice 
Crips non organic

100 160 2 1 25 1 102480

Selected Formula 100 373.8 23.5 7.6 52.67 14.52 15900
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4. Discussion

4.1. The Potential Effects of Dietary Fiber on Appe-
tite Regulation and Obesity

Dietary fiber has many functions in the diet, one of 
which may help control energy intake and reduce 
risks (diabetes, cardiovascular disease, obesity, bowel 
cancer, and constipation) which may lead to hemor-
rhoids when its effects are prolonged, and disorders 
that have serious negative effects on human health as 
a result of lifestyle changes. When there is an imbal-
ance in the diet or a lack of dietary fiber intake, it will 
lead to some health problems that may last a lifetime 
(Al Hammadi 2017). Fiber has lower energy density, 
and it contains fewer calories than protein and fat but 
a larger volume and is richer in micronutrients. One 
of the beneficial effects of fiber is promoting a feeling 
of fullness and desire to consume food, thus decreas-
ing food intake.  High-fiber foods can hold water and 
require more salivation and chewing, which therefore 
bring about satiety (Al Hammadi 2017). The recom-
mended daily  dietary fiber intake for healthy adults is 
between 20 and 38 grams per day. One serving of F4 
flakes contains 7.26 g of fiber, giving 24.2% fiber need-
ed per day. Hence, it can be classified as high fiber (6 g 
per 100 g) based on BPOM (2016).

Recent studies have clearly shown that increasing di-
etary fiber can cause weight loss by automatically re-
ducing calorie intake, slowing digestion, and the ab-
sorption of nutrients which helps prevent blood sugar 
levels from rising too quickly after eating and increas-
ing the feeling of fullness (Howarth et al., 2001). Ad-
ditionally, other epidemiological studies indicate an 
association between low fiber intake and higher BMI 
(Howarth et al., 2001). Importantly, fiber has been 
associated with reduced weight gain, reduced risk of 
obesity, and has become rare in people who eat a high 
fiber diet gaining less weight than those on a low-fiber 
diet (Slavin and Green 2007). Foods rich in fiber natu-
rally require more chewing effort and/or time. This is 
hypothesized by reducing the intake rate to promote 
satiation. 

4.2. The Potential Effects of High Protein Diet and 
Weight Loss 

The Recommended Dietary Allowances (RDAs) for 

protein are set at a minimum of 0.8 g/kg of body 
weight, whereas high-protein diets are advisable for 
approximately 1.2 g to 1.5 g/kg body weight and lower 
than 2 g/kg body weight. Based on the results of F4 
flakes, the contribution of protein intake was 19.64% 
per serving size, which can be considered  a high pro-
tein meal. Recently, scientific evidence has suggested 
that the right high-protein diet may be a useful tool 
in the fight against obesity, being more likely to help 
keep the weight off, improve weight maintenance, and 
increase satiety (Tang et al., 2013). Interestingly, the 
human body burns more calories in digesting protein 
than it does digesting carbohydrates or fat because 
protein has a higher rate of thermogenesis than three 
times the rate of carbohydrate and ten times the rate 
of fat so that it can control weight or the amount of 
energy required for the digestion, absorption, and 
metabolization of nutrients. Another scientific ev-
idence showed that a high-carbohydrate diet breaks 
down about 35% of lean tissue and 65% of fat, but a 
high-protein diet reduces lean tissue breakdown to 
20% while increasing fat breakdown to 80% (Tang et 
al., 2013).

Skipping or eating a low-protein breakfast pro-
motes protein breakdown rather than fat loss until 
a high-protein meal (more than 30 g) is consumed. 
During a catabolic state, muscle protein synthesis de-
creases while muscle protein breakdown increases. 
Thus, a high-protein breakfast slows protein break-
down and keeps people feeling fuller for longer. In 
light of these findings, breakfast becomes the most 
ctritical high-protein meal of the day. It can promote 
protein synthesis rather than energy intake, which 
means that eating high-quality protein throughout 
the day can protect lean tissues while losing weight 
(Tang et al., 2013).

5. Conclusion

In this research, breakfast meals (flakes) were devel-
oped with brown rice and red kidney beans as the 
main ingredients. Based on organoleptic and nutri-
tional content analysis, the best formula flakes were 
obtained from a formula based on the ratio of brown 
rice flour to red kidney bean flour (60:40) as the main 
ingredients (F4). These selected flakes contained 
a high amount of several nutrients but a relatively 
low amount of calories (373.81 kcal per 100 g). Im-
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portantly, it is high in protein and fiber, which may 
help consumers feel full longer and  make it a weight 
loss-friendly food. It also contains essential minerals, 
including iron and potassium. Expectedly, red beans 
flakes are suitable for consumption as a breakfast meal 
and maybe a good suggestion for reducing overweight 
and obesity.
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Appendix 

Analysis of Dietary Fiber Content (Asp and Björck 
1992).

The analysis of food fiber content with the enzymatic 
method begins with sample preparation,  weighing 10 
g of sample (W) into an Erlenmeyer flask, then adding 
25 ml of Na-phosphate buffer and making a suspen-
sion. Buffer is added to stabilize the termanyl enzyme. 
The Erlenmeyer flask was added 100 µl termanyl then 
the flask was closed and incubated at 100 °C for 15 
minutes while  occasionally stirring, and it was re-
moved and cooled. The addition of termanyl breaks 
down the starch by the gelatinization process first. Af-
ter that, 20 ml of distillate water was added, and the 
pH was adjusted to pH 1.5 by adding 4 M HCl, then 
adding 100 mg of pepsin. PH regulation aims to en-
sure optimum environmental conditions for pepsin 
activity. The Erlenmeyer flask was closed and incubat-
ed at 40 °C and agitated for 60 minutes. After reaching 
60 °C, Erlenmeyer was removed and added 20 ml of 
distilled water. The pH was adjusted to 6.8 by adding 
4 M NaOH (the optimum pH for pancreatin enzyme 
activity). After the pH is appropriate, 100 mg of pan-
creatin enzymes are added, then the flask is closed and 
incubated at 40 °C and agitated for 60 minutes. After 
that, the pH was lowered to 4.5 using HCl. The solu-
tion was filtered with a dry crucible of known weight 

(porosity 2) containing 0.5 g of dry celite, then washed 
2 times each with 10 ml of distilled water, and the final 
result was the residue and filtrate.

Analysis of Fatty Acids (AOAC 2005)

This study’s analysis of fatty acids used Gas Chroma-
tography (GC). The extraction process using the Sox-
hlet method is the first stage of fatty acid analysis, after 
which the fat is weighed up to 20 grams in the form of 
oil. The next stage is the methylation process, and this 
process aims to form compounds derived from fatty 
acids, namely methyl esters. The methylation process 
is carried out by flowing back the fatty acids in a wa-
ter bath using NaOH-methanol, isooctane, and BF3 
solvents. The 20 mg sample was put into a test tube, 
and 1 ml NaOH-methanol was added to the sample 
0.5 N, heated for about 20 minutes, and then refriger-
ated. 2 mL of 20% BF3 solution and 5 mg / mL inter-
nal standard, then the sample was heated again for 20 
minutes and cooled. After cooling with 2 mL saturat-
ed NaCl and 1 mL isooctane, the mixture was careful-
ly whipped. The isooctane solution is then transferred 
to a tube that has been mixed with 0.1 g of anhydrous 
Na₂SO₄ salt using a pipette and left for 15 minutes be-
fore adding up to 1 μl of the standard FAME mixture 
(Supelco 37 components of methyl fatty acid) Esther 
blend) then injected. 1 μl sample was injected into gas 
chromatography (GC). Fatty acid determination is 
done by injecting methyl ester into gas chromatogra-
phy with the following conditions: 

Column: Cyanopropyl methyl sil (capillary column
Column dimensions: p = 60 m, Ø in = 0.25 mm, 025 
μm Film Tickness
Flow rate N₂: 30 mL / minute                                           
Air flow rate: 400 mL / min
Flow rate He: 30 mL / minute H₂                                      
Injector temperature: 220 ̊C
Flow rate: 40 mL / min                                                        
Detector temperature: 240 ̊C
Column temperature: Program temperature

Column temperature: 
Split Ratio: 1:8
Inject Volum: 1 μL
Linear Velocity: 23.6 cm/sec 
Retention and peak times were measured for each fat-
ty acid and compared with standard retention times.  
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This is done to obtain information about the type and 
amount of fatty acids in the sample.  The fatty acid 
content in the sample can be calculated using the fol-
lowing formula:

Note: 
Ax = Sample area                                  
C standard = standard concentration 
V standard = Sample volume                          
As = Standard area

Calcium levels analysis using the atomic absorption 
spectroscopy (AAS) method (Apriyantono 1989)

The sample was prepared for calcium levels using wet 
ash. The sample was weighed 0.5-1.0 g and placed 
in an Erlenmeyer flask. Then 10 ml of concentrated 
H2SO4 solution and 10 ml of concentrated HNO3 
solution were added. Then the solution is heated until 
clear and left to stand even cold. The solution is then 
diluted and measured with ion-free water in a 100 ml 
measuring flask. The solution was then homogenized 
with a stirrer. The solution was filtered with Whatman 
42 filter paper and then read with AAS. The same pro-
cedure is performed for blanks. A standard Ca curve 
must be worked out in advance to calculate the Ca 
content in the sample. The calculation of the calcium 
content of a sample can be seen in the following cal-
culation formula:

Information:

mm of sample = length of sample curve of AAS  
reading
mm blank = length of AAS reading blank curve.

Analysis of Fe levels using the Atomic Absorption 
Spectrophotometry (AAS) Method (Tautkus et al., 
2004).

Analysis of sample Fe content has the same proce-
dure as analysis of Ca content, the only difference is 
the standard curve used. Ca content uses a standard 
Ca curve, while Fe content uses a standard Fe curve. 
Calculation of sample Fe content is carried out using 

the formula below:

Information:
mm of sample = length of sample curve of AAS  
reading
mm blank = length of AAS reading blank curve.
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