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Abstract
Inadequate nutrient intake as part of a complementary feeding diet is attributable to poor feeding practices and poor access to nutritious foods.
Household socio-economic situation (SES) has an influence on food expenditure and access to locally available, nutrient-dense foods and
fortified foods. This study aimed to develop and compare complementary feeding recommendations (CFR) for 12–23-month-old children in
different SES and evaluate the contribution of fortified foods in meeting nutrient requirements. A cross-sectional survey was conducted in low
and medium SES households (n 114/group) in urban Bandung district, West Java province, Indonesia. Food pattern, portion size and
affordability were assessed, and CFR were developed for the low SES (LSES) and middle SES (MSES) using a linear programming (LP)
approach; two models – with and without fortified foods – were run using LP, and the contribution of fortified foods in the final CFR was
identified. Milk products, fortified biscuits and manufactured infant cereals were the most locally available and consumed fortified foods in the
market. With the inclusion of fortified foods, problem nutrients were thiamin in LSES and folate and thiamin in MSES groups. Without fortified
foods, more problem nutrients were identified in LSES, that is, Ca, Fe, Zn, niacin and thiamin. As MSES consumed more fortified foods,
removing fortified foods was not possible, because most of the micronutrient-dense foods were removed from their food basket. There were
comparable nutrient adequacy and problem nutrients between LSES and MSES when fortified foods were included. Exclusion of fortified foods
in LSES was associated with more problem nutrients in the complementary feeding diet.
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Adequate nutrition during the first 2 years of life is important to
ensure optimal physical and mental development of infants and
young children. In order to meet adequate nutrition during this
period, complementary food with high energy and nutrient
density should be provided, as young children have limited
gastric capacity(1). The World Health Organization/United
Nations International Children’s Emergency Fund(2) have urged
all countries to promote improved complementary feeding
practices to ensure optimal health, growth and development of
young children. In Indonesia, however, there are still poor
complementary feeding practices as characterised by inade-
quate nutrient density(3).
Food-based strategies are most sustainable in the long-term, as

compared with the other alternatives such as micronutrient sup-
plements and fortified and processed complementary foods

alone, especially if incorporating behavioural and environmental
factors. Complementary feeding recommendations (CFR), which
promote culturally acceptable and affordable changes to local
complementary feeding practices and also include local nutrient-
dense foods, including low-cost fortified products(4,5), will
enhance chances for sustainable improvements in the nutritional
status of children under 2 years of age.

The importance of consuming nutrient-dense foods has been
supported by our previous studies on optimisation of local com-
plementary foods using a procedure called linear/goal program-
ming (LP). The studies found that, with the current income level
and the feasible portion size consumed by the young children,
even when the diet is optimised, it is difficult to achieve adequate
Fe, Zn and Ca intakes, that is, the ‘problem nutrients’(6,7).
Other analyses, involving cost-to-nutritional benefit (i.e. nutrient

Abbreviations: CFR, complementary feeding recommendation; IDR, Indonesian Rupiah; LP, linear programming; LSES, low socio-economic situation; MSES,
middle socio-economic situation; RNI, recommended nutrient intake; SES, socio-economic situation.
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adequacy), suggest that the use of fortified foods (in urban
settings) and mixed dishes comprising nutrient-dense foods (in
rural settings) is a potential approach to improve nutrient ade-
quacy, especially for these three problem nutrients(8). Local CFR
that include nutrient-dense foods (locally available fortified foods,
recipes using nutrient-dense foods) should therefore enhance
practise of the CFR. As household socio-economic situation (SES)
has an influence on food expenditure and access to nutrient-
dense foods, assessment of food pattern, food list and finally
the local CFR in the different socio-economic levels will provide
recommendations and solutions that are more suitable for
different SES groups.
The aims of this study were to develop and compare CFR for

children aged 12–23 months in lower and middle socio-economic
classes of an urban area in Indonesia and to evaluate the
contribution of fortified foods to meet the nutrient requirements.

Methods

Study design and population under study

The present study was a cross-sectional survey to obtain
indicators required to develop the CFR (input variables) as well
as other indicators relevant to child feeding care. The popula-
tion under study included children aged 12–23 months who
lived in three sub-districts in Kota Bandung district (Bandung
Kulon, Kiara Condong, Regol) West Java, Indonesia. These
sub-districts were selected on the basis of population density
and socio-economic profiles. Exclusion criteria for subjects
were sickness/illness on the day of weighed diet record
measurement (which influenced the child’s appetite) and
severely wasted children (weight-for-age Z-score<− 3·00).

Sample size and sampling procedure. The sample size (n 114/
group) was calculated on the basis of expected prevalence of
inadequate intake in the three problem nutrients (Ca, Fe, Zn)
based on a previous study in a peri-urban area in Bogor, West
Java, with 10% absolute precision, 95% power and 10% allow-
ance for non-response rate(6). In the selected sub-district, two to
four villages/Kelurahan – or minimally 15% of the number of
villages in the Kelurahan sub-district – were randomly selected,
and all children aged 12–23 months in these villages were listed
as the sampling frame. The households in the sampling frame
were first visited to assess the SES category they belonged to on
the basis of monthly household expenditure categories, that is,
A, B, C1, C2, D, E (The Nielsen Company Indonesia, 2010). The
households were then classified into three SES strata of high
(A and B), medium (C1 and C2) and Low (D), and finally simple
random sampling was used to select 114 respondents per SES
group for the study. This report is confined to analysing the
middle (MSES) and the low (LSES) socio-economic groups.

Data collection. Household socio-economic conditions,
mother’s nutrition knowledge and feeding practices were
assessed using structured interview. Children’s dietary intakes
were assessed using 1-d weighed diet records, 1-d 24-h dietary
recall and 5-d food tally, as reported earlier(6), which altogether

provided data on food pattern, that is, 7-d or weekly frequency
of food consumption. Food portion was based on weighed
portion for those who consumed the food. Dietary intake data
were entered into Nutrisurvey software (www.nutrisurvey.de)
for conversion into nutrient data using Indonesian Food
Composition Tables. A market survey was carried out in
representative markets in the study area to determine the cost of
foods consumed per 100 g edible portion. For cooked foods,
raw ingredients were purchased from the markets and cooked
to obtain cost per edible portion of cooked food, similar to the
portion measured in the survey.

Linear/goal programming: data input preparation and analysis

LP analyses from Optifood were used to (1) check model
parameters, that is, food items, food portions and food patterns
(module I analyses); (2) formulate the nutritionally ‘best diet’ for
each target group, given local food availability, food pattern and
food affordability (module II analyses); (3) evaluate nutrient
adequacy and identify absolute or partial ‘problem nutrients’ by
minimising and maximising the nutrient content of modelled
diets for each nutrient (module III analyses); and (4) identify
locally available nutrient-dense foods including fortified pro-
ducts to fill the nutrient gap and compare among alternatives of
CFR, based on the comparative cost and nutritional benefits
after successful adoption of each of the intervention foods
(module III analyses)(9,10).

The nutrient goals, that is, percentage of recommended
nutrient intakes (RNI) fulfilment (module II analyses) and
dietary adequacy (module III analyses), were defined using the
Food and Agriculture Organization/World Health Organization
RNI(11,12). Moderate bioavailability was assumed for Zn, and
10% absorption was assumed for Fe. Energy and protein
requirements used in the model were calculated on the basis of
the FAO equation, that is, energy (kJ/d (kcal/d))= 82·5× body
weight (kg) and protein (g/d)= 1·03× body weight (kg) with
mean body weight of 12 kg. A fixed quantity of breast milk
(532 g/d) was included, which was derived from the difference
between the estimated average energy requirements of the
study subjects (3535 kJ/d (845 kcal/d))(13) and the observed
mean energy intakes from complementary foods among the
subjects in this study (2180 kJ/d (521 kcal/d)), and by assuming
breast milk energy density of 2·5 kJ/g (0·6 kcal/g)(14).

The Excel programme was used to calculate the minimum,
average and maximum (10th, 50th, 90th percentiles, respec-
tively) weekly food frequency of each food item, food sub-
group and food group. Food sub-groups and food groups were
categorised on the basis of the grouping in Optifood. The
median portion for children who consumed the food was used
as the standard portion size for each food.

In total, two best diets were modelled using LP: (1) best diet
with food pattern goal (FP), the most optimal diet that con-
formed as closely as possible to the food pattern (i.e. median
weekly frequency of each food item, food sub-group and food
group), and (2) best diet with no food pattern goal (No FP), the
most optimal diet that allowed more flexibility to the food
pattern (i.e. may deviate from median weekly frequency of
each food item, food sub-group and food group but remains
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within the minimum–maximum range of its weekly frequency).
The No-FP best diet is therefore more likely to achieve higher %
RNI than the FP best diet.
Problem nutrients were categorised in two ways: (1) partial

problem nutrient, a nutrient that is <100% of its RNI among the
two best diets but exceeds 100% of its RNI in the diet with the
highest levels achievable for that nutrient (best-case scenario);
thus, for a partial problem nutrient, the requirement can be
achieved using local foods but at the cost of achievement of at
least one other nutrient requirement; and (2) absolute problem
nutrient, a nutrient with fulfilment<100% RNI in the two best
diets and in the best-case scenario; thus, this nutrient requirement
cannot be achieved using the existing food pattern. To assess the
contribution of fortified foods, in this study, we reported LP
analyses with and without fortified foods in the study area. The
final CFR selected was the one in which the worst-case scenario
nutrient intakes were ≥65% of their RNI (value closest to the
estimated average requirement) for as many nutrients as possible.
The present study was conducted after receiving an approval

from the Ethics Committee of the Faculty of Medicine,
University of Indonesia (no. 59/PT02.FK/Etik/2011). Permission
was obtained from the local authority, district health offices and
Puskesmas at the respected sub-district. Subjects or care givers
of subjects were assessed only after they gave their informed
consent. Participation of the subjects in the study was voluntary.
All data were treated confidentially and were used only for
study purposes.

Results

There were significant differences between SES groups in terms
of parental level of schooling and father’s occupation. More
fathers and mothers in the LSES group had only primary
education (fathers: 18·6 v. 3·6%; mothers: 19·3 v. 2·6%, in LSES
and MSES, respectively). Most fathers in the LSES group worked
as labourers (34·5%), whereas most of them in the MSES group
worked as a private employees (42·9%). SES groups were

comparable in terms of mother’s occupation (71·6% house-
wives), child’s age (median 18·3 months) and sex (53·2% boys).

The medians of daily per capita food expenditure were
Indonesian Rupiah (IDR) 3300 (25th–75th percentiles 2000–
6100) in LSES and IDR 5000 (25th–75th percentiles 2500–6700)
in MSES (P< 0·05). The weekly food pattern frequency of
children in MSES was characterised by more frequent intake of
plant and animal proteins and sweetened snacks and desserts
(higher median frequency/week), as well as fruits and milk
products (higher upper frequency/week). On the other hand,
grains and grain products were more frequently consumed by
children in the LSES group, Table 1. In line with this food pat-
tern difference, when the best diets between LSES and MSES
were compared, more frequent consumption of plant proteins
(legumes, nuts and seeds), animal proteins (meat, fish or egg

Table 1. Food pattern (times/week) of food groups, by socio-economic
levels

LSES MSES

FOOD_GROUP Min Me Max Min Me Max

Grains and grain products 15 21 26 12 20 26
Bakery and breakfast cereals 7 14 28 2 14 23
Starchy roots and other starchy plant foods 1 2 4 1 2 4
Composites 1 1 2 1 1 2
Legumes, nuts and seeds 1 4 9 2 6 18
Meat, fish and eggs 2 8 15 4 14 28
Dairy products 2 10 24 1 11 32
Vegetables 2 5 13 1 6 16
Fruits 1 5 12 1 5 16
Sweetened snacks and desserts 1 5 14 1 8 22
Savoury snacks 1 6 13 2 6 17
Beverages (non-dairy products) 1 2 7 1 1 5
Added sugars 1 1 2 1 2 8

LSES, low socio-economic situation; MSES, middle socio-economic situation;
Min, minimum weekly frequency (5th percentile); Me, median weekly frequency
(50th percentile); Max, maximum weekly frequency (95th percentile).

Table 2. Comparison of the food patterns (frequency/week) in the two
best diets with fortified foods, with food pattern goal (FP) and with no food
pattern goal (No FP), by socio-economic levels

LSES MSES

Nutrients FP No FP FP No FP

Grains and grain products 25 22 21 21
Bakery and breakfast cereals 10 10 9 14
Starchy roots and other starchy plant foods 2 3 2 3
Composites (mixed food groups) 1 1 1 2
Legumes, nuts and seeds 4 9 6 14
Meat, fish and eggs 8 15 21 21
Dairy products 12 16 19 19
Vegetables 5 13 6 13
Fruits 5 9 5 10
Sweetened snacks and desserts 5 2 8 0
Savoury snacks 6 1 6 5
Beverages (non-dairy products) 2 3 1 3
Added sugar 1 1 2 2

LSES, low socio-economic situation; MSES, middle socio-economic situation.

Table 3. Percentage recommended nutrient intakes achievable with the
two best diets with fortified foods, with food pattern goal (FP) and with no
food pattern goal (no FP), by socio-economic levels

LSES MSES

Nutrients FP No FP FP No FP

Food energy 100 100 100 100
Protein 204 238 231 246
Fat 111 118 110 102
Carbohydrate N/A N/A N/A N/A
Ca 105 129 116 133
Vitamin C 154 185 100 116
Thiamin 74 87* 65 86*
Riboflavin 139 213 170 182
Niacin 85 100 97 100
Vitamin B6 249 532 501 342
Folate 173 254 44 78*
Vitamin B12 272 425 352 344
Vitamin A RE 190 222 151 179
Vitamin A RAE 124 134 87 100
Fe 47 100 100 100
Zn 84 120 104 116

LSES, low socio-economic situation; MSES, middle socio-economic situation;
N/A, not analysed; RA, retinol equivalent; RAE, retinol activity equivalent.

* Problem nutrients, that is, nutrient which does not meet 100% in No-FP diets.
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products), fruits and bakery products – which included fortified
biscuits – was observed in the MSES group, given their higher
intake in the survey data. In addition, the number of staples that
indicated the number of main meals could be as low as 14
times/week (<3 times/d) in the LSES (Table 2).
Table 3 shows the percentage RNI fulfilment from the two best

diets. The problem nutrients in the CFR (‘with fortified foods’
models) were thiamin in the LSES group and thiamin and folate in
the MSES group. Table 4 shows the maximised %RNI achieve-
ment for each nutrient. The problem nutrients that maximised %
RNI achievement remained <100% – thiamin and folate – in the

MSES groups, and therefore these were regarded as absolute
problem nutrients. Surprisingly, no absolute problem nutrient was
found in LSES, and thiamin was only a partial problem nutrient in
the LSES group. When fortified foods were excluded, more
problem nutrients were identified in LSES (i.e. best-case scenario
<100%RNI), namely (in the order of severity), Fe, thiamin, Zn,
niacin and Ca (Fig. 1). The model without fortified foods cannot
be generated with LP analysis for the MSES given the unfeasible
goal model energy. As the MSES group consumed more fortified
foods, excluding fortified foods caused most of the micronutrient-
dense food to be removed from their food basket and a feasible
solution could not be reached.

To identify and select nutrient-dense foods that had the
potential to increase intake of the problem nutrients, (1) the
best food sources, that is, foods that provided >5% of any
micronutrient in the best diet No FP, were identified; and (2) the
number of nutrients for which each of those foods provided
>5% of any nutrient was tallied, with special attention given to
its contribution in terms of the problem nutrients. Milk products,
fortified biscuits and manufactured infant cereals were the most
locally available fortified products in the market. Powder and
liquid milk had the most brands/types that were fortified (forty-
six brands), followed by biscuits, crackers and wafers (thirty-
three brands), drinks (thirteen brands), baby cereals (ten
brands), noodles (nine brands), chips (seven brands), cakes
(four brands) and condensed milk (four brands). The fortified
foods (portion sizes) commonly consumed by the children
were liquid milk (130 g), manufactured infant cereal (32 g),
powder milk (22 g), biscuits (8 g) and baby biscuits or rusk (5 g).

Fortified foods and other nutrient-dense foods that con-
tributed >5% of the nutrient intake, for each of the ‘with for-
tified foods’ and ‘without fortified foods’ LP models, were
banana, chicken liver, mungbean, papaya, tempe, tofu and
several fortified foods including fortified biscuits, manufactured
infant cereals, fermented milk, follow-on milk and ultra-high
temperature-treated milk. These nutrient-dense foods were
tested individually as well as in combination in alternative CFR
(Table 5). The selected CFR (Table 6) was that in which as many

Table 4. Worst (minimised) and best (maximised) case scenario
percentage recommended nutrient intakes (RNI) of each nutrient in
the complementary feeding recommendations with fortified foods, by
socio-economic levels

LSES MSES

Nutrients Min Max Min Max

Food energy 55 122 14 105
Protein 154 262 199 269
Fat 93 149 89 122
Ca 61 157 95 161
Vitamin C 110 310 34 202
Thiamin 32 100*† 40 96*‡
Riboflavin 42 227 73 226
Niacin 28 133 47 135
Vitamin B6 44 552 89 595
Folate 13 274 23 83*‡
Vitamin B12 88 449 120 447
Vitamin A RE 26 295 47 193
Vitamin A RAE 13 176 10 113
Fe 18 109 45 130
Zn 42 134 58 146

LSES, low socio-economic situation; MSES, middle socio-economic situation; Min,
minimum; Max, maximum; RE, retinol equivalent; RAE, retinol activity equivalent.

* Problem nutrients, that is, nutrient that does not meet 100% in at least one of the
two best diets.

† Partial problem nutrient (<100%RNI in two best diets, Table 3, but ≥100% in
maximised RNI).

‡ Absolute problem nutrient (<100%RNI in two best diets and <100% in maximised
RNI).
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Fig. 1. Percentage recommended nutrient intakes in the best diet with no food pattern goal, by socio-economic levels and inclusion of fortified foods (FF). The model
without fortified foods cannot be generated with linear programming analysis for the middle socio-economic situation (MSES) given unfeasible goal model energy.

, MSES with FF; , low socio-economic situation (LSES) with FF; , LSES without FF.
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Table 5. Percentage recommended nutrient intakes (RNI) and diet cost for the optimised diet, the best and worst-case scenario results and the worst-case scenario results of alternative complementary
feeding recommendations

Analysis Protein Fat Ca Vitamin C Thiamin Riboflavin Niacin Vitamin B6 Folate Vitamin B12 Vitamin A RE Fe Zn Cost (IDR/d)

LSES
Optimised diets – with FP 204 110·7 104·8 154·1 73·5 139·4 85·3 249·3 173·2 272 190·4 46·6 84 8984·4
Optimised diets – without FP 238·2 117·5 128·7 185·1 86·9 212·7 100 532·1 254 425·1 222·4 99·6 119·5 9668·9

1. Test recommendation 1 (no recommendation) 154·3 93·2 60·9 109·5* 31·5 41·7 27·9 43·7 13·2 88·4* 25·7 17·9 42·3 5431
2. Mungbean 3 (no. 1) 171·2 93·2 61 113·1* 36·3 44·9 29·6 69·2* 230·6* 88·4* 26·6 20·8 47·4 5431
3. Chicken liver 3 (no. 2) 163·3 94·2 61·3 109·5* 37·9 79·6* 31·7 54·4 13·2 213·5* 150·7* 26·1 42·3 5546·8
4. Fortified biscuit 7 (no. 3) 160·8 95·2 70·6* 109·5* 43·6 54·3 36·3 55 18 96·1* 26 22·2 63·2 6102·8
5. Tempe 4 (no. 4) 158·6 97·1 60·9 109·5* 31·6 41·7 32·1 44·6 14·9 90·8* 47·5 18·1 43·5 5431
6. Tofu 3 (no. 5) 158·5 94·6 63·6 109·5* 31·5 48·1 27·9 44·3 13·7 88·4* 25·7 20·8 43·1 5575·3
7. No. 1 + no. 2 180·6 94·2 61·5 113·1* 42·7 83·1* 33·4 80·4* 230·6* 213·5* 151·8* 29·1 47·4 5546·8
8. No. 1 + no. 3 177·2 95·2 70·8* 113·1* 48·3 57·4 37·5 80·1* 235·5* 96·1* 26·6 25 68* 6102·8
9. No. 1 + no. 4 176 97·1 61 113·1* 36·7 44·9 34·2 70·8* 232·5* 90·8* 48·7 21·3 48·6 5431
10. No. 1 + no. 5 175·8 94·6 65·4* 113·1* 36·3 51·8 29·6 70·1* 231·2* 88·4* 26·6 23·7 48·2 5575·3
11. No. 2 + no. 3 169·7 96·3 70·9* 109·5* 49·9 92·2* 39·7 65·4* 18 221·2* 150·9* 30·3 63·2 6157·1
12. No. 2 + no. 4 168 98·3 61·3 109·5* 38 79·6* 35·9 55·8 14·9 216·1* 172·7* 26·2 43·5 5546·8
13. No. 2 + no. 5 167·8 95·6 63·9 109·5* 37·9 86* 31·7 55·2 13·7 213·5* 150·7* 28·9 43·1 5691·2
14. No. 3 + no. 4 164·6 99·1 70·6* 109·5* 43·6 54·3 40 55·5 19·7 98·5* 47·5 22·3 64·1 6102·8
15. No. 3 + no. 5 165 96·6 73·2* 109·5* 43·6 60·7 36·3 55·6 18·5 96·1* 26 25 63·7 6255·3
16. No. 4 + no. 5 163·9 100·9 63·6 109·5* 31·6 48·1 32·1 45·9 15·5 91·1* 47·5 21 44·6 5576·6
17. No. 1 + no. 2 + no. 3 186·6 96·3 71·1* 113·1* 54·7 95·8* 41·2 91·3* 235·5* 221·2* 151·8* 33·3 68* 6157·1
18. No. 1 + no. 2 + no. 4 185·5 98·3 61·5 113·1* 43·1 83·1* 38 82·1* 232·5* 216·1* 173·9* 29·6 48·6 5546·8
19. No. 1 + no. 2 + no. 5 185·2 95·6 65·8* 113·1* 42·7 90·1* 33·4 81·3* 231·2* 213·5* 151·8* 32 48·2 5691·2
20. No. 1 + no. 3 + no. 4 182 99·1 70·8* 113·1* 48·7 57·4 42 81·7* 237·4* 98·5* 48·7 25·4 69·2* 6102·8
21. No. 1 + no. 3 + no. 5 181·8 96·6 75·1* 113·1* 48·3 64·4 37·5 81* 236·1* 96·1* 26·6 27·8 68·8* 6255·3
22. No. 1 + (no. 4 + no. 5/legumes, nuts, seeds 7) 172·7 93·2 61 113·1* 36·3 44·9 29·6 69·9* 230·9* 88·4* 26·6 21·1 47·4 5431
23. No. 1 + no. 2 + no. 3 + no. 4† 191·5 100·4 71·1* 113·1* 55·2 95·8* 45·8 92·9* 237·4* 223·8* 173·9* 33·7 69·2* 6157·1
24. No. 1 + no. 2 + no. 3 + no. 5 191·2 97·7 75·4* 113·1* 54·7 102·7* 41·2 92·2* 236·1* 221·2* 151·8* 36·1 68·8* 6305·2
25. No. 1 + no. 2 + (no. 4 + no. 5/legumes, nuts, seeds 7) 172·7 93·2 61 113·1* 36·3 44·9 29·6 69·9* 230·9* 88·4* 26·6 21·1 47·4 5431
26. No. 1 + no. 2 + no. 3 + no. 4 + no. 5 188·1 96·3 71·1* 113·1* 54·7 95·8* 41·2 92* 235·7* 221·2* 151·8* 33·6 68* 6157·1

MSES
Optimised diets – with FP 230·8 109·5 116·4 100 64·7 170·1 97·3 500·6 43·8 352·1 151 100 103·7 105·645
Optimised diets – without FP 246·3 101·9 133 115·7 86 181·5 100 342 78·4 344 178·8 100 115·5 110·724

1. No recomendation 198·8 89·1 95·1* 34·3 40·2 72·8* 47 88·7* 22·9 120* 47·3 45 58·3 8681·4
2. Fortified biscuit 7 (no. 1) 206·4 90·4 104·5* 34·6 52·8 86·1* 57·5 101* 28·1 132·6* 49·4 50·6 78·9* 9137·4
3. Chicken liver 2 (no. 2) 201·6 89·1 95·1* 34·3 43·4 91·5* 47 92* 22·9 178·6* 113·2* 48·7 58·3 8681·4
4. Banana3 (no. 3) 198·8 89·1 95·4* 38·5 42·7 75·3* 47 99·4* 24·2 120* 47·3 45 58·4 8681·4
5. Mungbean 3 (no. 4) 209·5 91·9 100·6* 36·6 45·1 81·9* 59 99·7* 52·5 141·5* 57·1 49·9 61·4 9091·9
6. No. 1 + no. 2 209·1 90·4 104·5* 34·6 55·6 104·5* 57·5 104·3* 28·1 191·3* 115·5* 54·2 78·9* 9137·4
7. No. 1 + no. 3 206·4 90·4 105·1* 38·9 55·2 88·8* 57·5 112* 29·7 132·6* 49·8 50·6 79·1* 9147·6
8. No. 1 + no. 4 219·1 94·5 110·7* 37·4 58·1 97·4* 70·9* 114·1* 58·1 156·1* 60·1 56·2 82·4* 9580·5
9. No. 2 + no. 3 201·6 89·1 95·4* 38·5 45·8 94·1* 47 102·7* 24·2 178·6* 113·2* 48·7 58·4 8681·4
10. No. 2 + no. 4 211·3 91·9 100·6* 36·6 47·9 99·4* 59 102·8* 52·5 199·1* 123* 53·2 61·4 9093·8
11. No. 3 + no. 4 209·5 91·9 100·8* 40·8 47·5 84·3* 59 110·5* 53·8 141·5* 57·1 49·9 61·6 9094·7
12. No. 2 + no. 3 + no. 4 211·3 91·9 100·8* 40·8 50·3 101·6* 59 113·7* 53·8 199·1* 123* 53·2 61·6 9096·6
13. No. 1 + no. 2 + no. 3 + no. 4† 220·7 94·7 111·5* 41·7 63·6 117·3* 70·9* 127·1* 59·8 213·7* 126·2* 59·6 82·8* 9634·5

RE, retinol equivalent; IDR, Indonesian Rupiah; LSES, low socio-economic situation; FP, food pattern goal; MSES, middle socio-economic situation.
* Nutrients that in the worst-case scenario met at least 65% of RNI; therefore, their adequacy was ensured.
† Final selected complementary feeding recommendation.
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nutrients as possible achieved at least 65% of RNI. The best
alternative combination of CFR for LSES was alternative CFR no.
23, specifying mungbean, chicken liver, fortified biscuits and
tempe in which eight out of eleven nutrients had %RNI ≥65% in
their worst-case scenario with the cost of IDR 6157; three
nutrients that remained inadequate (worst-case scenario <65%
RNI) were thiamin, niacin and Fe. For the MSES, the best
alternative was alternative no. 13 specifying fortified biscuits,
chicken liver, banana and mungbean, which also met adequacy
for eight out of eleven nutrients with the cost of IDR 9634.
Vitamin C, thiamin, folate and Fe were still inadequate (worst-
case scenario <65%RNI) in this best alternative combinations of
MSES, despite the cost, which was 1·5 times higher than LSES.

Discussion

Our study explored the contribution of fortified foods in
meeting nutrient requirements of children under 2 years of age
from different socio-economic status backgrounds. The findings
showed a difference in dietary patterns between LSES and
MSES; however, nutrient adequacy and problem nutrients were
comparable, as fortified foods contributed to adequacy of
nutrients with complementary feeding in LSES groups. Exclu-
sion of fortified foods in LSES was associated with more pro-
blem nutrients in the complementary feeding diet.
Fe, Zn and Ca have been found to be typical problem

nutrients in complementary feeding in developing coun-
tries(6,15). However, with LP, we showed that it is possible to
meet adequacy of these nutrients. This applies even for Fe,
which is often the most inadequate nutrient in complementary
feeding(16). On the other hand, we found that LP can also help
identify other problem nutrient(s) besides Fe, Zn and Ca. In the
MSES group, we found that folate was a problem nutrient,
which was not found in our previous study in a peri-urban
lower-SES area in Indonesia(6) but is similar to the finding
among Cambodian 6–11-month-old infants(15).
The fact that Fe, Zn and Ca were not identified as problem

nutrients, even in the LSES group, was attributable to the con-
tribution of fortified foods in the complementary feeding diet of
this urban population. When fortified foods were excluded
from the diet of the LSES group, the nutrients that were com-
pensated were Fe, thiamin, Zn, niacin and Ca. These findings
suggest that for the LSES, given their existing food pattern,
fortified foods were important to meet the adequacy of Ca, Fe,

Zn and niacin. The older age of the children may have also
contributed to this, due to more varied foods and bigger portion
sizes. Using national dietary data of Indonesia, we have shown
previously that Fe, Zn, Ca and niacin, which were the problem
nutrients found in younger age groups, were no longer problem
nutrients among the 12–23 months age group(17). Fortified milk
and fortified biscuits were the most available fortified foods in
the study area. National data showed that fortified milk was
consumed by 30% (rural) and 40% (urban) of 6–59-month-old
children; whereas our study on infants showed that 20–44% of
infants consumed fortified biscuits(18). Both fortified milk and
biscuits are commonly fortified with Fe and this supports the
WHO recommendation to feed 6–23-month-old children Fe-rich
or Fe-fortified foods. This strategy has been proven effective,
where consumption of fortified milk and noodles among 6–59-
month-old children in Indonesia was associated with lowered
risk of anaemia(19).

Our results also suggest that, under the existing dietary
pattern for children, recommended intakes of the absolute
problem nutrients will not be achieved unless there is change in
the dietary pattern of the children to improve thiamin (in both
SES groups) and folate (in MSES group) intakes. In the MSES
group, promotion of fruit and vegetable intakes as source of
folate should be one of the messages, as well as other strategies,
including increasing level of thiamin in the fortified products,
given the limited portion sizes that can be consumed per day by
these 12–23-month-old children(20). The optimised CFR result-
ing from this LP analysis identified similar messages in general
for both SES groups, but also specific messages for each SES
pertaining to the problem nutrients in each group. For the LSES
Fe-rich foods (e.g. chicken liver) and for the MSES folate-rich
foods (e.g. mungbean) should be specifically highlighted in
the final message. The draft final CFR obtained from the LP
analysis should be pre-tested for its acceptability in the com-
munity, for instance, following Trials for Improved Practices
(TIPS) Guideline(21).

In this study, the LP model without fortified foods could not
be run for the MSES group, as goal model energy could not be
met. This suggests that fortified foods contributed significantly
to energy intake in children from the MSES group. A survey on
different socio-economic levels in this area showed that fortified
foods contributed 24 and 33% of daily energy in lower and
middle SES groups, respectively(22). An LP model could be
produced for both LSES and MSES groups when we ran the LP
model excluding only fortified milk, as the most commonly

Table 6. Draft complementary feeding recommendations for low socio-economic situation (LSES) and middle socio-economic situation (MSES) groups

LSES MSES

1. Breast-feed on demand 1. Breast-feed on demand
2. Feed child main meal 3 times/d: 2. Feed child main meal 3 times/d

∙ Plant protein daily, including tempe at least 4 times/week* ∙ Plant protein daily
∙ Animal protein 1–2 times/d, including chicken liver at least 3 times/week ∙ Animal protein 3 times/d, including chicken liver at least 2 times/week
∙ Vegetables daily ∙ Vegetables daily
∙ Fruits at least 5 times/week ∙ Fruits at least 5 times/week, including banana at least 3 times/week

3. Feed child snacks 2 times/d, including fortified biscuits 1 time/d and
snacks made of mungbean at least 3 times/week

3. Feed child snacks 2 times/d, including fortified biscuits 1 time/d and
snacks made of mungbean at least 3 times/week

* Fermented soyabean cake.
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available fortified foods in the study area (data not shown).
The result showed that, without fortified milk, niacin was a
problem nutrient in this MSES group, whereas in LSES niacin, Ca
and Fe became the problem nutrients. Zn was the only nutrient
in LSES that became a problem nutrient when other fortified
foods, besides fortified milk, were excluded. A previous study
showed that, in older breast-fed infants, Zn requirements are
unlikely to be met without the regular consumption of either
meat or Zn-fortified foods(23). In LSES, where meat, especially
red meat, consumption, is low, Zn-fortified foods have an
important role in contributing to Zn adequacy. In our study, the
selected alternative CFR, which included daily consumption of
fortified snacks, were associated with lower cost, that is, by 36%
in LSES and by 13% in MSES.
In summary, we showed using LP that, in this study popu-

lation, fortified foods contributed to meeting adequacy of
typical problem nutrients (Fe, niacin, Zn, Ca), as well as thiamin
in LSES group. Inclusion of fortified foods in CFR was associated
with fewer problem nutrients in the diets of LSES groups. Our
study demonstrated the usefulness of LP to formulate CFR and
to assess the role of fortified foods in two urban populations, of
different socio-economic status, in Indonesia. The implication
of this finding on infant and young child feeding policy is that,
for children from lower socio-economic urban families, for-
tification is important to fill the gap of problem nutrients in their
complementary feeding diet.
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