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ABSTRACT: Stunted growth (stunting) caused by malnutrition is a growing concern in Indonesia. The nutritional compo-
sition of cereals is important information for improving people’s nutrition. This research aimed to comparatively study the 
nutritional values of several Indonesian local cereal crops and provide a nutritional database for promoting local food with 
the aim of combating malnutrition. The cereals investigated included varieties of rice, corn, and sorghum. The nutritional 
analysis included ash, protein, fat, carbohydrates, dietary fiber, essential amino acids, vitamins, and minerals. A purposive 
sampling method was performed by collecting five lots from each sampling area and forming composite samples by combin-
ing 1∼2 kg of each sample, then mixed before laboratory analysis. The results showed that colored rice, colored corn and 
sorghum, contain richer essential nutrients, dietary fiber, and essential amino acids compared to white rice and corn. The 
highest protein content was found in sorghum (13.26%), followed by corn (9.18%), and rice (8.0%). The highest energy 
value was also found in sorghum (380.5 kcal/100 g), followed by corn (379.9 kcal/100 g), and rice (362.1 kcal/100 g). The 
same sequence was seen for the mineral contents, where the zinc and iron contents were 1.57 and 2.39 mg/100 g, respec-
tively for sorghum; 1.36 and 0.79 mg/100 g for corn; and 0.93 and 0.58 mg/100 g for rice. Accordingly, it can be concluded 
that sorghum has the highest nutritional value and therefore potential for combating malnutrition, while corn and rice are 
also highly nutritious and can be grown locally in order to combat malnutrition.
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INTRODUCTION

Stunting (stunted growth under the age of 5) is a condi-
tion in which a child’s growth and development are im-
paired due to poor nutrition and/or recurrent infection, 
mainly in the early years of life. Stunting can lead to cog-
nitive and developmental delays. Stunting is a significant 
public health issue, particularly in developing countries. 
According to the latest prevalence data (World Health 
Organization, 2014), Indonesia has one of the highest 
rates of stunting in Southeast Asia. In Indonesia, the 
number of children suffering from stunting dropped from 
27.7% in 2019 to 21.6% in 2022. However, the preva-
lence of wasting increased from 7.1% in 2021 to 7.7% in 
2022, and the prevalence of underweight rose from 16.3% 
in 2021 to 17.0% in 2022 (Badan Kebijakan Pembangunan 
Kesehatan, 2022). 

Although the prevalence of stunting is decreasing, this 
figure is still far from the 2020∼2024 National Medium 
Development Plan for Indonesia’s target of 14% (Badan 
Kebijakan Pembangunan Kesehatan, 2022).

Stunting, wasting, and underweight are categorized un-
der malnutrition and have become a national priority in 
Indonesia. Nutrient intake plays a vital role in supporting 
the development of children (Drennen et al., 2019) and 
low consumption of energy and protein causes growth 
failure. The causes of stunted, wasting, and underweight 
in children under 5 include lower intake of nutritious 
food and the presence of chronic infectious diseases. Tod-
dlers are at 1.59 times more risk of experiencing stunt-
ing when their protein intake is below the nutritional ad-
equacy level (Assis et al., 2004). Moreover, stunting often 
happens due to a dietary deficiency of zinc (Zn), iron (Fe), 
calcium (Ca), iodine (I), and vitamin A. The need for mac-
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Fig. 1. Black rice. Fig. 2. Red rice var. Cendana.

ro and micronutrients is higher for infants than for other 
age groups.

Cereals rank first as a staple food in the world. Rice and 
corn are the primary sources of carbohydrate in Indonesia. 
Indonesia’s national rice consumption averaged 103.62 
kg/person/year in 2019 (Candraningtyas et al., 2021). 
Reardon and Timmer (2014) suggested that rural con-
sumers in Asia consume approximately 70% of their daily 
calories from rice. Indonesia produces various types of ce-
real, including specialty rices (e.g., red and black) special-
ty corns (e.g., waxy and purple), and sorghum, which have 
specific nutritional contents and health benefits. Sorghum, 
in particular, has become part of Indonesia’s national 
food security program. Apart from being a source of car-
bohydrate, these local cereals also contain other essential 
microelements such as vitamins, minerals, dietary fiber 
(DF), and amino acids, and other bioactive components 
that confer health benefits. Therefore, information on the 
complete nutritional composition of these local varieties 
is essential for making location-specific staple food devel-
opment policies. In addition, the emergence of various 
health problems has a close relationship with the fact that 
most people consume only one type of staple food, result-
ing in the need to explore the nutritional components of 
these local varieties more comprehensively.

Based on the 2022 Indonesian Nutrition Status Survey 
Report, Aceh, East Nusa Tenggara (NTT), West Nusa 
Tenggara (NTB), Papua, and West Sulawesi are the prov-
inces with the highest prevalence of stunting in Indonesia 
(above 30%). In addition, Aceh and NTT have the most 
increased waste and underweight rates (Badan Kebijakan 
Pembangunan Kesehatan, 2022). One of the efforts to 
overcome malnutrition is to utilize nutritious local re-
sources such as cereals. Specialty sorghum is widely cul-
tivated in NTT, NTB, and Sulawesi, while specialty corn 

is commonly grown in Sulawesi. Sorghum has high nu-
tritional composition but the nutritional information is 
unknown and it is rarely used by food industries (Cheng 
et al., 2017).

This aim of this paper is to provide nutrition data to up-
date the Indonesian Food Composition Table and to ex-
pand the database for adequate food security. Informa-
tion regarding the nutrition and bioactive composition 
of cereals may help the promotion of local food for stunt-
ed or malnourished children’s dietary intake. The paper 
involves a comparative study of the nutritional values of 
Indonesian rice, corn, and sorghum.

MATERIALS AND METHODS

Samples of local cereals were taken from their specific 
producing areas in Bali and West Java (rice) and South 
Sulawesi (corn and sorghum), harvested in 2022. The 
sampling method used was purposive sampling. The rice 
varieties used in this study were black rice (glutinous 
rice) (Fig. 1), red rice (Fig. 2), and white rice (IR-42 and 
Ciherang). The corn varieties were purple corn (Fig. 3) 
and waxy corn (Fig. 4). A single variety of sorghum used 
was Sorghum var. Super-1 (Fig. 5). 

Five representative samples were collected from each 
lot. From every lot, 2∼5 kg of the cereals was placed in 
a plastic bag and sent to the laboratory. In the laboratory, 
the package contents constituting a unit sample were 
weighed individually. Before being analyzed, composite 
samples were prepared by combining 1∼2 kg of each 
sample prior to mixing. Compositing was employed to 
minimize the influence of outlier behavior from indivi-
dual variations within sample types. Then, aliquots were 
taken in triplicate for analysis in the laboratory.
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Fig. 3. Corn var. Srikandi (purple corn).

Fig. 4. Corn var. Pulut (white, waxy corn).

Fig. 5. Sorghum var. Super-1. 

Analysis
The moisture content, ash, protein, fat, carbohydrates, 
amino acids, vitamins (A, B1, B2, C, D), folic acid, and 
minerals (Ca, Na, Co, Zn, Fe, K) were analyzed. All the 
analytical determinations were performed using AOAC 
methods, as reviewed by Qanytah et al. (2022).

Starch: amylose and amylopectin 
Starch consists of two types of polysaccharide molecule: 
amylose and amylopectin. The starch content was deter-
mined by employing the Luff-Schoorl method (Subroto 
et al., 2020). The amylose content was quantified using 
a colorimeter developed by International Rice Research 
Institute and Juliano (1971). The amylopectin content 
was calculated by subtracting the amylose content from 
the starch content.

Fiber and ash contents
The fiber content was determined using Van Soest’s 
method (1963; reviewed by Jocelyne et al., 2020). The 
same method was employed to determine the ash content. 
In this method, a sample is burned until white ashes are 
obtained. A cap containing the sample was placed in a 
muffle furnace (PYROLABO) at 550°C for 5 h. Then, the 
sample was removed from the muffle furnace and left to 
cool in a dryer before weighing.

Beta-carotene and total carotene
Beta-carotene content was determined using a procedure 
adapted from previously reported methods (Paradiso et 
al., 2020). Samples (1 g) were weighed in covered test 
tubes. Extraction solvent (acetone) was added to reach 
up 20 mL and 160 mmol/L of pyrogallol was added to im-
prove the extraction efficiency. The mixture was then ho-
mogenized using an ultrasonic vibrator for 30 min in the 
dark. The extraction process was conducted three times 
and the mixtures obtained were then combined. The ex-
tracts were filtered using a 0.22 m filter and immedi-
ately analyzed using a UHPLC Ultimate 3000 (Thermo 
Fisher Scientific). The concentration of the compound 
was determined using calibration data from newly pre-
pared external standards at the time of analysis. The total 
carotene in all of the collected samples was determined 
using the method of Braniša et al. (2014). The method 
used for extract preparation was identical to the method 
described previously. An acetone : water mixture (4:1) 
was used as a solvent. The absorbance was measured at 
663.6 nm for chlorophyll a, 646.6 nm for chlorophyll b, 
and 470.0 nm for carotenoids. The content of each was 
calculated using the following equations:

Chlorophyll a (g/mL)=12.25A663.6−2.25A646.6

Chlorophyll b (g/mL)=20.31A646.6−4.91A663.6
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Total carotenoids (g/mL)

=
1,000A470−2.27(Chlorophyll a)−81.4(Chlorophyll b)

227

The results were expressed as fresh weight of sample 
(mg/g).

Data analysis
All of the experiments were conducted in triplicate. The 
data were processed to obtain the standard deviation 
(±SD) to show their variability using Microsoft Office 
Excel in Windows 11.

RESULTS AND DISCUSSION

The nutritional properties of Indonesian black rice, red 
rice, purple corn, waxy corn, and sorghum grain were an-
alyzed in this study. The proximate compositions of the 
cereals are listed in Table 1. The proximate composition 
included the moisture, carbohydrate, protein, lipid, ener-
gy, amylose, amylopectin, and DF contents.

Carbohydrates
Consuming starchy and carbohydrate-rich food can pre-
vent malnutrition, stunting, and wasting. Illnesses caused 
by the lack of carbohydrates can be controlled with a daily 
intake of 50∼100 g of carbohydrates. According to the 
Australian Dietary Guidelines, carbohydrates should pro-
duce 45∼60% of the body’s energy. The data from Table 
1 show that the carbohydrate content of the corn, rice, 
and sorghum analyzed ranged from 73% to 83%. Waxy 
corn (Pulut) ranked as the lowest source of carbohydrate, 
while rice var. IR-42 ranked the highest. The carbohydrate 
content of white rice is high (more than 80%) compared 
to other cereals (73∼78%). The carbohydrate content re-
sults of colored rice and corn were comparable with those 
from the study by Kumar et al. (2016) who reported the 
carbohydrate content for brown rice and maize as 76.2% 
and 74.3%, respectively. Yankah et al. (2020) demon-
strated that brown rice contains a high carbohydrate 
content (77.94±0.32%). Meanwhile, Suarni (2016) re-
ported the sorghum (var. Kawali) carbohydrate content 
as 75.66%, while Niro et al. (2019) reported it to be 
74.5%. According to Jocelyne et al. (2020), maize has a 
lower carbohydrate content (75.48%) than purple corn 
(78.64%).

Carbohydrates are required infant feeding because they 
supply energy for growth, bodily functions, and activities. 
Therefore, in infants over 6 months of age, additional 
carbohydrates must be given as complementary foods, 
such as cereals and products made from flour, fruits, and 
vegetables (Hardinsyah and Supariasa, 2016). 

Starch is the main source of energy in most food crops. 
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In the study, the starch contents of corn, rice, and sor-
ghum were found to range from 68.34% to 71.86% (Ta-
ble 1). The highest content was found in white rice (var. 
IR-42 and Ciherang), followed by colored rice (red and 
black rice), corn, and finally sorghum. Starch is the most 
important energy source for humans. However, the 
amount of energy intake and ability to increase circula-
tion blood glucose levels do not always coincide with the 
starch content or carbohydrate intake. Resistant starch 
is defined as the amount of starch and starch digestion 
products that cannot be absorbed by a healthy human 
intestine. Therefore resistant starch does not produce en-
ergy. Carbohydrates that are broken down slowly, such as 
resistant starch, tend to decrease the glycemic response 
(Astawana and Widowati, 2011). 

Among the cereals analyzed, sorghum had the highest 
amylose content (26.48%), followed by rice var. IR-42 
(26.27%), red rice (22.90%), and purple corn (20.75%), 
while waxy corn had the lowest amylose content (10.07%). 
Amylopectin comprised a significant portion of starch in 
all the studied commodities, ranging from 41.87% (sor-
ghum) to 58.44% (waxy corn). This is a characteristic of 
food crop sources of carbohydrate. Corn starch usually 
contains around 72% amylopectin and 28% amylose, and 
includes a little fat and protein (Wang et al., 2023). In 
this study, the amylose and amylopectin content of starch 
from Srikandi (purple) and Pulut (waxy) maize were 
found to be below these values, indicating that the botan-
ical origin and type of corn determine the amylose and 
amylopectin content.

Protein
Protein is needed to support the growth of the human 
body. Deficiency of this nutrient creates conditions that 
result in system failures that can cause stunting (Golden, 
2010). Protein functions as a builder of new tissue during 
the growth and development of the body, maintaining, 
repairing, and replacing damaged tissue (Wulandary and 
Sudiarti, 2021). Therefore, a high protein diet incorporat-
ing several local commodities such as sorghum, rice, and 
corn is an alternative technique for reducing stunting.

The protein content of the crops analyzed in this study 
ranged from 6.18% to 13.26%: white rice had the lowest 
protein content (7%), followed by colored rice (8∼9%), 
corn (>9%), and sorghum (13.26%). The protein level in 
sorghum Super-1 is much higher (13.26%) than that of 
other varieties of sorghum, such as sorghum Kawali 
(8.07%) and African sorghum (8.99%), and that of maize 
(7.1%) (Jocelyne et al., 2020). Sorghum seeds contain a 
10.4% higher protein content compared to rice (Suarni 
and Aqil, 2020). Widowati and Luna (2022) reported that 
various varieties of sorghum contained between 8.72% 
and 12.10% protein content.
Protein requirements: The daily protein requirement for 

adults is 0.66 g/(kg BW.d), while the requirement for chil-
dren and infants is slightly higher (Holt and Snyderman, 
1965; Otten et al., 2006d). Up to the age of 3, an infant 
requires an estimated 0.87 g protein/(kg BW.d), while 
children over the age of 3 years require 0.73 g/(kg BW.d) 
of protein for growth and maintenance. 
Estimated target cereal intake to meet the protein requirement: 
The total protein requirements proposed by World Health 
Organization (WHO) and Institute of Medicine (IOM) 
were used to generate theoretical cereal intake levels to 
meet dietary needs. The calculations of “target” daily in-
takes to meet nutrient requirements are the sole source 
of protein consumed in the diet. Although a daily diet 
should be combined with other food, this exercise helps 
us to understand cereals’ maximum potential in adults 
and young children (Table 2). One hundred grams of ce-
real provides approximately 376 kcal (FatSecret, 2023). 
The average estimated energy requirement for Indonesian 
people is 2,100 kcal/d (Peraturan Menteri Kesehatan, 
2019); therefore a daily cereal intake of ±550 g is re-
quired. 

Lipids
One of the disturbances that can cause malnutrition in 
toddlers is the lack of consumption of essential fats. Fat 
intake during toddlerhood is recommended from foods 
with sources of essential fatty acids such as nuts, vegeta-
ble oils, whole grains, and brown rice. 

In this study, lipid content of white rice (IR-42 and 
Ciherang) was found to be lower than that of the other 
cereals. The highest lipid content was found in purple and 
waxy corn (4.28% and 4.30%), values which were com-
parable with the results reported by Jocelyne et al. (2020) 
(4.85%). The lipid content of sorghum was found to be 
2.09%, slightly lower than the value reported in pre-
vious studies by Suarni (2016), Niro et al. (2019), and 
Widowati and Luna (2022), who reported the lipid con-
tents of sorghum to be 2.5, 2.6, and 2.48%, respectively.

Energy
Fulfilling the energy needs of infants and toddlers (in-
fants under 5 years old) has the objective of physical and 
psychomotor growth and development, carrying out phys-
ical activity, and providing adequate nutrition for main-
tenance and/or restoration and improvement of health 
(Gat-Yablonski and Phillip, 2015).

DF
DF resists digestion and absorption in the human small 
intestine. During digestion, DF passes into the large in-
testine and can be entirely or partially fermented by the 
resident microbial population, promoting beneficial phys-
iological effects (DeVries et al., 2001). DF promotes phys-
iological benefits such as lowering the blood cholesterol 
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Table 2. Estimated target daily intakes to meet a reference adult’s and child’s protein requirements

Commodity Nutrient 
reference

Amount (g) 
in 100 g 

commodities 

Adult Child 

Requirement
(g/d)

Intake to meet 
the requirement (g/d)

Requirement 
(g/d)

Intake to meet the 
requirement (g/d)

Purple corn WHO 9.14 46.201) 505 8.76 96
Waxy corn WHO 9.22 46.20 501 8.76 95
Red rice WHO 8.19 46.20 564 8.76 107
Black rice WHO 9.28 46.20 498 8.76 94
Rice var. IR-42 WHO 6.18 46.20 748 8.76 142
Rice var. Ciherang WHO 8.36 46.20 553 8.76 105
Sorghum WHO 13.26 46.20 348 8.76 66
Purple corn IOM 9.14 46.20 505 10.44 114
Waxy corn IOM 9.22 46.20 501 10.44 113
Red rice IOM 8.19 46.20 564 10.44 127
Black rice IOM 9.28 46.20 498 10.44 113
Rice var. IR-42 IOM 6.18 46.20 748 10.44 169
Rice var. Ciherang IOM 8.36 46.20 553 10.44 125
Sorghum IOM 13.26 46.20 348 10.44 79
1)Requirements calculated for a 70-kg adult and 12-kg child using recommendations provided by World Health Organization (WHO) 
(Holt and Snyderman, 1965) and Institute of Medicine (IOM) (Otten et al., 2006d). 

and blood glucose, thereby decreasing the risk of cardio-
vascular disease and diabetes (DeVries et al., 2001; Lars-
son and Wolk, 2014) and minimizing the risk of inflam-
matory bowel disease and colorectal cancer (Govers et al., 
1999). 

In the present study, corn var. Srikandi (purple corn) 
had the highest DF content (14.95%), followed by corn 
var. Pulut (waxy corn) (10.90%). The other cereals show-
ed comparable values of DF contents (5.27∼6.99%), but 
rice var. IR-42 had a much lower DF content (4.32%). Ac-
cording to Foster-Powell et al. (2002), the DF content of 
corn is higher than that of white rice, and also has a low-
er glycemic index (62). For rice, the difference in DF can 
be attributed to the processing conditions. During the 
rice milling process, particularly those that use several 
rounds of polishing, the level of DF is reduced because 
the rice bran is removed. DF has a crucial role in main-
taining human health. This component affects the assim-
ilation of glucose and lowers serum cholesterol. Accord-
ing to Widowati et al. (2006), higher food fiber contents 
tend to reduce food’s glycemic index. Therefore, the corns 
analyzed in this study have potential as DF sources. DF 
can also help improve malnutrition in people suffering 
from physiological alterations in alcohol disorders. DF in-
take, particularly soluble DF intake, is associated with re-
duced gastrointestinal discomfort (Amadieu et al., 2021).

Beta-carotene and total carotene
Carotenoids are the primary source of vitamin A in many 
developing countries where diets are primarily plant- 
based. Cereals provide most calories in developing coun-
tries, and most cereal grains accumulate carotenoids, par-
ticularly lutein, zeaxanthin, -carotene, and -cryptoxan-
thin. Previous studies have demonstrated that caroten-

oids are present in sorghum grains, and that -carotene 
is the main provitamin A carotenoid (Afify et al., 2012). 
Carotenoids are a significant group of bioactive com-
pounds with health-promoting properties (Fiedor and 
Burda, 2014) and are responsible for the color of a wide 
variety of grains (Fratianni et al., 2017). Some caroten-
oids are the precursors of retinol (vitamin A) and are 
powerful natural antioxidants. Carotenoids are known to 
be efficient physical and chemical quenchers of singlet 
oxygen and potent scavengers of other reactive oxygen 
species (Fiedor and Burda, 2014).

In this study, we found that sorghum had the highest 
beta-carotene and total carotene contents (3,347.66 and 
6,428.10 g/100 g, respectively) among the cereals tested 
(Table 3). The grain with the second highest carotenoid 
content was purple corn var. Srikandi (776.27 g/100 g 
of -carotene and 1,701.10 g/100 g of total carotene). 
Purple corn was found to have the highest vitamin A con-
tent (116.50 g/100 g), while sorghum contained only 
1.20 g/100 g of vitamin A. In a previous study (Niro et 
al., 2019), the -carotene content was reported to be 
9,860 g/100 g.

Vitamins 
Vitamins are organic compounds that are required in 
small amounts to perform at least one specific metabolic 
function. The body cannot synthesize these substances; 
therefore, they must be supplied from the food consum-
ed. It is known that some vitamins play essential roles in 
the growth and development of children and thus have a 
relationship with stunting (Mikhail et al., 2013; Iqbal et 
al., 2019). Plenty of studies have shown the positive con-
tribution of vitamins A and C to the growth of healthy 
children (Maggini et al., 2010).
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Table 3. Carotenoid and vitamin composition of sampled cereals

Commodity Beta-carotene 
(g/100 g)

Total carotene 
(g/100 g)

Vit A/retinol 
(g/100 g)

Vit B1 
(mg/100 g)

Vit B2 
(mg/100 g)

Vit B3 
(mg/100 g)

Folic acid
(mg/100 g)

Purple corn 776.27±11.07 1,701.10±2.70 116.50±0.79 0.05±0.00 0.00±0.00 4.70±0.19 0.12±0.01
Waxy corn 0.26±0.00    87.00±7.50 0.37±0.01 3.76±0.47 0.23±0.04 3.71±0.15 0.08±0.00
Red rice NA NA NA 0.34±0.00 NA NA 0.02±0.00
Black rice NA NA NA 0.26±0.03 0.15±0.34 NA 0.27±0.02
Rice var. IR-42 NA NA NA 0.32±0.00 0.01±0.00 1.48±0.34 0.07±0.00
Rice var. Ciherang NA NA NA 0.18±0.02 0.01±0.00 1.55±0.03 0.06±0.00
Sorghum 3,347.66±202.5 6,428.10±1.07 1.20±0.04 0.36±0.01 1.12±0.00 3.14±0.10 0.05±0.01
RDA (Institute of 
Medicine of the 
National 
Academies, 
2005)

1,942 (162 g 
RAE) for men 
31~50 years

1,353 to 
1,966 g/d for 

men and 
women

744 to 811 
g/d for men 

and 530 to 716 
g/d for 
women

2 mg/d for 
men and 1.5 

mg/d for 
women

1.2 mg/d for 
men and 1.1 

mg/d for 
women

16 mg/d for 
men and 14 

mg/d for 
women

Values are presented as mean±SD.
NA, not analyzed; RDA, Recommended Dietary Allowance. 

Regarding the B vitamins, thiamine (vitamin B1) is a 
significant water soluble vitamin, as it is a co-factor of 
several key enzymes that are involved in carbohydrate 
metabolism and defense mechanism (Hrubša et al., 2022). 
The Recommended Dietary Allowance (RDA) for thia-
mine for infants aged 6∼11 months is 0.4 mg; children 
aged 1∼3 years, 0.5 mg; and adults, 1.1∼1.2 mg (Minis-
try of Health of the Republic of Indonesia, Regulation No. 
28/2019; Peraturan Menteri Kesehatan, 2019). The three 
types of cereal studied (rice, corn, and sorghum) general-
ly contain water soluble B vitamins. In this study, the 
thiamine (vitamin B1) content ranged from 0.05∼3.76 
mg/100 g. The highest thiamine content was found in 
waxy corn (3.76 mg/100 g), followed by sorghum (0.36 
mg/100 g). The thiamine content of waxy corn was much 
higher than that in the other cereals. We found that waxy 
corn contained 10 times more thiamine than the other 
cereals (rice and sorghum). 

Riboflavin (vitamin B2) is a precursor of the coenzymes 
flavin mononucleotide and flavin adenine dinucleotide, 
which are components of oxidases and dehydrogenases. 
It is also essential for skin health and normal vision and 
can be found in whole cereals, bread, leafy green vegeta-
bles, and milk products (Zhang et al., 2018). In this study, 
we found that sorghum had the highest riboflavin con-
tent (1.12 mg/100 g; Table 3).

For niacin (vitamin B3), the data showed that corn had 
the highest niacin content (3.71∼4.70 mg/100 g), follow-
ed by sorghum (3.14 mg/100 g), and rice (1.48∼1.55 
mg/100 g). The RDA for niacin is 4 mg for infants, 6 mg 
for children aged 1∼3 years, and 14∼16 for adults 
(Peraturan Menteri Kesehatan, 2019). Niacin functions 
as a co-substrate or coenzyme with numerous dehydro-
genases for transferring the hydride ion. The primary 
method used to estimate the requirement for niacin re-
lates intake to the urinary excretion of niacin metabolites. 
The condition is expressed in niacin equivalents, allowing 

some conversion of the amino acid tryptophan to niacin 
(Otten et al., 2006d). Tryptophan is also food source of 
niacin because this amino acid can be converted to nic-
otinamide adenine dinucleotide, mainly in the liver 
(Fricker et al., 2018). Despite of its richness in niacin, 
corn usually lacks tryptophan; nonetheless, niacin is 
bound to carbohydrates, which makes it difficult for the 
human body to absorb. To be absorbed, corn should be 
processed, such as by nixtamalization, where corn is 
treated with calcium hydroxide, cooked, and ground, or 
by combining corn with other niacin and tryptophan rich 
sources such as soybean (Rudini and Ayustaningwarno, 
2013). By applying this method, the niacin content in 
cereal can be improved and can prevent pellagra disease, 
which is caused by deficiency of niacin and tryptophan.

Minerals
According to Tulchinsky (2010), minerals are essential 
nutrients that are required in small amounts for various 
physiological processes, such as building strong bones, 
transmitting nerve impulses, and regulating the body’s 
fluid balance. Many different minerals are essential for 
maintaining good health, including calcium, sodium, cop-
per, zinc, iron, potassium. These minerals can be obtain-
ed from various food sources, including fruits, vegetables, 
whole grains, and lean proteins. Therefore, it is essential 
to consume a balanced diet that includes a variety of nu-
trient-rich foods to ensure that our body is getting all of 
the minerals and other nutrients it needs to stay healthy.
Calcium (Ca): Calcium is an essential mineral that plays a 
vital role in maintaining healthy bones and teeth and sup-
porting proper muscle function and nerve transmission 
(Tulchinsky, 2010). Table 4 shows that sorghum is a po-
tent source of calcium, with an average content of 12.52 
mg/100 g. This content was the highest compared to the 
other local commodities; red rice and black rice showed 
calcium contents of 9.26 and 7.50 mg/100 mg, respec-



478  Winarti et al.

Table 4. Mineral composition of the sampled cereals (unit: mg/100 g)

Commodity Ca Na Cu Zn Fe K

Purple corn 0.47±0.27 14.56±0.05 0.29±0.00 1.36±0.01 0.79±0.00 652.49±12.19
Waxy corn 2.48±0.41 14.03±0.06 0.06±0.00 0.39±0.00 0.38±0.01 312.64±3.29
Red rice 9.26±1.01 6.81±0.04 0.35±0.00 0.93±0.01 0.40±0.01 451.68±4.43
Black rice 7.50±0.15 3.44±0.09 0.18±0.00 1.26±0.01 0.17±0.01 1,032.91±19.26
Rice var. IR 42 2.10±0.33 1.04±0.04 0.34±0.00 0.20±0.00 0.15±0.01 62.21±1.96
Rice var. Ciherang 4.37±0.25 1.28±0.03 0.15±0.00 0.40±0.00 0.58±0.01 338.80±7.15
Sorghum 12.52±0.20 1.26±0.08 0.29±0.00 1.57±0.06 2.39±0.01 361.99±1.53

Values are presented as mean±SD.

tively. Similar to the results presented by Kumar et al. 
(2016), we established the calcium content of sorghum 
to be 13.00 mg/100 g. However, the results of a study by 
Yankah et al. (2020) showed that the calcium content of 
local Ghanaian corn, reached 21.40 mg/100 g. daily cal-
cium intake varies depending on age and gender, but it is 
approximately 1.0 mg/d for most adults (Otten et al., 
2006a).
Sodium (Na): Sodium is vital in maintaining healthy blood 
pressure and supporting cardiovascular health. However, 
it is essential to consume sodium in moderation. Consum-
ing too much sodium can increase the blood pressure 
and the risk of developing health problems such as heart 
disease, hypertension, and prehypertension (Doyle and 
Glass, 2010).

In this study, we found that the highest sources of so-
dium sources were purple corn and waxy corn (14.56 and 
14.03 mg/100 g, respectively). These results were sim-
ilar to those from the studies conducted by Kumar et al. 
(2016) and Jocelyne et al. (2020), where the average con-
tent of sodium in cereals and grains ranged from 2 to 7 
mg/100 g. Therefore, with a high enough sodium con-
tent, purple and waxy corn can be the best choice to be-
come a local food source as a good source of sodium for 
health. Meanwhile, Oria et al. (2019) showed that the 
daily sodium intake for most adults was no more than 
2.3 mg/d, but some individuals, such as those with high 
blood pressure or certain medical conditions, may reduce 
the consumption.
Copper (Cu): Copper is involved in forming red blood cells, 
connective tissue, and various enzymes, and it also helps 
to support immune function. The highest copper content 
in observed local products was found in red rice (0.35 
mg/100 g). This result was lower that reported in the 
study conducted by Jocelyne et al. (2020), showing that 
grain products contain 0.74 mg/100 g copper. Meanwhile, 
the recommended daily intake of copper for most adults 
is around 900 g per day. Copper deficiency is rare in de-
veloped countries (Otten et al., 2006b).
Zinc (Zn): According to Hemalatha et al. (2007), zinc is 
the fourth most crucial micronutrient after vitamin A, 
iron, and iodine, and it is now receiving increasing global 
attention. Zinc is vital for proper immune function, 

wound healing, and DNA synthesis, and it also plays a 
role in taste and smell perception. Sorghum was found 
to have the highest zinc content (1.57 mg/100 g), follow-
ed by purple corn and black rice (1.36 and 1.26 mg/100 g, 
respectively). These results are almost the same as those 
reported in a study conducted by Jocelyne et al. (2020), 
where most cereals were reported to have a zinc content 
of 0.83∼2.37 mg/100 g, with the highest found in fonio 
and sorghum (2.27 and 4 mg/100 g, respectively). In ad-
dition, Hemalatha et al. (2007) reported that sorghum 
had the highest zinc content compared to other cereals 
(2.26 mg/100 g), including rice. Therefore, it is reason-
able to use sorghum as one of the local cereal commod-
ities to be used as a primary food source of zinc. The rec-
ommended daily zinc intake varies depending on age and 
gender, but for most adults, it is around 8∼11 mg/d 
(Otten et al., 2006e).
Iron (Fe): Iron is a component of hemoglobin, a protein in 
red blood cells that carries oxygen from the lungs to the 
rest of the body. Iron is a common nutritional deficiency 
worldwide, leading to anemia, fatigue, and other health 
problems. With a content of 2.39 mg/100 g, sorghum can 
be used as a food source to reduce the occurrence of iron 
deficiency. However, the iron content in the sorghum 
tested was far lower than that reported in the sorghum 
analysis carried out by Hemalatha et al. (2007), where the 
Iron content of the tested sorghum reached 6.51 mg/100 
g. This can be compared with the iron content in rice, the 
staple food of most Indonesians, which is 0.5 mg/100 g. 
Meanwhile, the recommended daily iron intake varies 
depending on age and gender, but for most adults, it is 
between 8 and 18 mg/d (Otten et al., 2006c).
Potassium (K): Potassium helps to regulate fluid balance, 
maintain proper muscle and nerve function, and support 
heart health. The results showed that black rice had the 
highest potassium content (1,032.91 mg/100 g), followed 
by purple corn and red rice (652.49 and 451.68 mg/100 g, 
respectively). This makes black rice an excellent source of 
potassium. This result is higher than the potassium con-
tent in wheat, maize, sorghum, millet, and fonio (Jocelyne 
et al., 2020). The range of potassium wheat content has 
been reported to be 112.19∼283.80 mg/100 g (Ibid.). The 
recommended daily potassium intake for most adults is 
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Table 5. Amino acid composition of the sampled cereals (Unit: g/100 g)

Amino acid Purple corn Waxy corn Red rice Black rice Sorghum

Essential amino acid
  Phenylalanine 0.89±0.14 0.46±0.01 0.64±0.09 0.56±0.05 0.94±0.06
  Isoleucine 0.44±0.17 0.27±0.04 0.31±0.04 0.34±0.08 0.54±0.02
  Valin 0.44±0.05 0.37±0.00 0.45±0.01 0.50±0.01 0.66±0.02
  Threonine 0.44±0.02 0.34±0.01 0.34±0.03 0.38±0.04 0.50±0.03
  Histidine 1.49±0.04 0.96±0.01 0.92±0.02 0.88±0.02 1.28±0.02
  Leucine 1.31±0.53 1.05±0.42 0.67±0.19 0.76±0.23 2.12±0.06
  Lysine 0.31±0.09 0.22±0.00 0.27±0.02 0.29±0.00 0.15±0.00
Non essential amino acid
  Alanine 0.63±0.08 0.58±0.07 0.42±0.08 0.47±0.12 1.14±0.02
  Arginine 0.60±0.06 0.41±0.01 0.77±0.08 0.79±0.06 0.43±0.02
  Glycine 0.35±0.17 0.49±0.01 0.42±0.08 0.45±0.10 0.37±0.12
  Aspartic acid 0.44±0.10 0.40±0.00 0.58±0.00 0.66±0.05 0.59±0.00
  Tyrosine 0.39±0.04 0.29±0.01 0.37±0.06 0.40±0.04 0.55±0.01
  Proline 0.93±0.00 0.73±0.01 0.37±0.00 0.42±0.01 1.17±0.03
  Serin 0.59±0.14 0.46±0.01 0.45±0.03 0.51±0.04 0.69±0.23
  Glutamic acid 1.63±0.03 1.36±0.04 1.21±0.02 1.38±0.06 2.44±0.19

Values are presented as mean±SD.

around 2.5 mg/d, although individual needs may vary 
depending on age, gender, and health status. 

Amino acids
Dietary protein plays an essential role in childhood brain 
development and growth. Protein quality is determined 
based on the completeness of the amino acid content in 
the food intake. Insufficient intake of essential amino 
acids (EAAs) can disturb the metabolic process that di-
rectly impacts the linear growth of children (Rizky 
Maulidiana and Sutjiati, 2021). Semba et al. (2016) re-
ported that children with stunting had lower serum con-
centrations of all nine EAAs (tryptophan, isoleucine, leu-
cine, valine, methionine, threonine, histidine, phenyl-
alanine, and lysine) compared with non-stunted children. 
In addition, stunted children had significantly lower se-
rum concentrations of conditionally EAAs (arginine, gly-
cine, glutamine), non EAAs (asparagine, glutamate, ser-
ine), and six different sphingolipids compared with non 
stunted children. These findings were agreed by Uauy et 
al. (2016), who emphasized the evidence regarding the 
link between inadequate protein and amino acid intake 
and stunting in children. Research conducted in Indone-
sia among under-fives in Malang City, East Java, also con-
cluded that stunted children might not receive sufficient 
dietary intake of EAAs (Rizky Maulidiana and Sutjiati, 
2021). 

This study shows that the most complete EAA content 
is in sorghum, followed by corn and rice. The highest 
EAA content value in sorghum is for leucine (2.12 g/100 
g), followed by histidine (1.28 g/100 g), phenylalanine 
(0.94 g/100 g), and valine (0.66 g/100 g; Table 5). Ac-
cording to Suarni (2016), the lysine content of sorghum 
seeds is much higher than that found in corn and slightly 

higher than that found in rice. Likewise, the leucine and 
isoleucine contents are relatively higher in sorghum than 
in rice and corn. The histidine content in the Super-1 sor-
ghum in this research was found to be much higher 
(1.28 g/100 g) than that of colored sorghum from South 
Africa reported by Nemukondeni et al. (2022): 0.37 g/100 
g for brown sorghum and 0.30 g/100 g for red sorghum. 
L-histidine is an EAA whose deficiency can cause neuro-
logical disorders, atopic dermatitis, metabolic syndrome, 
diabetes, uremic anemia, ulcers, inflammatory bowel 
diseases, malignancies, and muscle performance during 
strenuous exercise (Holeček, 2020). 

In the study by Nemukondeni et al. (2022), the valine 
and leucine contents of the African brown variety of sor-
ghum had a higher concentration (0.61 and 1.63 g/100 g) 
as well as white variety of sorghum (0.52 and 1.42 g/100 
g), a bit lower compared to the research result of this 
study, which were 0.66 and 2.12 g/100 g for Super-1 sor-
ghum variety. The phenylalanine content of our study was 
higher (0.94 g/100 g) than that reported by Nemukondeni 
et al. (2022) which contain 0.74 g/100 g. The EAA con-
tents (leucine, histidine, and phenylalanine) in purple 
corn are higher (1.31, 1.49, and 0.89 g/100 g) than those 
in waxy corn (1.05, 0.96, and 0.46 g/100 g), respectively. 

The analysis of tryptophan requires a special method, 
which is different from the analysis of other EAAs. The 
current study did not analyze tryptophan. However, Aqil 
and Firmansyah (2008) reported that new superior varie-
ties of corn contain tryptophan contents of around 0.12∼ 
0.13 g/100 g. The EAA contents of black and red rice are 
relatively comparable for all EAAs but lower compared 
to sorghum and purple corn, as shown in Table 5. Ac-
cording to Serna-Saldivar and Espinosa-Ramírez (2018), 
the lysine content of sorghum meets approximately 40% 
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of the RDA for infants. The lysine content of the Indo-
nesian sorghum tested in this study was 0.152 g/100 g, 
much higher than that reported for South African sor-
ghum (0.10∼0.13 g/100 g; Nemukondeni et al., 2022). 
The highest lysine content in the observed cereals was 
found in purple corn (0.308 g/100 g), followed by black 
rice (0.290 g/100 g). The nonessential AAs content was 
also higher in sorghum than in the other cereals, especial-
ly the alanine, proline, serine, and glutamic acid content. 

The implication of the superiority of local cereal for 
children’s growth can be applied in the formulation of 
complementary food or weaning food for toddlers. To im-
prove the nutritional quality of the food in terms of EAA 
profile, the use of two or more plant-based food materi-
als, such as cereal and legumes, in the preparation of com-
plementary foods for toddlers has been proven via various 
scientific studies (Kumari et al., 2017; Tasie and Gebreyes, 
2020; Keyata et al., 2021). Kumari et al. (2017) used sor-
ghum and soybean for weaning food; Keyata et al. (2021) 
utilized sorghum, soybean flour, and other local material 
from Ethiopia as complementary food. Tadesse and 
Gutema (2020) found that using sorghum, common bean, 
and carrot flour blends in complementary food could sig-
nificantly enhance the protein content without compro-
mising consumer acceptance. Other researchers formu-
lated weaning food based on maize and crayfish (Ajibola 
et al. 2016). Onoja et al. (2014) mentioned that, like every 
other cereal, it is ideal to combine cereals with legumes 
as this will improve their nutritional value.

ACKNOWLEDGEMENTS

The authors thank the Indonesian Center for Agricultural 
Post Harvest Research & Development, the Indonesian 
Agency for Agricultural Research and Development, the 
Ministry of Agriculture, and the AFACI Project. 

FUNDING

Part of the Establishment of Asian Food Composition 
Database Network 2022 (AFACI Project) funding/total: 
USD 30,000, in 2021∼2022. 

AUTHOR DISCLOSURE STATEMENT

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

Concept and design: CW, SW, WN, SMW, NS, QN. Analy-

sis and interpretation: CW, SW, WN, SMW, NS, QN. 
Data collection: all authors. Writing the article: WN, NS, 
SMW, QN. Critical revision of the article: CW, SW. Final 
approval of the article: all authors. Statistical analysis: 
CW, SMW, NS. Obtained funding: QN. Overall respon-
sibility: all authors.

REFERENCES

Afify Ael-M, El-Beltagi HS, El-Salam SM, Omran AA. Biochemical 
changes in phenols, flavonoids, tannins, vitamin E, -carotene 
and antioxidant activity during soaking of three white sorghum 
varieties. Asian Pac J Trop Biomed. 2012. 2:203-209.

Ajibola CF, Fagbemi TN, Osundahunsi OF. Nutritional quality of 
weaning foods formulated from maize gruel ‘Ogi’ and crayfish 
using combined traditional processing technology. Adv Res. 
2016. 6:1-11.

Amadieu C, Leclercq S, Coste V, Thijssen V, Neyrinck AM, Bindels 
LB, et al. Dietary fiber deficiency as a component of malnutrition 
associated with psychological alterations in alcohol use dis-
order. Clin Nutr. 2021. 40:2673-2682.

Aqil SM, Firmansyah IU. Effect of drying temperature on nutri-
tional quality of protein maize. Proceedings of the 10th Asian 
Regional Maize Workshop. Maize for Asia: Emerging Trends 
and Technologies. 2008 Oct 20-23. p 80-82.

Assis AM, Prado MS, Barreto ML, Reis MG, Conceição Pinheiro 
SM, Parraga IM, et al. Childhood stunting in Northeast Brazil: 
the role of Schistosoma mansoni infection and inadequate dietary 
intake. Eur J Clin Nutr. 2004. 58:1022-1029.

Astawana M, Widowati S. Evaluation of nutrition and glycemic 
index of sweet potatoes and its appropriate processing to 
hypoglycemic foods. Indones J Agric Sci. 2011. 12:40-46.

Badan Kebijakan Pembangunan Kesehatan. Buku saku: hasil survei 
status gizi Indonesia (SSGI) 2022. Kementerian Kesehatan 
Republik Indonesia. 2022. p 5-11.

Braniša J, Jenisová Z, Porubská M, Jomová K, Valko M. Spectro-
photometric determination of chlorophylls and carotenoids. 
An effect of sonication and sample processing. J Microbiol 
Biotechnol Food Sci. 2014. 3:61-64.

Candraningtyas P, Jati WS, Fadhlullah, Fauzan IF, Suhesti NT. 
Konsumsi bahan pokok 2019. Badan Pusat Statistik. 2021. p 
25-30.

Cheng A, Mayes S, Dalle G, Demissew S, Massawe F. Diversifying 
crops for food and nutrition security－a case of teff. Biol Rev 
Camb Philos Soc. 2017. 92:188-198.

DeVries JW, Camire ME, Cho S, Craig S, Gordon D, Jones JM, et 
al. The definition of dietary fiber. Cereal Foods World. 2001. 
46:112-126.

Doyle ME, Glass KA. Sodium reduction and its effect on food 
safety, food quality, and human health. Compr Rev Food Sci 
Food Saf. 2010. 9:44-56.

Drennen CR, Coleman SM, Ettinger de Cuba S, Frank DA, Chilton 
M, Cook JT, et al. Food insecurity, health, and development in 
children under age four years. Pediatrics. 2019. 144:e20190824. 
https://doi.org/10.1542/peds.2019-0824

FatSecret. 100 g cereal. 2023 [cited 2023 May 15]. Available from: 
https://www.fatsecret.co.uk/calories-nutrition/generic/cere
al?portionid=53258&portionamount=100.000

Fiedor J, Burda K. Potential role of carotenoids as antioxidants in 
human health and disease. Nutrients. 2014. 6:466-488.

Foster-Powell K, Holt SH, Brand-Miller JC. International table of 
glycemic index and glycemic load values: 2002. Am J Clin Nutr. 
2002. 76:5-56.



Indonesian Specialty Cereals for Malnutrition 481

Fratianni A, Niro S, Messia MC, Cinquanta L, Panfili G, Albanese 
D, et al. Kinetics of carotenoids degradation and furosine for-
mation in dried apricots (Prunus armeniaca L.). Food Res Int. 
2017. 99:862-867.

Fricker RA, Green EL, Jenkins SI, Griffin SM. The influence of nico-
tinamide on health and disease in the central nervous system. 
Int J Tryptophan Res. 2018. 11:1178646918776658. https:// 
doi.org/10.1177/1178646918776658

Gat-Yablonski G, Phillip M. Nutritionally-induced catch-up 
growth. Nutrients. 2015. 7:517-551.

Golden MH. Evolution of nutritional management of acute mal-
nutrition. Indian Pediatr. 2010. 47:667-678.

Govers MJ, Gannon NJ, Dunshea FR, Gibson PR, Muir JG. Wheat 
bran affects the site of fermentation of resistant starch and 
luminal indexes related to colon cancer risk: a study in pigs. 
Gut. 1999. 45:840-847.

Hardinsyah, Supariasa. Ilmu gizi: teori & aplikasi. Penerbit Buku 
Kedokteran EGC. 2016.

Hemalatha S, Platel K, Srinivasan K. Zinc and iron contents and 
their bioaccessibility in cereals and pulses consumed in India. 
Food Chem. 2007. 102:1328-1336.

Holeček M. Histidine in health and disease: metabolism, physio-
logical importance, and use as a supplement. Nutrients. 2020. 
12:848. https://doi.org/10.3390/nu12030848

Holt LE Jr, Snyderman SE. Protein and amino acid requirements 
of infants and children. Nutr Abstr Rev. 1965. 35:1-13.

Hrubša M, Siatka T, Nejmanová I, Vopršalová M, Kujovská 
Krčmová L, Matoušová K, et al. Biological properties of vitamins 
of the B-complex, part 1: vitamins B1, B2, B3, and B5. Nutrients. 
2022. 14:484. https://doi.org/10.3390/nu14030484

Institute of Medicine of the National Academies. Dietary reference 
intakes for energy, carbohydrate, fiber, fat, fatty acids, choles-
terol, protein, and amino acids. National Academies Press. 
2005. p 1358.

Iqbal MS, Rahman S, Haque MA, Bhuyan MJ, Faruque ASG, 
Ahmed T. Lower intakes of protein, carbohydrate, and energy 
are associated with increased global DNA methylation in 2- to 
3-year-old urban slum children in Bangladesh. Matern Child 
Nutr. 2019. 15:e12815.

Jocelyne RE, Béhiblo K, Ernest AK. Comparative study of nutri-
tional value of wheat, maize, sorghum, millet, and fonio: some 
cereals commonly consumed in côte d’ivoire. Eur Sci J. 2020. 
16:118-131.

Juliano BO. A simplified assay for milled-rice amylose. Cereal Sci 
Today. 1971. 16:334-340. 

Keyata EO, Tola YB, Bultosa G, Forsido SF. Premilling treatments 
effects on nutritional composition, antinutritional factors, and 
in vitro mineral bioavailability of the improved Assosa I sorghum 
variety (Sorghum bicolor L.). Food Sci Nutr. 2021. 9:1929-1938.

Kumar A, Metwal M, Kaur S, Gupta AK, Puranik S, Singh S, et al. 
Nutraceutical value of finger millet [Eleusine coracana (L.) 
Gaertn.], and their improvement using omics approaches. Front 
Plant Sci. 2016. 7:934. https://doi.org/10.3389/fpls.2016. 
00934

Kumari V, Sindhu SC, Singh J. Nutritional evaluation of indige-
nously developed weaning food from malted sorghum incorpo-
rated with soybean and raw banana flour. Int J Curr Microbiol 
App Sci. 2017. 6:1264-1271.

Larsson SC, Wolk A. Dietary fiber intake is inversely associated 
with stroke incidence in healthy Swedish adults. J Nutr. 2014. 
144:1952-1955.

Maggini S, Wenzlaff S, Hornig D. Essential role of vitamin C and 
zinc in child immunity and health. J Int Med Res. 2010. 38: 
386-414.

Mikhail WZA, Sobhy HM, El-sayed HH, Khairy SA, Abu Salem 
HYH, Samy MA. Effect of nutritional status on growth pattern 
of stunted preschool children in Egypt. Acad J Nutr. 2013. 2:1-9.

Nemukondeni N, Mbajiorgu CA, Hassan ZM, Sebola NA, Manyelo 
TG, Bodede O, et al. Physical characteristics, nutritional com-
position and phenolic compounds of some of the sorghum 
landraces obtained in South Africa. Food Res. 2022. 6:312-328.

Niro S, D’Agostino A, Fratianni A, Cinquanta L, Panfili G. Gluten- 
free alternative grains: nutritional evaluation and bioactive 
compounds. Foods. 2019. 8:208. https://doi.org/10.3390/ 
foods8060208

Onoja US, Akubor PI, Gernar DI, Chinmma CE. Evaluation of com-
plementary food formulated from local staples and fortified 
with calcium, iron and zinc fortified with calcium, iron and zinc. 
J Nutr Food Sci. 2014. 4:6. https://doi.org/10.4172/2155-9600. 
1000326

Oria M, Harrison M, Stallings VA. Dietary reference intakes for 
sodium and potassium. National Academies Press. 2019.

Otten JJ, Hellwig JP, Meyers LD. Calcium. In: Otten JJ, Hellwig JP, 
Meyers LD, editors. Dietary Reference Intakes: The Essential 
Guide to Nutrient Requirements. National Academies Press. 
2006a. p 286-295.

Otten JJ, Hellwig JP, Meyers LD. Copper. In: Otten JJ, Hellwig JP, 
Meyers LD, editors. Dietary Reference Intakes: The Essential 
Guide to Nutrient Requirements. National Academies Press. 
2006b. p 304-311.

Otten JJ, Hellwig JP, Meyers LD. Iron. In: Otten JJ, Hellwig JP, 
Meyers LD, editors. Dietary Reference Intakes: The Essential 
Guide to Nutrient Requirements. National Academies Press. 
2006c. p 328-339.

Otten JJ, Hellwig JP, Meyers LD. Protein and amino acids. In: 
Otten JJ, Hellwig JP, Meyers LD, editors. Dietary Reference 
Intakes: The Essential Guide to Nutrient Requirements. Na-
tional Academies Press. 2006d. p 144-155.

Otten JJ, Hellwig JP, Meyers LD. Zinc. In: Otten JJ, Hellwig JP, 
Meyers LD, editors. Dietary Reference Intakes: The Essential 
Guide to Nutrient Requirements. National Academies Press. 
2006e. p 402-413.

Paradiso VM, Castellino M, Renna M, Santamaria P, Caponio F. 
Setup of an extraction method for the analysis of carotenoids 
in microgreens. Foods. 2020. 9:459. https://doi.org/10.3390/ 
foods9040459

Peraturan Menteri Kesehatan. Peraturan Menteri Kesehatan nomor 
28 tahun 2019 tentang angka kecukupan gizi yang dianjurkan 
untuk Masyarakat Indonesia. Kementerian Kesehatan Republik 
Indonesia. 2019.

Qanytah, Widowati S, Widayanti SM, Winarti C, Widaningrum, 
Setyawan N, et al. Establishment of Asian food composition 
database network. 2022. Annual Report of The Indonesian 
Center for Agricultural Postharvest Research and Development 
(Unpublished).

Reardon T, Timmer CP. Five inter-linked transformations in the 
Asian agrifood economy: Food security implications. Glob Food 
Secur. 2014. 3:108-117.

Rizky Maulidiana A, Sutjiati E. Low intake of essential amino 
acids and other risk factors of stunting among under-five chil-
dren in Malang City, East Java, Indonesia. J Public Health Res. 
2021. 10:2161. https://doi.org/10.4081/jphr.2021.2161

Rudini B, Ayustaningwarno F. Kadar protein, serat, triptofan dan 
mutu organoleptik kudapan ekstrusi jagung dengan substitusi 
kedelai. J Nutr Coll. 2013. 2:373-381.

Semba RD, Shardell M, Sakr Ashour FA, Moaddel R, Trehan I, 
Maleta KM, et al. Child stunting is associated with low circulat-
ing essential amino acids. EBioMedicine. 2016. 6:246-252.

Serna-Saldivar SO, Espinosa-Ramírez J. Grain structure and grain 
chemical composition. In: Taylor JRN, Duodu KG, editors. 
Sorghum and Millets: Chemistry, Technology and Nutritional 
Attributes. 2nd ed. Woodhead Publishing. 2018. p 85-129.

Suarni, Aqil M. Prospect of specialty maize as functional food to 
support food diversification in Indonesia. IOP Conf Ser Earth 



482  Winarti et al.

Environ Sci. 2020. 484:012118. https://doi.org/10.1088/1755- 
1315/484/1/012118

Suarni S. Peranan sifat fisikokimia sorgum dalam diversifikasi 
pangan dan industri serta prospek pengembangannya. J Penelit 
Pengemb Pertan. 2016. 35:99-110.

Subroto E, Jeanette G, Meiyanasari Y, Luwinsky I, Baraddiaz S. Re-
view on the analysis methods of starch, amylose, amylopectinin 
food and agricultural products. Int J Emerg Trends Eng Res. 
2020. 8:3519-3524.

Tadesse A, Gutema T. Formulation and sensory evaluation of com-
plementary food from locally available ingredients in South Ari 
Woreda, Southern Ethiopia. Int J Public Health Saf. 2020. 5:5.

Tasie MM, Gebreyes BG. Characterization of nutritional, antinu-
tritional, and mineral contents of thirty-five sorghum varieties 
grown in Ethiopia. Int J Food Sci. 2020. 2020:8243617. https:// 
doi.org/10.1155/2020/8243617

Tulchinsky TH. Micronutrient deficiency conditions: global health 
issues. Public Health Rev. 2010. 32;243-255. 

Uauy R, Suri DJ, Ghosh S, Kurpad A, Rosenberg IH. Low circulat-
ing amino acids and protein quality: an interesting piece in the 
puzzle of early childhood stunting. EBioMedicine. 2016. 8:28- 
29.

Wang B, Zhang G, Yan S, Xu X, Wang D, Cui B, et al. Correlation 
between chain structures of corn starch and properties of its 
film prepared at different degrees of disorganization. Int J Biol 

Macromol. 2023. 226:580-587.
Widowati S, Astawan M, Muchtadi D, Wresdiyati T. Hypoglycemic 

activity of some Indonesian rice varieties and their physico-
chemical properties. Indones J Agric Sci. 2006. 7:57-66.

Widowati S, Luna P. Nutritional and functional properties of sor-
ghum (Sorghum bicolor (L.) Moench)-based products and poten-
tial valorisation of sorghum bran. IOP Conf Ser Earth Environ 
Sci. 2022. 1024:012031. https://doi.org/10.1088/1755-1315/ 
1024/1/012031

World Health Organization (WHO). Global nutrition targets 
2025: stunting policy brief (WHO/NMH/NHD/14.3). WHO. 
2014.

Wulandary W, Sudiarti T. Nutrition intake and stunting of under- 
five children in Bogor West Java, Indonesia. J Food Sci Nutr. 
2021. 7:104. https://doi.org/10.24966/FSN-1076/100104

Yankah N, Intiful FD, Tette EMA. Comparative study of the nutri-
tional composition of local brown rice, maize (obaatanpa), and 
millet－A baseline research for varietal complementary feed-
ing. Food Sci Nutr. 2020. 8:2692-2698.

Zhang Y, Zhou WE, Yan JQ, Liu M, Zhou Y, Shen X, et al. A review 
of the extraction and determination methods of thirteen essen-
tial vitamins to the human body: an update from 2010. Mole-
cules. 2018. 23:1484. https://doi.org/10.3390/molecules230 
61484


