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Abstract  
Background: Children under five years experience rapid growth and development, so that adequate 
nutritional intake is very important. Zinc is essential for child development and growth. Children’s 
zinc requirements are fulfilled from daily food intake that might be affected by Covid-19 pandemic. 
The aim of this study is to determine the correlation between zinc intake with hair zinc level and 
appetite in children aged 2-3 years in Jakarta. 
Methods: This cross-sectional study was carried out from September to October 2020 in Kampung 
Melayu, Jakarta. Seventy children aged 2-3 years were taken using total population sampling 
method. Interviews were conducted to obtain characteristic data and zinc intake using semi 
quantitative-food frequency questionnaire (SQ-FFQ). Appetite were assessed using VAS appetite 
questionnaire. Hair samples were collected to check level of hair zinc. Spearman correlation was 
performed using SPSS. 
Results: Median of zinc intake was 6 (1,2-22,5) mg/day, with 20% of the subjects had insufficient 
zinc intake. The median hair zinc value was 132 (30-451) µg/g, with 17,1% subjects zinc insufficient. 
The median of VAS appetite score was 54,5 mm. There were no significant correlation between zinc 
intake and hair zinc level (r = -0.077, p = 0.528). A weak positive correlation was found between 
appetite and hair zinc levels (r = 0,247, p = 0,039). 
Conclusion: Zinc intake in children aged 2-3 years had no significant correlation with hair zinc level, 
and appetite had a weak positive correlation with hair zinc level. 

Keywords: children aged 2-3 years, hair zinc, zinc intake,  VAS appetite

Introduction 

 

Children under five years experience rapid growth 

and development, so that adequate nutritional intake 

is very important. In a study of preschool-aged 

children in Jakarta, the prevalence of eating 

difficulties was 33.6%.1 This problem makes 

nutritional needs unfulfilled, which can lead to 

malnutrition and growth disorders.2 Feeding  

 

problems are more important among preschoolers 

who have high energy needs especially in children 

under five years of age.2 Two years of age is a period 

of weaning from breast milk and complementary 

feeding, since then children are expected to have 

eaten similar food as their family, both in type and 

composition, age 2 to 3 years old is a very important 

transition period to pursue growth after the golden 

period. Therefore, it is important to pay attention to 

zinc intake at this age bracket to support optimal 

child growth. 

Micronutrients that are important during growth 

are vitamins A, C, D, E, B, selenium and zinc. 

Unlike other minerals, zinc does not have large  
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storage that can keep or release zinc according to 

variations in food intake, therefore adequacy of zinc 

is important. Research by Chao et al.3 showed that 

zinc supplementation in malnourished children 

could increase appetite and growth. 

The global prevalence of zinc deficiency is 31% 

with a range of 4% to 73%. The highest prevalence 

is found in Southeast and South Asia (34%-73%).4 

Zinc deficiency is more likely to occur during 

childhood, when daily zinc requirements are higher. 

Zinc deficiency can cause loss of appetite, which can 

have an impact on nutritional status and growth. 

Hair zinc levels can describe chronic zinc status, is 

more stable and is not affected by rapid fluctuations 

from diurnal and dietary variations, and is also more 

suitable for use in children because it is less invasive 

than plasma or serum zinc.  

Hair zinc examination is a marker that can show 

a person's zinc status. The concentration of zinc in 

hair is the second largest concentration after zinc in 

teeth, which is 200 mg/kg by weight. The zinc 

concentration in hair is more stable and is not 

affected by rapid fluctuations associated with 

diurnal variations, diet, etc. Another advantage is 

that there is no trauma due to the sampling, it does 

not require preservatives or a certain temperature.5 

The body needs more zinc during periods of rapid 

growth such as pregnancy, infancy, childhood and 

adolescence. The need for zinc for Indonesian 

children varies according to their age. At the age of 

1-3 years, the need is 3 mg/day.6 Foods rich in zinc 

are seafood, meat, whole grains, nuts, and dairy 

products. The difference between zinc intake and 

absorption must be considered, because even if zinc 

intake is adequate, levels of inhibitors (fiber and 

phytate) in the diet can prevent zinc from being 

absorbed adequately.7 

Visual analog scale (VAS) questionnaire is 

widely used in nutrition research to assess appetite 

and food intake. VAS is correlated with energy 

intake, and can predict eating motivation in subjects 

who eat a normal diet in a normal environment.8 

Several studies have used the VAS in children and 

adolescents to assess hunger and satiety.9 Subjects 

were asked to answer questions by marking on a 100 

mm line with the left end meaning “not at all” and 

the right end meaning “extremely”. Variations of  

 

 

VAS are in the form of 10-point Likert scale, bipolar 

and unipolar scale, 150 mm horizontal line, and 7-

point scale with qualitative labels at the same 

distance. However, a 100 mm horizontal line 

without markings except for labels at both ends is 

the most widely used form of VAS.9 Several studies 

of appetite in children had used VAS with 

assessment by parents. Research conducted in the 

Philippines and Taiwan used VAS questionnaire for 

parents to assess their child's appetite.10,11 The VAS 

is filled at set times, usually just before and after one 

feeding episode and periodically at intervals 

between meals (usually 1 hour). In this study, VAS 

is filled one time by subject’s parent/caregiver 

expressing current time child’s appetite. 

Covid-19 pandemics has altered many aspect of 

the society including the eating habits that has 

impacts on children’ nutritional status. In long term, 

this will lead to altered zinc status and it’s function. 

The aim of this study is to determine the correlation 

between zinc intake with hair zinc level and appetite 

in children aged 2-3 years in Jakarta. 

 

Methods 

 

This cross-sectional study design was carried out 

during the Covid-19 pandemic, from September to 

October 2020 in Kampung Melayu Sub-district, East 

Jakarta. Location of the study was chosen because it 

was the only limited resources that provided 

permission to do data collection due to Covid-19 

pandemic.   

 

Subjects 

 

The subjects of this study were apparently healthy 

children aged 2-3 years old, with permission to 

participate in the study from their parents. Subject 

selection was carried out by total population 

sampling. The subject’s parents or guardians were 

explained about the purpose, benefits and 

examinations that would be taken. Parents who 

agreed to take part in this study signed the consent 

form. Children with acute and chronic infection, 

severe malnutrition, liver disorders, malabsorption 

syndrome, congenital diseases, and hair length 

didn’t sufficient for sampling were excluded from  
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the study. Total 70 samples were met the criteria for 

this study and furthered analyzed.  

 

Characteristic Data 
 

Data on subjects’ characteristics include: age, 

gender, maternal education, family income, income 

during pandemic, and the impact of the pandemic on 

children's food were collected from interviews. 

Maternal education was categorized into high (high 

school education and above) and low (below high 

school education). Family income was categorized 

based on minimum wage (UMP) DKI Jakarta 2020 

(Rp. 4.276.350) to be more or equal to the UMP and 

less than the UMP. 

 

Zinc intake, anthropometric measurement, and 

appetite assessment 

 

Assessment of food intake was taken using a semi 

quantitative questionnaire (SQ-FFQ) to determine 

the subjects’ zinc intake. Interviews were conducted 

using a food photo book. Anthropometric 

measurement taken were body weight and height. 

Subjects’ body weight was measured using SECA 

digital scale, with accuracy 0,1 kg. Subject’s height 

was measured using a SECA stadiometer with 

accuracy 0,1 cm. Each measurement was taken 

twice and the average value was calculated. 

Nutritional status was determined based on the 

WHO growth chart Z-score weight/height. Appetite 

was assessed by using Visual Analog Scale (VAS) 

which have 3 questions with extreme value in each 

side of the 100 mm line. The questions were asked 

to the parents or guardian of the subjects.  

 

Laboratory examination 

 

Hair samples were collected to check the level of 

hair zinc. The hair zinc test was conducted in 

collaboration with Prodia Laboratory. Hair sample 

was taken in the Kampung Melayu Sub-district 

office by laboratory staff. The number of hair 10-15 

strands and taken at 5 different places, was cut as 

close as possible to the hair roots, taken 2.5 cm from 

the closest to the base of the hair and the rest  

 

 

 

discarded. Then the hair samples were taken to 

Prodia laboratory for analysis. Examination of hair 

zinc levels using the Atomic Absorption 

Spectrophotometry (AAS) method using Agilent 

Inductively Coupled Plasma-Mass Spectrometry 

(ICP-MS) 7700 series. 

 

Data analysis 

 

Data were analyzed using SPSS version 20.0. 

Normality of the data distribution was determined 

by Kolmogorov Smirnof test. Data distribution was 

considered normal when p value ≥ 0,05. Data are 

presented in the form of mean ± standard deviation 

(SD) if normally distributed (p ≥ 0.05), and in the 

form of median (minimum-maximum) if not 

normally distributed (p < 0.05). Categorical data 

were presented in the form of frequency distribution 

(n,%). Continuous data were presented in the form 

of median (minimum-maximum). The correlation 

between two variables was analyzed using the 

Pearson correlation test if the data distribution was 

normal, or the Spearman Rank correlation test if the 

data distribution was not normal. The possible range 

of values for the correlation coefficient (r) is -1 to 1. 

A correlation of -1 indicates a perfect negative 

correlation, and a correlation of 1 indicates a perfect 

positive correlation. Value 0,8 to 1 indicate very 

strong correlation, 0,6 to 0,8 indicate strong 

correlation, 0,4 to 0,6 indicate moderate correlation, 

0,2 to 0,4 indicate weak correlation, and < 0,2 

indicate very weak correlation. If the correlation 

coefficient is greater than zero, it is a positive 

relationship. Conversely, if the value is less than 

zero, it is a negative relationship. The correlations 

were considered significant if the p value < 0,05. 

Nutrisurvey 2007 was used to perform analysis of 

zinc intake. 

 

Results 

 

From 70 subjects, the median age was 30 (24-36) 

months. The majority of subjects had normal 

nutritional status and family income below UMP 

DKI Jakarta. Data on subjects’ characteristics can be 

seen in Table 1. 
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In this  

 

 

 

 

 

 

Table 1. Subjects’ characteristics 

 

* Median (min-max) 

** Mean ±SD 
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Correlation test Hair zinc level µg/g 

     r 

 

    p 

Zinc intake  -0.077 0.528 

VAS appetite  0,247 0,039* 

  
 

 

In this study, the median value of zinc intake was 

6 (1,2-22,5) mg/day. Compared to Indonesia RDA 

2019 adequacy, it was found that 20% of the subjects 

had insufficient zinc intake. The results can be seen 

in Table 1. The median (minimum-maximum) hair 

zinc value was 132 (30-451) µg/g. Compared to the 

cut off value of normal hair zinc level (≥ 80 µg/g), 

there were 17,1% subjects with insufficient hair zinc 

value. The adequacy of hair zinc can be seen in 

Table 1. The mean ± SD for VAS appetite 

assessment by the parents was 54.8 ± 20.5 mm. 

 The correlation between zinc intake and VAS 

appetite with hair zinc levels can be seen in Table 2. 

There was not significant very weak negative 

correlation between zinc intake and hair zinc levels 

(r = -0.077, p = 0.528). There was a weak positive 

correlation between VAS appetite and hair zinc 

levels (r = 0,247, p = 0,039).  

 

Discussion 

 

In this study, majority of subjects had adequate zinc 

intake, 20% of subjects had insufficient zinc intake. 

The median intake of zinc was 6 (1.2-22.5) mg, this 

result was not much different from the study on 

children under five in Semarang who got an average 

zinc intake of 5.2 ± 2.5 mg with 29.5% insufficient 

intake.12 Although intake of zinc was adequate, 

children are still considered as an age group at high 

risk for zinc deficiency, because the important role 

of zinc in cell division and protein synthesis is very 

much needed during the growth period. Indonesia 

RDA 2019 stated that 3 mg/day is sufficient for 

children aged 1-3 years with notes that it comes from 

sources with high and moderate bioavailability.6 

Zinc with high bioavailability is found in “expensive 

foods” such as fish and meat. The RDA of zinc for  

 

 

Southeast Asia should be considered regarding 

bioavailability of the diet compared to the western 

diet, Asians generally tend to consume less animal 

products and more plant products that are rich in 

phytate.13 Approximately 17.3% of the world's 

population is at risk of zinc deficiency which can be 

absorbed, with the highest risk in countries in 

Southeast and South Asia.14 It was found that 82.9% 

had adequate hair zinc levels and median hair zinc 

value was 132 (30-451) µg/g. The median is similar  

to the mean hair zinc value in the Brazilian study by 

Beinner et al.15 Beinner got an average hair zinc 

level 134.3 ± 110.3 µg/g. 

This study showed there was not significant very 

weak negative correlation between zinc intake and 

hair zinc levels (r = -0.077, p = 0.528). This result is 

similar to the study of Beinner et al.15 which found 

that there was no correlation between zinc intake and 

hair zinc level in Brazilian children. This result is 

different from the results of the study by Siahaan 

which obtained a strong and significant correlation 

with (r = 0.707, p = 0.000), but the study was 

conducted on a population of children with autism.16 

Another study in children in Brazil concluded that 

the physiological signs of zinc depletion are 

described with diverse biochemical functions rather 

than with specific functions, which makes it difficult 

to recognize zinc biomarkers. Prolonged and severe 

decrease in zinc intake can significantly reduce zinc 

stores in the body.17,18 Chronic zinc deficiency can 

be best assessed by examining hair zinc levels.15 It 

was also found in this study that adequate zinc intake 

had higher mean of hair zinc levels 

(169.93±112.009) compared to the group with 

inadequate zinc intake (137.07±79.11), but this 

increase was not significant (Table 3). This result is 

also similar with Beinner's study where in the 

increased zinc consumption group, the average hair 

zinc level also increased, but this increase was also 

not significant. There was a weak positive 

correlation between VAS appetite and hair zinc 

levels (r = 0,247, p = 0,039). This indicates with 

adequate zinc status, children appetite tend to be 

good, and the otherwise. This is similar to the study 

of Daniels et al.19 which obtain that increased food 

fussiness score or lack of appetite may result in 

decrease zinc concentration, or increase in zinc  

Table 2. Correlation of zinc intake and VAS appetite 

score with hair zinc level 

 
 
 
 
 

* statistically significant 
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concentration could result in a lower food fussiness 

score or bigger appetite. 

 Zinc is required for the metabolic activity of 300 

enzymes of the body, and is essential for cell 

division and the synthesis of DNA and proteins. This 

enzyme is involved with the metabolism of proteins, 

carbohydrates, and fats. Zinc is also important for 

wound healing, taste acuity, tissue growth and 

maintenance, immune system function, 

prostaglandin production, bone mineralization, 

thyroid function, blood clotting, cognitive function.7 

Hence when zinc needs are not met, it will affect 

optimal child growth and development. Therefore, 

this study took subjects aged 2 to 3 years old because 

this period is an important transition period from 

children eating complimentary food to family food, 

and optimal time to catch up growth after the golden 

period, where if there is insufficient nutrients such 

as zinc, it can be quickly resolved. Based on 

Indonesian RDA, the recommendation of zinc 

consumption in children aged 2-3 years is 3 

mg/day.6 Hopefully zinc needs can be fulfilled from 

variety of foods that are rich in zinc. Food rich in 

zinc include seafood, meat, whole grains, nuts, and 

dairy products. Most developing countries had 

children lack the intake of foods rich in easily 

absorbed zinc, such as liver, red meat, poultry, and 

seafood. The difference between zinc intake and 

absorption must be considered, because even if zinc 

intake is adequate, levels of inhibitors (fiber and 

phytate) in the diet can prevent zinc from being 

absorbed adequately. Traditional staple foods, such 

as cereals, and legumes contain zinc, but the 

presence of phytates, fiber, and lignin reduces their 

bioavailability. These substances form insoluble 

complexes with zinc and prevent its absorption.7 

Although the median of zinc intake of subjects in 

this study (6 mg/day) was higher than the 

recommendation in Indonesian RDA, however 20% 

of the subjects did not have sufficient zinc intake. 

Continuous lack of zinc intake will cause decrease 

in the body’s zinc reserves. A study by Jackson et 

al.20 on experimental animals, found zinc loss was 

not similar in all tissues. Hair, skin, heart and muscle 

zinc levels remained constant, while plasma, liver, 

bone zinc levels fell significantly. It is interesting 

that hair zinc concentrations did not change in this 

experimental animal study. Hair zinc levels are 

expected to change with marginal intake over the 

long term but not with severe depletion as studied in 

these experimental animals.20  

 Questionnaire of VAS was filled in by the 

subject's parents by marking with a vertical sign on 

a 100 mm horizontal line based on how they 

currently feel about the child's appetite with 

consideration that the extreme labels at both ends 

were the least hungry and the most hungry the child 

had experienced so far. In this study, mean of VAS 

score was 54,5 mm. When compared to the cut off 

from El Sayed Ahmad et al.21 study in pediatric 

patients of tonsillotomy which categorized between 

40 and 70 mm as “acceptable appetite”, the mean  

Table 3. Average hair zinc levels based on categorized variable 

 
 
 
 
 

mw= Mann Whitney, kw=Kruskal 

Wallis 
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VAS score of this study can be said to be “acceptable 

appetite”. The plausible mechanism for correlation 

between appetite score and hair zinc status as 

showed in Daniels et al.19 study if toddler is lack of 

appetite or food fussy, then they may eat fewer foods 

that are high in zinc, and zinc status could decreased. 

However, there is also evidence for the opposite 

pathway from low zinc status to decrease appetite. 

Lower zinc status can result in impaired taste acuity 

in children22,23,24, which may result in lower 

appetite.25 

 Zinc plays a role in activating areas of the brain 

that receive and process information from taste and 

smell sensors. So that zinc levels affect taste, taste 

preferences and increase taste sharpness.26 Research 

shows that zinc can increase appetite, energy intake 

and increase fat-free mass.27 Zinc can increase 

calorie intake because it can increase children's 

appetite.28 Research conducted animal studies have 

shown that oral zinc administration rapidly 

stimulates food intake during early-stage zinc 

deficiency without decreasing plasma and tissue 

zinc concentrations. Zinc supplementation increases 

appetite and weight in children with poor appetite 

and growth failure due to unspecified causes. In a 

study of zinc supplementation in malnourished 

children conducted in Taiwan, it was found that the 

effect of increasing appetite was significantly better 

in children whose initial zinc level was low.3 Other 

studies have shown that zinc supplementation can 

increase appetite and caloric intake in children aged 

2-6 years.28 Zinc also stimulates the growth and 

function of taste buds on the tongue, thereby 

affecting appetite.29,30 Zinc is a component of gustin, 

an important protein involved in sharpness of taste.8 

 There were some limitation of this study. It was 

carried out during the Covid-19 pandemic, thus 

limited available resources in the data collecting. 

The parents of prospective subject were also hesitate 

to participate because concerning of pandemic 

situation. There are also possibility of memory bias 

during assessment zinc intake of children with SQ-

FFQ. 

 

Conclusion 

 

 

 

 

From this study it can be concluded that zinc intake 

had no significant correlation with hair zinc level. 

Another finding in this study, appetite had a positive 

correlation with hair zinc level. Among subjects 

there are 20% that had zinc intake below the daily 

requirement. Zinc is needed in the development and 

growth of children, thus it is important to pay 

attention the adequacy of zinc intake. Health service 

centers can provide counseling to parents during 

visits regarding the importance of zinc sources for 

children's health and growth, instructions for the 

amount of zinc sources, especially from animal 

sources that are affordable for the community. 

Information needs to be carried out either directly or 

through social media, for example through 

infographics, regarding the importance of adequate 

intake of nutrients to meet the needs of zinc which 

can support children's growth and health. Further 

research is needed on zinc intake and status by 

considering albumin status, and grouping zinc 

sources from high and low bioavailability. 
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