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Abstract
Background: The lack of energy-protein intake has been shown to increase the risk of stunting in under-five children. The quality of protein in food is assessed by the completeness of amino acid content. This study aims to determine the amount of essential amino acid (EAAs) intake and other risk factors of stunt- ing among under-five children.
Design and methods: A descriptive, case-control study was performed in the work area of Kedungkandang Health Center Malang. The subjects were 24–59-month-old children with a total of 23 stunted (height-for-age Z-score (HAZ) <-2 SD) and 57 nor- mal children (HAZ ≥-2 SD). Furthermore, the data were collected using anthropometric measurement, validated and pre-tested questionnaires, which were analyzed using multiple logistic regression.
Results: The intake of all the nine EAAs in stunted children was lower than that of non-stunted children. However, only histi- dine, isoleucine, and methionine were significantly different (p<0.05). The significant risk factors of stunting include a family income per month fewer than the Regional Minimum Wages [OR=12.06, 95% CI 1.83-79.53], being underweight [OR=7.11, 95% CI 1.49-33.93], breastfeeding of less than 6 months [OR=5.34, 95% CI 1.28-22.20], and the lack of EAA methionine intake [OR=0.14, 95% CI 0.03-0.67].
Conclusions: Stunted children may not receive sufficient dietary intake of EAAs in their diet. Furthermore, the lack of EAAs intake, especially methionine, alongside low family income, underweight, lack of breastfeeding and variety in food consumption were the risk factors of stunting among under-five children in a selected Health Center in Malang City, Indonesia.

basic health research data in 2018, its prevalence in Indonesia decreased within five years, from 37.2% in 2013 to 30.8% in 2018.2 However, based on the World Health Organization cut-off values of public health significance,3 this prevalence is considered high (30-39%), meaning that stunting in Indonesia has to be treat- ed as an urgent public health problem that requires full attention from the government.
The term ‘stunting’ refers to the nutritional status based on the HAZ (Height-for-age Z-score) index less than -2SD and is consid- ered as the best indicator of measuring chronic malnutrition.4 Children with stunting suffer many health consequences, such as a lower survival rate, memory impairment, decreased cognitive and motor function, and development, as well as a higher chance to develop metabolic diseases and reduced productivity later in adulthood.5-7
The causes of stunting are multifaceted, intertwined, and relat- ed to each other. Stunting is directly caused by an inadequate nutrient intake, especially dietary carbohydrates and proteins, alongside the presence of infectious diseases.8 Dietary protein plays an important role in the body of children, specifically in brain growth and development. The quality of protein in food is assessed by the completeness of the amino acid (AA) content.9 The more complete the variety of AAs, the higher the value of a protein.10 There are nine types of AAs commonly known as essen- tial amino acids (EAAs), which cannot be synthesized by the human body and must therefore be provided from the diet. These nine EAAs are histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine.9,10
The lack of EAA intake may cause disruption in the metabolic process which directly influences the linear growth of children. African children were at risk of stunting due to lesser consump- tion of EAA, such as tryptophan and lysine, in their diet.11 Similarly, stunted children in rural Malawi had lower levels of the

 		nine EAAs present in serum, than children with normal growth

Introduction
Stunting is one of many emerging nutritional issues in devel- oping countries, including Indonesia. In 2017, about 155 million children under five years of age were stunted, of which almost all were from low-income countries.1 According to the Indonesia

status. The levels of circulating conditional EAAs (arginine, glycine, glutamine) and circulating non-EAAs (asparagine, gluta- mate, serine) were also significantly lower in stunted children compared to normal children.7 Nevertheless, the role of EAA intake among Indonesian children under the age of five is unknown.
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Aside from dietary and disease factors, the underlying risk fac- tors of stunting include childbirth history, parenting style, parent’s socioeconomic condition, and environmental factors.8 Furthermore, studies that focused on dietary protein quality, such as amino acid intake and its relation to stunting among children under five years of age is very limited, especially in Indonesia. By collectively investigating all the risk factors, it will be easier for stakeholders to make better decisions on prevention and interven- tion strategies. Therefore, this study aims to determine the levels of essential amino acids (EAAs) intake as well as other risk factors of stunting among under-five children.



Design and Methods
This was an observational study that involved a case-control design at the work area of the Health Center of Kedungkandang, Malang, conducted from August to October 2018. This place was chosen because it had the highest incidence of stunting in the entire city of Malang, East Java. According to the Malang City Health Office data in 2017, approximately 922 (5.9%) out of 15,595 under-five children were stunted. The inclusion criteria were chil- dren aged 24 to 59 months at the time of the study, in good general health, and the mothers or caregivers were willing to be inter- viewed. Children which suddenly became sick or moved during the study had a medical condition, such as HIV, cancer, while other severe medical diagnoses were excluded. The purposive sampling method12 was used with a ratio of 1:2 between the case and control group, 95% CI, 80% power, and accounted for 10% possible non- response. A total of eighty children with their mothers or care- givers participated in this study. Furthermore, the total cases of stunted children were 23, while the control was 57 with stunting absent. The mother or caregiver was informed about the study after which they agreed to take part, by signing informed consent. This study was approved by the Ethical Committee of Politeknik Kesehatan Kemenkes Malang, Indonesia (No.: 435/KEPK- POLKESMA/2018).
The weight and height were measured by trained enumerators based on the WHO Multicentre Growth Reference Study guide-

(EAAs).15 The macronutrient intake was determined by compari- son with the standard requirements for children under five years of age using the 2013 Indonesian Nutrition Adequacy Rate and then categorized based on the Total Diet Survey.16,17 The cut-offs were as follows: i) Energy intake level: low, 70-<100% Energy Adequacy Rate (EAR); modest, 100-<130% EAR; high, ≥130% EAR; ii) Protein intake level: low, 80-<100% Protein Adequacy Rate (PAR); modest, 100-<120% PAR; high, ≥120% PAR; iii) Fat intake level: low, <30%; modest, 30-35%; high, >35%; iv) Carbohydrate intake level: low, <155 g/day; modest, 155-254 g/day; high, >254 g/day.
The socio-economic status and demographic data of the house- hold or parents were assessed through questionnaires. A structured questionnaire was administered to the mother or primary caretaker of each child, which required their personal and demographic information, such as age (verified by birth certificates, vaccination cards, or other formal documents) gender, their primary caretaker’s age, educational status as well as the occupation of the parents or caretakers. The measurement of socioeconomic status reflects the necessary resources for achieving food security, child care, and a healthy environment.
The questionnaire was pre-tested using 10% of the sample size in another population. The data were collected by four trained nutritionist enumerators, and the supervisors checked all the filled questionnaires for completeness after data retrieval.
Statistical analysis
To compare the characteristics of children between stunting and non-stunting, the Chi-square, and independent-sample t-test were used. The bivariate analysis was performed for all risk factor variables to identify the ones associated with stunting and to obtain crude odds ratio (OR). Furthermore, significant risk factor vari- ables (p<0.2) were put back together into the final model using the forward stepwise selection method to get an adjusted OR. The Odds ratios (95% confidence intervals) were calculated to deter- mine the association between risk factor variables and stunting multicollinearity and interaction.

lines.13 Body weight was measured to the nearest 0.1 kg using a	 	
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)portable electronic scale, while height was measured to the nearest
0.1 cm using a microtoise. The nutritional status of each child was calculated from the average of duplicate anthropometric measure- ments and determined using Z-scores (weight-for-age z-score (WAZ) and height-for-age z-score (HAZ) according to WHO Child Growth Standards (www.who.int/childgrowth/software/en/) with macros for SPSS version 6.0 and above. The classification of mal- nutrition (underweight and stunting) was defined based on -2.0 z- scores below the median of the WHO Child Growth Standards, with the following cut-offs: stunting if < -2 HAZ (moderate stunt- ing: -3≤HAZ<-2; severe stunting: HAZ<-3); underweight if <-2 WAZ (moderate underweight: -3≤WAZ <-2; severe underweight: WAZ <-3.
A semi-quantitative food frequency questionnaire (SQ-FFQ) was used to assess the dietary intake of children. The SQ-FFQ form contained 118 commonly consumed foods, according to the Indonesian Food List of Essential Amino Acid Content14 from nine food groups, including cereal grains, starchy roots, legumes, veg- etables, fruits, meat, seafood, eggs, milk, and milk products, as well as fats and oils.
The total intake of each food consumed was then entered into Nutrisurvey software (SEAMEO TROPMED RCCN-University of Indonesia, 2007) to estimate the daily energy and macronutrient intake (protein, fat, and carbohydrate), and essential amino acids

Results and Discussions
Out of the 80 participants, 23 (38%) were stunted children. There were no significant differences for the age and sex variables between stunted and non-stunted children (Table 1). Anthropometric measurements such as body weight, height, WAZ, and HAZ showed a significant difference (p<0.001). Furthermore, the mean of WAZ (-2.21±1.08) and HAZ (-3.08±1.02) indicated that the stunted children were in underweight (<-2 SD) and severe- ly stunted (<-3SD) categories.
As shown in Table 1, more than half of the stunted children had low energy and carbohydrate intake levels, compared to the non- stunted. Meanwhile, high protein intake levels were observed in all stunted children (100%). Overall, the dietary intake of nine EAAs was lower in stunted children than the non-stunted. The significant differences were only obtained in EAA such as Histidine, Isoleucine, and Methionine, with p=0.035, p=0.035, and p= 0.050, respectively.
The educational level of mothers (p=0.032) and family income (p=0.002) were significantly different between stunted and non- stunted children. Most mothers of stunted children attended junior high school, while the mothers of non-stunted children continued their education until college (40.3%). Likewise, most families of non-stunted children (45.6%) had a monthly income above the
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 (
Stunted
 
(n=23)
 
n
 
(%)
Non-stunted
 
(n=57)
 
n
 
(%)
p
)Table 1. Characteristics of study participants (n=80).
Age, months (mean±SD)	30.87±8.91	38.88±12.34	0.072
Gender
Male	11 (47.8)	32 (56.1)	0.622
Anthropometry (mean±SD)
Birth weight, kg	2.89±0.34	3.11±0.50	0.036
Birth length, cm	47.00±4.80	50.13±4.89	0.004
Body weight, kg	10.01±1.26	14.38±4.12	<0.001
Height, cm	80.35±4.58	95.87±10.61	<0.001
WAZ	-2.21±1.08	-0.34±1.65	<0.001
HAZ	-3.08±1.02	-0.25±1.34	<0.001
Breastfeeding of 6 months
Yes	17 (73.9)	26 (45.6)	0.022
Infectious diseases last 3 months
Yes	17 (73.9)	28 (49.1)	0.018
Energy intake level
Low	13 (56.5)	17 (29.8)	0.270
Modest	2 (8.7)	20 (35.1)
High	8 (34.8)	20 (35.1)
Protein intake level
Low	-	3 (5.3)	0.030
Modest	-	3 (5.3)
High	23 (100)	51 (89.5)
Fat intake level
Low	3 (13)	8 (14)	0.932
Modest	7 (30.4)	15 (26.3)
High	13 (56.5)	34 (59.6)
Carbohydrate intake level
Low	15 (65.2)	32 (56.1)	0.530
Modest	7 (30.4)	18 (31.6)
High	1 (4.3)	7 (12.3)
EAA intake, g/day (mean±SD)
Histidine	1.36±0.42	1.77±0.89	0.038
Isoleucine	2.44±0.78	3.16±1.55	0.038
Leucine	4.25±5.30	5.30±2.61	0.140
Lysine	3.54±4.57	4.57±2.46	0.131
Methionine	1.17±1.55	1.55±0.80	0.050
Phenylalanine	2.10±0.79	3.03±1.49	0.160
Threonine	2.15±0.68	2.74±1.39	0.073
Tryptophan	0.63±0.22	0.81±0.41	0.073
Valine	2.78±0.85	3.51±1.70	0.069
Age of mother, year
18–25	5 (21.7)	12 (21.1)	0.815
26–45	18 (78.3)	44 (77.2)
>45	-	1 (1.8)
Mother’s education level
Low	10 (43.5)	22 (38.6)	0.032
Modest	10 (43.5)	12 (21.1)
High	3 (13.0)	23 (40.3)
Mother’s occupation
Not working	19 (82.6)	39 (68.4)	0.198
Working	4 (17.4)	18 (31.6)
Age of father, year
18 – 25	1 (4.3)	5 (8.8)	0.319
26 – 45	22 (95.7)	48 (84.2)
>45	-	4 (7.0)
Father’s education level
Low	9 (39.1)	16 (28.1)	0.624
Modest	5 (21.7)	14 (24.6)
High	9 (39.1)	27 (47.4)
Father’s occupation	8 (34.7)	10 (17.5)	0.089
Not working/labor	11 (47.8)	24 (42.1)
Service/trade	4 (17.4)	23 (40.4)
Government/private employee Monthly income
<RMW	21 (91.3)	31 (54.4)	0.002
RMW	2 (8.7)	26 (45.6)

Energy intake level: low, 70-<100% Energy Adequacy Rate (EAR); modest, 100-<130% EAR; high, 130% EAR; protein intake level: low, 80-<100% Protein Adequacy Rate (PAR); modest, 100-<120% PAR; high, 120% PAR; fat intake level: low, <30%; modest, 30-35%; high, >35% Energy from fat intake; carbohydrate intake level: low, <155 g/day; modest, 155-254 g/day; high, >254 g/day; education level: low, less than or equal to complete primary school; modest: complete junior high school; high: complete senior high school/college; RMW, Regional Minimum Wage, Malang City per 2018 IDR 2.470.073,29 (Source: Malang City Labor Office, 2018).
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)Malang Regional Minimum Wage (RMW) than the families of stunted children (8.7%). The association between EAAs intake and the risk of stunting is shown in Table 2. From the adjusted or final regression model, it was observed that there are four variables related to the risk of stunting in under-five children: study partici- pant (children) living with a family with a monthly income level less than RMW [adjusted odds ratio (AOR) =12.06, 95% CI 1.83 - 79.53, p=0.010] were more likely to develop stunting than the ones living in a family with monthly income level above RMW. Underweight children [AOR=7.11, 95% CI 1.49 - 33.93, p=0.014] were more likely to be stunted than normal-weight children. In addition, children with incomplete breastfeeding (less than six months) [AOR=5.34, 95% CI 1.28 - 22.20, p=0.021] were more likely to be stunted than children with complete breastfeeding for six months or more. Children lacking EAA intake, especially methionine [AOR=0.14, 95% CI 0.03 - 0.67, p=0.014] were more likely to develop stunting.
This study investigated the amount of EAA intake and other variables such as risk factors of stunting in under-five children. It was observed that the intake of nine EAAs in stunted children was lower compared to non-stunted children. Specifically, three EAAs, namely histidine, isoleucine, and methionine were observed to be significantly lower. It was also observed that low family income, an underweight child, a breastfeeding duration below 6 months, and the lack of EAA methionine intake were the risk factors of stunting in under-five children.
This study showed that the intake of nine EAAs in stunted chil- dren tended to be lower than in non-stunted children, while only three EAAs (histidine, isoleucine, and methionine) were found to be significantly lower. Inadequate intake of EAAs causes nitrogen imbalance for protein synthesis which replaces all losses from pro- tein turnover in the human body.18 The EAAs play various roles in human health, such as the regulation of various metabolic path- ways to improve health in general, including growth and develop- ment, reproduction, and lactation function. Therefore, the insuffi- cient intake of EAAs in children causes a detrimental effect on their physical growth and development, known as stunting.19 This agrees with a previous study which stated that stunted children had a significantly lower serum level of all nine essential amino acids compared to non-stunted children.7 The prior study involved a metabolomic approach using serum metabolite measurements in blood. Therefore, if this study were to use the same approach, it will also be observed that the circulating amino acids in stunted children are significantly lower than in non-stunted children. The amino acid requirement in children is high due to linear growth and a high risk of infections.20 Therefore, the lesser the intake, the less- er the circulating amino acids in the body.
In contrast, although EAAs intake was lower in the case group than the control, the level of dietary protein intake remained high (above the adequacy rate) in both groups. This was because the mean protein intake (g/day) in the control group was higher than that of the stunted cases. Children in the stunted group consumed less variation of food, especially protein sources, compared to the control. For example, stunted children only ate eggs and did not like to eat other types of proteins and vegetables for several days. The complete nine EAAs required by the body must be provided from the diet, especially combinations of different types of protein- source foods.21 Additionally, previous research22 showed that despite the higher EAAs intake in the control group than the cases, both were still lower than the WHO standard for amino acids requirements in human nutrition.23 The limited database of amino acid content for Indonesian food might play a role in the calcula- tion of total EAAs intake in this study. The Nutrisurvey software was used to estimate the amount of food intake because it is the

most popular, easy to use, and has a specific database of Indonesian food.15 However, the nutrients database including macro and micronutrients for certain food materials, especially processed foods is not complete, which could result in data under- estimation.
This study showed that stunted children had low dietary carbo- hydrate and high dietary protein intake. It was assumed that the high level of protein intake was not used for growth but to cover the lack of energy from carbohydrate sources. Therefore, there were insufficient amounts of circulating amino acids to maintain the linear growth in the case group.7 The stunting of growth, defined as slow growth in a protein-deficient child compare to the one receives an adequate intake of protein.18 The adverse effects can be seen from protein-energy deficiency diseases, such as kwa- shiorkor and marasmus, which occur due to a lack of energy sources from food, and not a specific protein deficiency. However, in most cases found in developing countries, many children are stunted because their diet provides adequate energy but inadequate protein intake.18,20 It was also suggested that the requirement of protein intake for the maintenance of growth in children under-five is 0.66 g/kg/day and 0.46 g/kg/day, respectively. Therefore, protein intake has to meet the daily total protein requirement in order to achieve healthy, optimal growth, and development.
Further analysis showed that low family income, being under- weight, a breastfeeding duration below 6 months, and lack of the essential amino acid methionine intake were the risk factors of stunting in the work area of Kedungkandang Health Center, Malang. A child from a family with an income lesser than the Malang RMW had a risk of stunting 12.1 times greater than one from a family with a monthly income level equal to or above the RMW. This result correlates with previous studies both in Indonesia and other countries,24-28 which analyzed the association of family income level and the nutritional status of under-five chil- dren, especially stunting. Previous studies showed that low socioe- conomic status is a risk factor for stunting in under-five children.
Family income is involved with the ability of these households to fulfill their primary, secondary and tertiary needs. A high family income makes it easy to fulfill life needs, whereas a low income makes it more difficult. Low income affects the quality and quan- tity of food consumed by the family.24,27 Usually, the consumed foods will be less varied and less in amount, especially the ones mainly functional for their growth, such as protein sources for amino acids, vitamins, and minerals. These limitations will increase the risk of stunting in children, and low income-levels prevent effective nutritional improvement. Therefore, when a well- educated mother is not supported by sufficient income in the household, their attitude towards their child or children’s health is affected.29
In this study, children with WAZ<-2 or underweight children are 7.11 times more likely to experience stunting, compared to the ones with normal weight. An underweight condition is a composite indicator of child growth, while stunting is a specific indicator for chronic malnutrition. These indicators are interrelated in the meas- urement of child nutritional status, and the results showed that stunted children in this study were chronically malnourished, due to long term nutritional deficiencies.3,4
Likewise, children with a breastfeeding duration fewer than 6 months are 5.34 times more likely to experience stunting compared to the ones which received complete breastfeeding. Growth and development in children require the input of balanced and relative- ly large nutrients. However, the babies’ ability to eat is determined by the state of the digestive tract which is still in the maturation stage. The only food that concurs with the state of the digestive tract of infants and fulfills their needs for the first few months is
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Histidine
0.41
0.18
 
–
 
0.97
0.042
NR
-
-
Isoleucine
0.61
0.38
 
–
 
0.99
0.044
NR
-
-
Leucine
0.79
0.60
 
–
 
1.03
0.079
NR
-
-
Lysine
0.76
0.56
 
–
 
1.02
0.066
NR
-
-
Methionine
0.37
0.14
 
–
 
0.95
0.039
0.14
0.03
 
–
 
0.67
0.014
Phenylalanine
0.67
0.42
 
–
 
1.06
0.086
NR
-
-
Threonine
0.61
0.37
 
–
 
1.03
0.065
NR
-
-
Tryptophan
0.18
0.03
 
–
 
1.00
0.050
NR
-
-
Valine
0.67
0.44
 
–
 
1.02
0.063
NR
-
-
Energy intake
 
level
Low
1.91
0.64
 
–
 
5.70
0.245
NR
-
-
Modest
0.25
0.05
 
–
 
1.33
0.103
NR
-
-
High
1.00
Ref.
Protein
 
intake
 
level
Low
0.00
0.00
 
–
 
0.00
0.999
NR
-
-
Modest
0.00
0.00
 
–
 
0.00
0.999
NR
-
-
High
1.00
Ref.
Fat
 
intake
 
level
Low
0.98
0.23
 
–
 
4.28
0.979
NR
-
-
Modest
1.22
0.41
 
–
 
3.67
0.723
NR
-
-
High
1.00
Ref.
Carb
 
intake
 
level
Low
3.28
0.37
 
–
 
29.12
0.286
NR
-
-
Modest
2.72
0.28
 
–
 
26.35
0.387
NR
-
-
High
1.00
Ref.
Gender
Male
1.40
0.53
 
–
 
3.69
0.500
NR
-
-
Female
1.00
Ref.
Birth
 
weight, kg
0.36
0.12
 
–
 
1.11
0.075
NR
-
-
Birth
 
length,
 
cm
0.77
0.62
 
–
 
0.95
0.017
NR
-
-
)Table 2. Logistic regression of the association of amino acid intake and other determinant factors and stunting in under-five children.

























	

	
	
	
	
	
	

	
	
	
	
	
	

	WAZ
	
	
	
	
	

	<-2 SD
	9.27
	2.86 – 30.08
	<0.001
	7.11
	1.49 – 33.93
	0.014

	-2 SD
	1.00
	Ref.
	
	1.00
	Ref.
	

	Breastfeeding
	
	
	
	
	
	

	<6 months
	3.38
	1.16 – 9.82
	0.025
	5.34
	1.28 – 22.20
	0.021

	6 months
	1.00
	Ref.
	
	1.00
	Ref.
	

	Inf. disease last 3 months
	
	
	
	
	
	

	Yes
	3.98
	1.20 – 13.20
	0.024
	NR
	-	-

	No
	1.00
	Ref.
	
	
	

	Mother’s age, year
	
	
	
	
	

	18 – 25
	0.00
	0.00 – 0.00
	0.999
	NR
	-	-

	26 – 45
	0.00
	0.00 – 0.00
	0.999
	
	

	> 45
	1.00
	Ref.
	
	
	

	Mother’s education
	
	
	
	
	
	

	Low
	3.49
	0.85 – 14.37
	0.084
	NR
	-	-

	Modest
	6.39
	1.47 – 27.70
	0.013
	NR
	-	-

	High
	1.00
	Ref.
	
	
	

	Mother’s occupation
	
	
	
	
	

	Working
	2.19
	0.65 – 7.38
	0.205
	NR
	-	-

	Not working
	1.00
	Ref.
	
	
	

	Father’s age, year
	
	
	
	
	
	

	18–25
	0.00
	0.00 – 0.00
	0.999
	NR
	-	-

	26–45
	0.00
	0.00 – 0.00
	0.999
	NR
	-	-

	>45
	1.00
	Ref.
	
	
	

	Father’s education Low
	
	
	
	
	

	Modest
	1.69
	0.56 – 5.13
	0.356
	NR
	-	-

	High
	1.07
	0.30 – 3.81
	0.915
	NR
	-	-

	1.00
	Ref.
	
	
	
	

	Father’s occupation
	
	
	
	
	
	

	Not working/labor
	4.60
	1.12 – 18.87
	0.034
	NR
	-
	-

	Service/trade
	2.64
	0.73 – 9.47
	0.138
	NR
	
	

	Gov./private employee
	1.00
	Ref.
	
	
	-
	-

	Family income
	
	
	
	
	
	

	<RMW	8.81	1.89 – 41.13	0.006	12.06	1.83 – 79.53	0.010
RMW	1.00	Ref.	1.00	Ref.
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)breast milk.30 Children which do not get exclusive breastfeeding are at higher risk of lacking nutrients needed for the growth process, and an impaired growth results in stunting.24,31-34
Finally, the lack of EAAs in food sources, especially methion- ine is another risk factor for stunting. Children consuming lots of methionine sources are 86% more likely not to develop stunting compared to the ones which consume fewer methionine sources. Adequate research on amino acid intake in under-five children is still highly limited. However, similar studies that analyzed serum amino acid levels stated that stunted children had lower levels of nine essential AAs (histidine, isoleucine, leucine, lysine, methion- ine, phenylalanine, tryptophan, threonine and valine) than children with normal growth.7 Methionine plays a significant role in cellu- lar growth, it sends growth signals to cells and catalyzes a meta- bolic program for cell proliferation.35,36 Food sources with high levels of methionine are animal protein, such as meat, fish, and eggs; plant seeds; and cereal grains. Legumes, despite their high protein density, contain low amounts of methionine. Furthermore, dietary proteins without sufficient amounts of methionine are not considered complete proteins.36 The quality of proteins is deter- mined based on their ability to meet the requirements of the nine EAAs.23 Complete proteins are usually provided from different kinds of animal sources, specifically meat, fish, eggs, and milk. However, nutrients from various types of food groups and not only animal proteins must be provided in adequate amounts and bal- anced nutrition, especially for children. Previous studies show that inadequate dietary diversity is a strong predictor of stunting. Therefore, further intervention efforts are required to address appropriate feeding practices by giving children a sufficient amount of diverse diet.34,37,38
This is one of few Indonesian studies which assessed the qual-
ity of protein by the amounts of EAAs intake in under-five chil- dren. This study was limited by the lack of minimum sample sizes in the case group. Only one Health Center in Malang was chosen, therefore it is not proper to generalize the risk factors of stunting, especially EAAs intake, type of food sources, and the overall pur- chasing power of the Malang population. Finally, the biochemical marker measurement, specifically blood serum, was not performed to validate the intake of EAAs. This is due to the relatively high cost, time taken for serum examination, and its burdensome nature to respondents.



Conclusions
This study showed that stunted children under-five had a lower intake of nine EAAs than non-stunted children in their diet, although the dietary protein intake remained high in both groups. Therefore, the quantity as well as the quality of protein is critical. The lack of EAAs intake, especially methionine, alongside low family income, underweight, lack of exclusive breastfeeding and less variety of foods were the risk factors of stunting among under- five children in a selected Health Center in Malang City. Therefore, the prevention and intervention to reduce stunting has to focus on these determinants. Multisectoral coordination and col- laboration to establish an integrated nutritional program are highly necessary.
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