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Effect of iron-zinc fortified milk on iron status and 
functional outcomes in underweight children

Endang Dewi Lestari1, Saptawati Bardosono2, Leilani Lestarina2, Harsono Salimo1

Abstract
Background Iron and zinc are essential micronutrients during 
school-age period. Milk could be an alternative medium for 
mineral fortification because it is consumed frequently by 
children.
Objective To evaluate the effect of iron-zinc fortified milk 
supplementation on iron status and functional outcomes in 
underweight children.
Methods
primary schools in Jakarta and Solo were recruited in the study. 
Subjects who had chronic illnesses, severe anemia, thalassemia 

to determine hemoglobin, serum ferritin and serum zinc. Serum 

were randomizedly allocated to receive iron-zinc fortified milk 
 for six months. The fortified 

feeds). The main outcomes measured were iron status, cognitive 
function, growth, physical fitness and morbidity.
Results Study groups were comparable at baseline. The fortified 
milk group had better physical fitness score and exercise duration 
at baseline. Both milk supplementations reduced the prevalence 
of anemia and iron deficiency. Fortified milk improved the speed 

Conclusion  Supplementation of milk reduces the prevalence of 
anemia and iron deficiency. Zinc-iron fortified milk gives positive 
impact on cognitive performance, growth, and physical fitness.
[Paediatr Indones. 2009;49:139-148].
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Iron and zinc are essential nutrients for 
human growth, development and health. 
Iron deficiency affects cognitive, psychomotor 
development, physical growth and activity.1-3

Zinc deficiency affects growth, cognitive and motor 
performance, immune function and increase the risk 
of infection.4-11 Iron and zinc have similar way of 
absorption chemically and transport mechanisms; 
both of them compete for absorptive pathways;
iron and zinc potentially interact when given 
together. There is evidence that adequate ratio 
of those micronutrients may contribute positive 

13,14

On the other hand, iron supplementation may 
be pertinent to incidence of infectious diseases; 
particularly with the morbidity rates i.e. the 
morbidity of malaria and HIV diseases associates 
with that of iron supplementation.  Nevertheless, 
the association between iron supplementation and 
the morbidity of common infectious diseases is still 
conflicting. Most of Indonesian children have low 
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micronutrients intake.  It is also stated that the 
Indonesian children consume a lot of phytate that 
inhibits the absorbtion of micronutrients particularly 
iron and zinc.  Although supplementation with iron 
and zinc altogether enhances distinct and unique 
biochemical and functional outcomes,19 milk 
fortification is an intriguing medium to increase the 
iron and zinc intake of the entire population.
To evaluate the acceptability and the efficacy of 
delivering micronutrients through fortified milk 

cognitive function, morbidity and physical fitness, 
we conducted a community based, double blind, 
randomized controlled trial to compare fortified 
milk with milk without fortification (standard 
milk). 

Methods

Participants

We included children who were underweight 
th

nd and 3th class of elementary school), had no 
chronic illness including renal, congenital thyroid 
disease, diarrhea, or thalassemia. Signed informed 
consent was obtained from parents or guardian. In 
addition, permission was sought from local school 
boards. Ethical approval of the study protocol was 
obtained from The Ethics Committee of Faculty of 
Medicine, University of Indonesia. We excluded 

milk allergy, and concomitant medication during four 
weeks preceding enrolment.  The eligible children 
were then randomized selected into two groups, the 

six months. 

Assessment, blood samples and laboratory 
procedures

After we obtained the informed consent, children 

were enrolled and underwent several assessments. 
The assessments were performed by trained observers 
at baseline, after three months supplementation, and 
endline of the study. A detailed baseline assessment 
including physical examination was performed by a 
physician while socio-demographic information were 
collected by trained interviewers.

Anthropometric measurement 

We measured weight, height, and mid upper arm 
circumference for anthropometric indicators. Weight 

(SECA Corporation, Colombia, MD) and height to 
Microtoire). Mid

upper arm circumference was measured to the nearest 
1 mm by using a non stretchable plastic measuring 
tape. All measurements were done in duplicate by 
trained observers

Blood sample collection

Blood samples were obtained by venipuncture. 
Hemoglobin concentrations were measured by 
standard cyanmethemoglobin method. Serum 
ferritin concentrations were measured using ELISA.
Anemia was defined as hemoglobin concentration

μg/l. Iron 
deficiency anemia was defined as anemia with ferritin 

μg/l. Plasma CRP was 
measured by immunoturbidimetric assay for the in 
vitro quantitative determination of CRP in human 
serum on Roche automated clinical chemistry 
analyzers. Plasma CRP levels were considered elevated 

Dietary evaluation

A three-day food records survey were conducted to 

recall method had also been used, and reported 
nutrition intake with this technique compared 
with a three-day food records survey. For analysis 
of daily nutrition intake, NutriSurvey for Windows 

University) was used to calculate intake energy and 
other nutrients.
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Cognitive measurement

Cognitive function were measured by using Weschler 
Intelligence Scale III test, mainly focused on Coding 
Score (Speed processing), Digit Span Forward Score 
(Verbal Attention), Digit Span Backward Score 
(Working Memory), and Visual Search Score (Visual 
selective attention and visual-motor speed). 

Episode of morbidity

The information about episode of morbidity during 
milk supplementation was collected from the daily 
medical record which was filled in by trained school 
teachers. Clinical features reported by the children 
such as runny nose and/or cough were classified 
as URTI. Fever was defined if reported to occur. 
Diarrhea was defined if liquid or loose stool was 

of illness was defined as the computation of all 
episode of illness such as URTI, fever and diarrhea 
found in every visit. The episodes of morbidities 
were registered in every follow-up visits in week-1, 

Physical fitness measurements

Physical fitness was assessed with modified Harvard 
Step Test which required the subjects to step up and

while wearing a backpack containing bags of sugar 
weight. The steps were 

measured at rest, after at 1, 

A physical fitness score was calculated as follows: 

and 3 min after 
test completion.

Intervention and compliance

of milk per-day (Nestle Brands, Indonesia). The 
children of the first group drank the fortified milk 

while the other one consumed standard milk. At 
enrollment, teachers were shown how to reconstitute 
the powdered milk. Table 1 shows the composition 
of milk in the two groups. Assistant delivered the 
milk every month to the schools, the teachers then 
prepared one serving in the school and provided 
one sachet to the children to be consumed in the 
afternoon. Teachers recorded and compiled the 
returned sachet every week.

Table 1. Composition of milk preparations as nutritive value per 
serving

Per serving
Unit

27 g 27  g

Nutrient

Energy
Fat
Protein
Carbohydrate
Sugar
Sodium
Vitamin A
Vitamin D 3
Vitamin E
Vitamin K
Vitamin C
B1
B2
B3
B6
B9
B12
Kalium
Magnesium
Zinc
Fe
Ca
Fosfor

Kcal
g
g
g
g

mg
IU
IU
Iu

mcg
mg
mg
mg
mg
mg
mcg
mcg
mg
mg
mg
mg
mg
mg

100.0
3.7
4.0

12.7
6.4

59.0
396.0
51.0
5.0
9.1

50.0
0.09
0.31
1.43
0.14
44.0
0.4

194.0
14.0
0.9
3.1

179.0
120.0

100.0
3.7
4.0

12.7
6.4

59.0
396.0
51.0
5.0
9.1

50.0
0.09
0.31
1.43
0.14
44.0
0.4

194.0
14.0
0.05
0.01

179.0
120.0

Table 2. Baseline characteristics of the two groups. Figures are 
numbers (percentages) of participants unless stated otherwise.

Intervention  
 (n= 220)

Control
(n=217)

Mean age
Boys
Hemoglobin (g/l)

Mean (SD)
Mean(SD) serum ferritin (mcg/l)
Mean(SD) serum zinc (mg/l)
Nutritional status

Wasted
Stunted

Prevalence of anemia

13.01(0.91)
30.79(22.10)
13.5 (3.05)

39(18)
88(40.6)
31(14.3)
31(14.3)

6(2.8)

12.92 (0.89)
34.49(22.86)
13.46(3.08)

24.4(51)
81(38.8)
28(13.4)
26(12.4)

7(3.3)
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of population value for verbal attention, working 
memory and visual attention is seemed to be less in 
the milk-fortified group, even though no significant 
result if compared to standard-milk group. After milk 
supplementation, subjects with fortified milk had 

percentile compared to standard-milk group. MANOVA 
analysis showed that speed processing score in the 
fortified milk group was constantly higher compared to 
that in the standard-milk group (Table 3). 

Physical fitness

The subjects who received iron-zinc fortified milk 
supplementation tended to have lower number 

of the baseline data (Table 3). However, during milk 
supplementation, the duration of step test and the 
step test score increased significantly in both group 
(Table 3).

Ferritin response 

Both groups had improved iron status. However, serum 
ferritin concentrations were already significantly 

children suffered from iron deficiency did not differ 
significantly between two groups. The serum ferritin 

during the milk supplementation in both groups. The 
prevalence of iron deficiency in both groups decreased 
significantly after milk supplementation; but but the 
difference was not significant between the two groups. 
(Table 3 and 4).

Morbidity

There were no significant difference between the 
two groups about the effect of intervention on serum 
CRP level (Table 3), total episode of illness and 
mean disease episode. After three months of milk 
supplementation, the episode of illness tended to 
decrease in both groups, but those were not occurring 
after six months of milk supplementation (Table 
5). However, we found a weak correlation between 
morbidity and ferritin level in the last three month 
period (Table 6).

Sample size and power

We calculated the sample size by having the objective 

consuming fortified milk, with 

Data management and analysis

We used SPSS for WINDOWS software (version
SPSS Inc, Chicago). Anthropometric data were shown
as mean (SD) z
referencepopulation. Conversionto anthropometrical 
z software
(version 3.4; Centers for Disease Control and 
Prevention,
Disease Control and Prevention reference growth 

associations
between categorical variables. Continuous data 
was analyzed by using independent-t test or Mann-
Whitney. Correlation between iron status and episode 
of illness was analyzed by using linier regression.

Results

Study group were comparable at baseline as shown in 
Table 2. The prevalence of underweight, stunting, and 
wasting in fortified milk group tended to decrease more 
than that of standard milk group. The children who 
consumed fortified milk significantly gained height and 
sitting height after three months and six months of milk 
supplementation. Prevalence of iron deficiency anemia 
among the study population decreased at three months 
and six months of milk intervention. Even though, 
there were no significant different between fortified 
group and standard groups (Table 3). Milk compliance 
was not significantly different between the two groups 
during the six months of milk supplementation i.e. 

Cognitive performance 

We measured the improvement of cognitive performance 
by analyzing the proportion of subjects who performed 
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Table 3. Characteristics of the subjects, %(n)

Baseline Midline Endline

Milk A Milk B Milk A Milk B Milk A Milk B

Nutrition Status
Prevalence of Underweight
Prevalence of Stunted
Prevalence of Wasted
Anemia

(Hb < 12 g/dl)

Cognitive Performance < P50
Speed Processing

P 50 = 29 
Verbal Attention 

P 50 = 5
Working Memory

P 50 = 2
Visual Attention 
P 50 = 6

Physical Fitness
Duration of Step Test < 60s
Step Test Score < P50

P50 = 7082
Micronutrient Status

(Ferritin < 12mcg/dl)
Morbidity

Elevated CRP Level
(>5 mg/l)

Dietary Intake < 60% RDA
Calorie intake
Iron intake
Zinc intake
Calsium intake
Vitamin C intake

56.2 (122)
40.6 (88)
18 (39)

14.3 (31)
2.8 (6)

48.8 (106)

59.9 (130)

51.6 (112)

51.2 (111)

34.6 (75)

41.5 (90)

14.3 (31)

0.9 (2)

64.5 (140)
60.4 (131)
97.7 (212)
82.5 (179)
71.4 (155)

59.8 (125)
38.8 (81)
24.4 (51)

13.4 (28)
3.3 (7)

55 (115)

59.8 (125)

48.8 (102)

54.5 (114)

46.9 (98)2

58.9 (123)3

12.4 (26)

1.0 (2)

66.5 (139)
79.4 (166)4
98.6 (206)

90.0 (188)5
79.4 (166)

41.9 (91)
39.2 (85)
10.1 (22)

17.5 (38)
1.4 (3)

33.2 (72) 

54.4 (118)

32.3 (70)

31.3 (68)

15.2 (33)

20.3 (44)

6.0 (13)

1.4 (3)

71.4 (155)6
7.8 (17)

89.9 (195)
21.7 (47)9

41.0 (89)10

48.8 (102)
41.6 (87)
11.0 (23)

13.4 (28)
1.4 (3)

35.9 (75)

51.7 (108)

29.2 (61)

28.2 (59)

22.0 (46)

27.3 (57) 

9.6 (20)

0.0 (0)

24.9 (52)
46.4 (97)7

98.6 (206)8
10.0 (21)
28.7 (60)

49.3 (107)
35.5 (77)
12 (26)

11.1 (24)
0.9 (2)

19.4 (42)

49.8 (108)

24.9 (54)

15.2 (33)

6.9 (15)

9.2 (20)

6.0 (13)

1.4 (3)

53.5 (116)11
0.5 (1)

85.7 (186)12
25.3 (55)
45.2 (98)

57.4 (120)
35.4 (74)
14.4 (30)

9.1 (19)
1.0 (2)

28.7 (60)1

59.3 (124)

32.1 (67)

16.3 (34)

11.0 (23)

14.4 (30)

4.8 (10)

0.5 (1)

34.4 (72)
28.7 (60)13
70.8 (148)
27.8 (58)
43.1 (90)

P value = 0.016, using Fisher’s Exact Test 

P value = 0.010, using Fisher’s Exact Test

P value = 0.000, using Fisher’s Exact Test

P value = 0.000, using Fisher’s Exact Test

P value = 0.035, using Fisher’s Exact Test

P value = 0.000, using Fisher’s Exact Test

P value = 0.000, using Fisher’s Exact Test

P value = 0.000, using Fisher’s Exact Test

P value = 0.001, using Fisher’s Exact Test

P value = 0.008, using Fisher’s Exact Test

P value = 0.000, using Fisher’s Exact Test

P value = 0.000, using Fisher’s Exact Test

P value = 0.000, using Fisher’s Exact Test

Nutrient intake

The daily nutrient fulfillment had increased on both 
groups. The subjects who received standard milk had 

significantly higher energy intake (Table 5) than before. 
Several nutrients intake, such as calcium and vitamin 
C tended to show a higher fulfillment adequacy during 
the first three months of supplementation. 
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Discussion

In this study, milk supplementation decreased the 
prevalence of underweight, stunted and wasted. 
Prevalence of iron deficiency anemia among the 
study population also decreased at three months 
and six months of milk intervention. However, 
there are no significant difference between fortified 
group and standard groups. This study indicated 
that milk provided nutrient benefits for underweight 

provided by the milk has led to the lower prevalence 
of underweight, stunted, wasted, anemia and iron 
deficiency. 

lower than those reported earlier. Since most of 
the subjects had normal hemoglobin and serum 
ferritin, no major changes that can be obtained after 
supplementation. We found that the subjects who 
received fortified milk had significantly better speed 

processing, even though they had similar result in other 
cognitive measurements such as working memory, 
verbal attention and visual attention. Iron is required
by enzymes involved in specific brain functions for 
myelination and synthesis of the neurotransmitters 
serotonin (tryptophan hydroxylase) and dopamine 
(tyrosine hydroxylase).  Zinc also contributes to the 

required for the synthesis of neurotransmitters.  The 
neurotransmitters are important to mantain adequate 
cognitive function.     

In this study, milk supplementation provided 
positive effect on physical fitness. Since the positive 
effect on the physical fitness also occurred in both 
groups, the result is considered to be not related to 
the micronutrients supplementation as mentioned 
by other studies.  Consequently, subjects which 
consumed fortified milk had higher iron intake than 
before. However, consuming fortified milk is not the 
only cause to have better iron status and iron storage; 
other factors can affect the ferritin level, such as 
infection and inflammation. Therefore, the study 
also showed the influence of the infectious diseases 
on the ferritin level. Morbidity and inflammation 
may increase the iron status. This study showed that 
there was an increase of iron status after six months 
of supplementation in both groups. By chance, the 
total illness episodes in both groups had increased 
after six months of milk supplementation; however 
the difference of each increment is not significant 
between the two. One possible factor that effecting the 
morbidity was that there was unexpectedly flooding 

Table 5. Effects of milk supplementation on morbidity (mean (SD))

Milk A Milk B P

First three months (month 0-3)
Number of URTI episodes
Number of fever episodes
Number of episodes of gastrointestinal infection
Total number of episodes of illness

Second three months (month 3-6)
Number of URTI episodes
Number of fever episodes
Number of episodes of gastrointestinal infection
Total number of episodes of illness

Six months (month 0-6)
Number of URTI episodes
Number of fever episodes
Number of episodes of gastrointestinal infection
Total number of episodes of illness

0.98 (SD 1.12)
0.29 (SD 0.52)
0.05 (SD 0.22)
1.32 (SD 1.34)

0.44 (SD 0.65)
0.25 (SD 0.50)
0.05 (SD 0.25)
0.74 (SD 0.94)

1.42 (SD 1.40)
0.54 (SD 0.80)
0.10 (SD 0.34)
2.07 (SD 1.79)

0.98 (SD 1.14)
0.22 (SD 0.46)
0.04 (SD 0.23)
1.24 (SD 1.29)

0.35 (SD 0.56)
0.24 (SD 0.46)
0.02 (SD 0.15)
0.62 (SD 0.90)

1.34 (SD 1.42)
0.46 (SD 0.71)
0.07 (SD 0.30)
1.86 (SD 1.77)

0.995
0.114
0.724
0.514

0.134
0.759
0.269
0.162

0.515
0.223
0.341
0.229

Table 6. Correlation between change of ferritin plasma level with 
morbidity (total of episodes of illness) during milk intervention

Morbidity
Ferritin serum

r P
Total of episodes of illness during 

Total of episodes of illness during 
second three months

Total of episodes of illness during 
six months

0.01

0.13

0.04

0.89

0.01*

0.46
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disaster in both sites of the study (Jakarta and Solo) 
during the last three months of milk supplementation. 
We found that there was a weak correlation between 
episode of morbidity and serum ferritin level in the 
last three months of supplementation. Likewise, other 
study showed a positive effect after a year of fortified 

zinc in reducing the morbidity; the duration of 
supplementation and level of micronutrients might 
also plays a role. 

Many factors seem to influence the outcome 
of micronutrient supplementation. In this study, 
we found that subjects who received standard 
milk tended to have higher calcium and vitamin 
C intake. However, based on the study result, 
both nutrients do not influence the iron and zinc 
utilization and its absorption. Based on the theory, 
higher calcium intake could inhibit iron utilization.
Moreover, vitamin C intake might .enhance the iron 
absorption.  However, no impact of those nutrients 
was found in this study.  

Interactions between zinc and iron were mostly 
found when the micronutrients were given by using 
the water solution medium. Several studies have 
shown that fortified milk has positive impact on the 
prevalence of anemia and physical growth thus,
iron and zinc that supplemented in powder milk using 
adequate ratio might be an efficient way to provide 
micronutrient fortification. However, in order to get 
more evidences, further studies on the effect of iron 
and zinc supplementation in milk to the iron status  
are needed.

The iron status of the children in the study 
population was within normal range. Most of the 
children did not suffer from iron deficiency. As stated 
earlier, supplementation of iron-zinc fortified milk has 
positive effects on functional outcome such as growth 
and cognitive performance. Furthermore, both milk 
supplementations i.e. fortified milk and standard milk 
also have positive effects on iron status and physical 
fitness. It seems that the human body could utilize 
the milk ingredients well and get positive functional 
outcomes. The evidence showed that iron-zinc 
fortified milk and standard milk supplementations are 
able to increase the iron status. However, vitamin C 
intake also seems to affect the iron status of children 
by standard milk. It may also indicates that vitamin C 
has an important role as an enhancer to iron utilization 

that will affect the iron status of children who consume 
standard milk.18

Moreover, the fortified milk supplementation is 
effective to increase height, sitting height and speed 
processing. All cells require iron (Fe) and zinc to grow, 
replication, respiration, and DNA synthesis. Iron 
and zinc are required for critical proteins within the 
mitochondrion that involved in electron transport 
and energy production.  These findings support 
several other studies that found no independent 
negative effect either of iron-zinc supplementation 
or even a beneficial effect on growth and cognitive 
performance. In conclusion, milk supplementation 
provides significant benefits for the underweight 
school children. It reduces the prevalence of anemia 

the speed processing score, height and sitting height. 
Thus, milk fortified with iron and zinc, in the proper 
ratio, can be recommended for improving school 
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