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Abstract

Objective: The present research aimed to analyse the nutrient density (ND),
nutrient adequacy score (NAS) and energy density (ED) of Indonesian foods and
to formulate a balanced diet using linear programming.

Design: Data on typical Indonesian diets were obtained from the Indonesian Socio-
Economic Survey 2008. ND was investigated for 122 Indonesian foods. NAS was
calculated for single nutrients such as Fe, Zn and vitamin A. Correlation analysis
was performed between ND and ED, as well as between monthly expenditure class
and food consumption pattern in Indonesia. Linear programming calculations were
performed using the software POM-QM for Windows version 3.

Setting: Republic of Indonesia, 2008.

Subjects: Public households (72 68 800).

Results: Vegetables had the highest ND of the food groups, followed by animal-
based foods, fruits and staple foods. Based on NAS, the top ten food items for each
food group were identified. Most of the staple foods had high ED and contributed
towards daily energy fulfillment, followed by animal-based foods, vegetables and
fruits. Commodities with high ND tended to have low ED. Linear programming
could be used to formulate a balanced diet. In contrast to staple foods, purchases of
fruit, vegetables and animal-based foods increased with the rise of monthly
expenditure.

Conclusions: People should select food items based on ND and NAS to alleviate
micronutrient deficiencies in Indonesia. Dietary formulation calculated using linear
programming to achieve RDA levels for micronutrients could be recommended for
different age groups of the Indonesian population.
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One of the largest nutritional problems in developing
countries is micronutrient deﬁciency(l). Severe micro-
nutrient malnutrition can lead to various diseases,
stunted growth and blindness, especially in children®.
Micronutrient deficiencies are usually not perceived by
poor and illiterate populations. Therefore such deficiency
status is called ‘hidden hunger’ because the effects cannot
be seen or felt at any one particular time. It means that
even though people eat food every day and do not feel
hungry, micronutrient deficiency could occur if the intake
of foods lacks the necessary micronutrients.
Indonesians suffer from micronutrient deficiency, espe-
cially of Fe, Zn and vitamin A’. A study in West Java
among 155 children revealed that the incidence of Fe and
vitamin A deficiency was 54% and 57 %, respectively”™.
The prevalence of Zn deficiency in pregnant women was
49%, while it was 27 % in lactating women®. The primary
causes of micronutrient deficiency are poor diet quality
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compounded by lack of sanitation, hygiene and disease
control. Unbalanced proportions of staple foods, vege-
tables, fruits and animal-based foods in a typical Indonesian
diet are believed to play an important role in the deficiency
condition. Among the staple foods, white rice has the
highest proportion in the diet (54 %). Indonesians consume
102 kg white rice/capita per annum and very low amounts
of vegetables, fruits and animal-based foods, which are
actually rich sources of micronutrients'”.

Micronutrient deficiency in Indonesia can be improved
by food-based approaches through dietary diversity®. This
can be achieved by formulating a balanced diet using locally
available and culturally acceptable Indonesian foods. The
nutrient adequacy score (NAS) and nutrient density (ND)
approaches can assist implementation of the dietary diver-
sity strategy through calculation of the nutritional contents
of foods'”. Meanwhile, linear programming (LP) can be
used as one technique to formulate a balanced diet.
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Even though the nutritional values of common Indone-
sian foods have been reported in the past, there have been
no attempts to select the foods with high micronutrient
density. Hence, the objectives of the present research were
to estimate the ND, NAS and energy density (ED) of
Indonesian foods and, based on the outcomes, to make
recommendations concerning the formulation of traditional
diets using LP with regard to Fe, Zn, vitamin A and fulfil-
ment of energy requirements. Further, the influence of
household budget on the food consumption pattern was
also investigated in the study.

Methods

Data from the 2008 Indonesian Socio-Economic Survey
of commonly consumed Indonesian foods (122 foods),
which contains information on 68800 public house-
holds and monthly expenditure class, were used. Food
composition data for each food were obtained from the
Indonesian Food Composition Table, which consists of
971 foods divided into twenty-four categories'”. The
database of commonly consumed foods was then divided
into four categories: staple foods (cereals and tubers), fruits,
vegetables (including legumes) and animal-based foods.

ND is defined as the ratio of the nutrient composition
of a food to the nutrient requirements of an individual.
ND is one of the tools useful to consumers for choosing
nutrient-dense foods in a healthy diet. Foods that contain
substantial amounts of key nutrients and have a rela-
tively low energy content are considered nutrient-dense
foods"?. The original formula of ND was developed as
naturally nutrient rich score based on 8368k]J (2000 kcal)
of foods and as NAS based on 100g of foods"*'?. In the
present study ND was calculated by dividing the NAS
by the ED of the food as expressed in the following
formula™?”’

ND = ({[Z(nutrient; / RDA;) x 100]/ 7}
/energy provided) x 100,

where RDA is based on the dietary reference intake. In
the present research seven micronutrients (Fe, Zn, Ca, P,
vitamin A, thiamin and vitamin C) were considered'®. The
RDA values for the seven nutrients are shown in Table 1.
The higher the ND score calculated using the above
formula, the more nutrient dense is the food. NAS was
calculated using the following formula by addressing
single nutrients (Fe, Zn and vitamin A) to investigate the
contribution (%) of each food in consideration of their
deficiencies in Indonesia:

NAS = (Fe | Zn|vitamin A) / RDA.

The results of NAS are provided only for ten foods in each
food group having higher values. The conversion factor
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Table 1 List of seven nutrients used for calculation of nutrient
density and nutrient adequacy score

Nutrient RDA
Fe (mg) 13
Zn (mg) 11
Vitamin A (ng RE) 800
Ca (mg) 800
P (mg) 600
Thiamin (mg) 1
Vitamin C (mg) 75

RDA, Indonesian recommended dietary allowance (Departemen Kesehatan(13));
RE, retinol equivalents.

1:12 was used for pro-vitamin A to retinol equivalents
(RE).

ED was calculated as the amount of available energy
per unit weight of food (kJ/100 g edible portion). Corre-
lation analysis was then carried out to explore the rela-
tionships between ND and ED.

Four food groups (staple foods, vegetables, side dishes
(animal-based foods), fruits) were used for LP calculation.
White rice, sweet potato and cassava were chosen for the
staples food group. Ten foods of each group with high
ND were chosen from vegetables, fruits and animal-based
food groups. The average amount of micronutrient with
regard to the proportion of each food consumed daily
in the dietary profile of food groups was used for the
nutrient profiling. LP was performed using an open-
source version of the computer program POM-QM for
Windows version 3 (Pearson Education/Prentice HalD).
The objective function of the LP was to minimize the
amount of food consumed in the diet and express it as a
linear function of individual food weights as described in
the formula:

Y=ay+ a1 X1 + X+ ...+ a, X,

where a, =0, while a;, a,, ..., a,, are constants and X,
X, ..., X, are the individual food weights. Furthermore,
nutritional constraints were established to guarantee that
the nutrition exceeds or at least equals the RDA. Con-
straints can be expressed by following formula:

where by, b,, ..., b, are the constant constraint values of
X and C is the constraint value determined. The nutri-
tional constraints used for this research were energy,
Fe, Zn and vitamin A requirements based on age group.
The consumption constraints were determined in order
to obtain a realistic diet. The nutritional and consumption
constraints used for LP are shown in Table 2. Sweet
potato and cassava, which had high ND for staple foods,
were included in the diet formulation. However, liver was
excluded from the calculation in order to avoid inflation
of the nutrient value of animal-based food groups.
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Table 2 Nutritional and consumption constraints of the linear programming for different age groups, Indonesia
Age group (years) Energy (kJ) Iron(mg) Zinc(mg) VitA(RE) Rice(g) Csv(g) Sp(g) Veg(g) SD(g) Fruits(g)
4-6 =6489-54 =9 =9-7 =450 =300 =50 =50 =200 =200 =200
7-9 =7536-24 =10 =11-2 =500 =300 =50 =50 =200 =200 =100
Male, 10-12 =8582-94 =13 =14-0 =600 =350 =50 =50 =200 =200 =100
Male, 13-15 =10048-32 =19 =174 =600 =400 =75 =75 =200 =250 =100
Male, 16-18 =10885-68 =15 =17-0 =600 =450 =75 =75 =200 =250 =100
Male, 19-29 =10676-34 =13 =121 =600 =450 =75 =75 =200 =250 =200
Male, 30-49 =0838-98 =13 =134 =600 =450 =75 =75 =200 =250 =200
Female, 10-12 =8582-94 =20 =126 =600 =350 =50 =50 =300 =200 =100
Female, 13-15 =0838-98 =26 =154 =600 =400 =75 =75 =200 =350 =100
Female, 16-18 =9210-96 =26 =14-0 =600 =450 =45 =75 =200 =250 =100
Female, 19-29 =10676-34 =13 =121 =600 =450 =75 =75 =200 =250 =200
Female, 30-49 =7536-24 =26 =9-8 =500 =300 =50 =50 =200 =200 =200
Vit A, vitamin A; Csv, cassava; Sp, sweet potato; Veg, vegetables; SD, side dishes (animal-based foods).
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Fig. 1 Nutrient density score (per 418-6 kd/100 kcal) of commonly consumed Indonesian foods in different food groups (¢, staple
foods, average = 5-42; ©, vegetables, average = 30-03; A, fruits, average = 15-29; [, animal-based foods, average = 17-34)

The relationship between monthly expenditure cate-
gories and purchased food groups was analysed to provide
a brief description of the influence of economic status on
the food consumption pattern in Indonesia.

Microsoft® Excel and SPSS version 12 were used for
calculation and statistical analysis. Ethical approval was
not required.

Results

Among the food groups, vegetables had on average the
highest ND, followed by animal-based foods, fruits
and staple foods (Fig. 1). Based on NAS calculation, the
top ten food items in each category with respect to
micronutrients are presented in Table 3. The results show
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that white rice, being a commonly consumed commodity
in Indonesia, is a poor source of micronutrients and
exhibited an NAS value of 7-7% of Fe, 4-9% of Zn and
0% of vitamin A.

The calculation of ED revealed that most but not all of
the staple foods are highly energy dense (between 1400
and 1600kJ/100 g; Fig. 2). In the vegetables group, legumes
had higher ED compared with other foods. For animal-
based foods there was variation in the ED levels. Fruits
had the lowest ED compared with the other food groups
(Fig. 2). Figure 3 reveals the relationship between ND and
ED of foods. Food commodities with high ND tended
to have low ED. Correlation analysis showed a negative
relationship between ND and ED in all four food categories.

Table 4 provides the results of LP calculation. The
inclusion of cassava and sweet potato in the diet could
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Table 3 Nutrient adequacy score for iron, zinc and vitamin A of the top ten food items in each food category, Indonesia

Fe

Staple foods % Vegetables % Fruits % Animal-based foods %

Fresh corn (yellow) 17-7 Spinach 30-8 Salacca 30-8 Liver 100-0
Corn rice 15-4 Tempeh 30-8 Spanish plum 23-1 Innards excl. liver 61-5
Corn flour 15-4 Tofu 30-8 Mango 15-4 Anchovies 30-8
Sago flour 15-4 Red kidney bean 28-5 Papaya 15-4 Canned fish 30-8
Dried cassava 15-4 Soybean 26-2 Avocado 77 Canned meat 30-8
Cassava flour 8-5 Swamp cabbage 231 Rambutan 77 Local chicken egg 25-4
Rice 77 Chinese cabbage 231 Lanzon 77 Shrimp 23-8
Gilutinous rice 77 Cayenne pepper 231 Durian 77 Cockle/snail 23-1
Rice flour 77 Peanuts with shell 19-2 ‘Ambon’ banana 77 Mackerel 23-1
Wheat flour 77 Cassava leaf 15-4 ‘Raja’ banana 77 Skipjack tuna 231

Zn

Staple foods Y% Vegetables % Fruits % Animal-based foods Y%

Dried cassava 56-7 Cassava leaf 40-6 Durian 55 Dried beef 59-1
Flour dried cassava 51-2 Swamp cabbage 195 Avocado 5-3 Canned meat 56-7
Cassava 50-4 Soyabean 91 Jack fruit 3-3 Shredded fried meat 50-4
Cassava flour 47-3 Beans 8-8 Spanish plum 1-9 Beef 43-3
Taro 42-5 Mushroom 6-3 Rose-apple 1-8 Trimming 35-4
Gilutinous rice 11-8 Spinach 4.2 ‘Ambon’ banana 1-6 Lamb meat 339
Wheat flour 9-5 Mustard greens 3-3 ‘Raja’ banana 1-6 Buffalo meat 33-1
Rice 5-0 Young jackfruit 3-3 Sapodilla 1-6 Pork 331
Fresh corn (yellow) 4-9 Mungbeans 3-3 Tomato 1-4 Cheese 33-1
Rice flour 4.7 Squash 31 Rambutan 1-3 Shrimp 315

Vitamin A

Staple foods % Vegetables % Fruits % Animal-based foods %

Sweet potatoes 98-4 Carrot 86-3 Salacca 31-2 Liver 1750

Fresh corn (yellow) 34-6 Cayenne pepper 66-1 Jack fruit 24-0 Innards excl. liver 87-5
Cassava 6-1 Spinach 58-6 Mango 121 Quail egg 43-8
Dried cassava 4-3 Chillies red 35-1 Rose-apple 10-3 Preserved milk 38-8
Flour dried cassava 32 Green chilli 21-2 Durian 9:4 Canned powder milk 38-8
Cassava flour 1-6 Swamp cabbage 8-3 Tomato 4.7 Skipjack tuna preserved 33-8
Corn flour 1-3 String bean 4-4 Sapodilla 37 Skipjack tuna 33-8
Corn rice 0-7 Young jackfruit 3-8 Watermelon 3-2 Fresh milk 31-3
Taro 0-5 Mustard greens 2:4 Papaya 29 Snake head 25-0
Glutinous rice 0-03 Petai beans 19 Spanish plum 21 Yellow tail 24-0

decrease the white rice intake in the diet. Formulations
of a balanced diet with regard to Fe, Zn, vitamin A
and energy fulfillment are presented based on different
sex/age groups.

Figure 4 shows the relationship between monthly
expenditure class of households and purchased food
categories. There were positive correlations between
monthly expenditure and purchased amounts of fruits,
vegetables and animal-based foods. On the other hand,
monthly food expenditure was negatively correlated with
the amount of staple foods purchased.

Discussion

According to Fig. 1, vegetables and fruits could be
potential sources of micronutrients as long as their intake
increases. Green leafy vegetables such as green cabbage,
spinach and cassava leaves had higher ND among the

https://doi.org/10.1017/51368980012001139 Published online by Cambridge University Press

vegetables group. Another vegetable with high ND was
green chilli. These green leafy vegetables are common in
the Indonesian diet; however the amounts consumed
are not sufficient to fulfill micronutrient requirements.
Among the fruits, tomato, apple and papaya were the
ones with high ND. However fruits are not consumed by
Indonesians on a daily basis, and therefore their con-
tribution to the RDA is limited. On the other hand, staple
foods had the lowest ND. An exception was found for
sweet potato, which had a high ND score (17-9). This is
because sweet potato is a rich source of pro-vitamin A
and its energy level is not as high as that of other staple
foods. This finding is consistent with previous reports
which stated that fruits and vegetables have higher ND
compared with staple foods such as grains and starchy
foods"*!>1® The concept of ND score could become
an important tool to help Indonesian people choose
nutrient-dense  foods to fulfill their micronutrient
requirements. Nevertheless, a standard reference for ND
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Fig. 2 Energy density score (kJ/100g) of commonly consumed Indonesian foods in different food groups (¢, staple foods,
average = 1151:71; O, vegetables, average = 452-:21; A, fruits, average = 283-99; [0, animal-based foods, average = 718-89)
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Fig. 3 Relationship between nutrient density score and energy density of commonly consumed Indonesian foods in different food
groups (¢, staple foods, correlation = —0-7397; O, vegetables, correlation = —-0-4536; A, fruits, correlation = -0-6132; 3, animal-

based foods, correlation =—-0-1272)

score classification is needed in order to have compre-
hensive information about the ND of foods. We can then,
for instance, make a comparison among foods regarding
those that have high, medium or low ND.

NAS is a traditional way of evaluating the nutritional
adequacy of diets based on comparison of nutrient intake
with the RDA. Although NAS is not as comprehensive as
ND, it is a valuable tool for diet recommendations,
especially to address a single nutrient requirement. For
example to increase Fe intake, foods such as corn and
cassava are recommended as substitutes for white rice as
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the major staple food in the Indonesian diet. For the
vegetables group, spinach, tempeh and tofu are pro-
posed. Fruits are not a rich source of Zn and therefore the
NAS values were relatively low. Animal-based foods can
contribute to fulfill 31-5 to 59-1% of the Zn requirement,
according to NAS results. However the cost of animal-
based foods is relatively high and hence not affordable
by economically weaker sections of the population.
Liver could also be the answer for both Fe and vitamin
A deficiencies, but there is a misconception that eating
animal organs including liver is unhealthy. Therefore,
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Table 4 Diet formulation using linear programming for different age groups, Indonesia

Age group (years) Rice (g) Csv (g) Sp (9) Veg (9) SD (g) Fruits (g)
4-6 296-25 0 50 54-07 200 200
7-9 300 50 50 497-62 100 200
Male, 10-12 350 181-51 50 200 100 200
Male, 13-15 400 75 75 200 135-73 368-11
Male, 16-18 450 75 75 200 100 382:94
Male, 19-29 450 75 75 200 200 340
Male, 30—49 437-16 75 75 200 200 250
Female, 10-12 315:32 239-68 50 300 100 200
Female, 13-15 395.92 75 75 200 117-04 350
Female, 16-18 39147 45 75 200 100 299-43
Female, 19-29 450 75 75 200 200 340
Female, 30-49 272-64 50 50 200 200 318-91

Csv, cassava; Sp, sweet potato; Veg, vegetables; SD, side dishes (animal-based foods).
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such misbelief should be dispelled and liver should be
included as a part of the daily diet. The challenges to
fulfill the RDA of Fe, Zn and vitamin A can be overcome
by including those high NAS foods in the regular diet
of Indonesians. However, addressing single nutrients
became the limitation of this concept because people
need several micronutrients, and some of the micro-
nutrients work synergistically”.

Information on the ED values of Indonesia’s commonly
consumed foods can be seen in Fig. 2. Most of the staple
foods have high ED and they contribute to daily energy
fulfillment, followed by animal-based foods, vegetables
and fruits. A similar result was reported on the ED of
different food groups(lé). Among vegetables, legumes
have higher ED which contributes more energy than rice
and other staple foods. In addition, legumes also possess
high amounts of micronutrients. Therefore several studies
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recommended legumes as a healthy food ingredient in
the daily diet"'®2V.

ND and ED were negatively correlated for all food
groups (Fig. 3). This result indicated that high-ED foods
tended to be nutrient poor. The more micronutrient-
dense foods are those which have high contents of
micronutrients and contribute low amounts of energy.
Therefore such foods should be prioritized to be included
in the daily diet to fulfill micronutrient requirements
without exceeding the energy supplied. The present
result is in line with previous findings on the relationship
between ND and ED of foods''? .

The LP was designed to minimize the quantity (grams) of
food consumed, which is more appropriate for Indonesia
because the prices of the food groups (except for animal-
based foods) are similar. A number of Indonesian people
are producing and consuming their own vegetables,
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chicken and fish. Therefore information on the minimum
amount of food to be consumed is more crucial as an
objective function than to minimize the price. The result
of formulation of a balanced diet using LP revealed that
cassava and sweet potato can be used as partial substitutes
for white rice in the diet. Cassava can contribute to the
Zn requirement while sweet potato can supply a high
amount of pro-vitamin A. Fe, Zn and vitamin A sources
such as spinach, swamp cabbage and cassava leaves should
be included in the diet because they can be eaten in large
quantities without an overload of energy. The modification
of side dishes can be formulated to get more variation of
the diet. Based on the proposed diet formulation, different
age groups can fulfill their micronutrient requirements
along with energy consideration (Table 4). LP is a simple
tool to calculate a balanced diet®”. The limitation of LP
calculation in the present study was due to the fact that the
data could not be presented as individual formulation
because there were a lot of simulations made, therefore the
average of the top ten foods having high ND and com-
monly consumed foods were used for nutrient profiling.

The relationship between monthly expenditure and
food consumption pattern is illustrated in Fig. 4. House-
holds with low monthly expenditure ($US 10) spent 58 %
of the expenditure towards the purchase of staple foods
(2-2kg/week), but with an increase of monthly expen-
diture there was a decrease in the purchase of staple
foods. The highest monthly expenditure class ($US 100)
spent only 27% on staple foods (1-3kg/week). As
opposed to the purchase of staple foods, the purchase of
fruits, vegetables and animal-based foods increased with
the rise in monthly expenditure. This finding is in line
with previous research which postulated that food budget
constraints preferentially orient food choices towards
energy-dense foods that are low in micronutrients'**>
As food prices rise, the items that drop out of the diet
are vegetables and fruits, followed by animal-based
foods®®?”. Therefore, low-income people tend to pur-
chase high-ED foods in the form of staple foods. How-
ever, it is still debatable whether the low cost of staple
foods is the main reason for such a pattern in Indonesia,
because unlike animal-based foods, the costs of vege-
tables and fruits were similar to those of staple foods®®.
The influence of cultural factors could also be one aspect
responsible for this condition.

The aggravated condition of Fe, Zn and vitamin A defi-
ciencies in Indonesia might also be due to the interaction
among micronutrients. Deficiency in one micronutrient
could lead to shortage of other micronutrients. For exam-
ple, Zn deficiency could lead to vitamin A deficiency
because Zn is involved in the synthesis of retinol-binding
protein, which transports retinol to the tissues and also
protects tissues from the potential toxicity of retinol. Zn
also plays a role in the synthesis of alcohol dehydrogenase,
a microsomal enzyme that could convert retinol into retinal
and help release retinyl palmitate, a storage form of retinol
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in the liver @ Deficiency of vitamin A could also have a
negative impact on Fe level in the body and vice versa.

Conclusions

ND, ED and NAS are important tools for consumers in
planning their daily diet in order to meet nutritional
requirements. If ND and NAS were included in nutrition
education (e.g. by demonstrating food patterns with a
high ND/NAS) they could help to alleviate micronutrient
deficiencies and as a consequence reduce related disea-
ses. Based on the relationship between ND and ED, people
can control their energy intake levels. Dietary formulation
calculated using LP to achieve RDA levels of micronutrients
could be recommended for different age groups of Indo-
nesians. Even though monthly expenditure level has an
influence on food consumption patterns, Indonesians
should prepare their daily diet based on the household
income with regard to ND, NAS and ED. They can select
alternative and economically feasible food items based on
their ability to purchase and fulfill micronutrient and energy
requirements. For future study, inclusion of food prices in
the LP model could be considered.
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