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Chapter 1 Introduction 

 

1.1 Malnutrition in the ASEAN Region 

 

The Association of Southeast Asian Nations or ASEAN was founded in August 8, 1967 

by the foreign ministers of Indonesia, Malaysia, Philippines, Singapore, and Thailand. 

Currently, it is composed of ten member countries with the inclusion of Brunei 

Darussalam in 1984, Vietnam in 1995, Lao PDR and Myanmar in 1997, and Cambodia 

in 1999 (ASEAN Secretariat, 2019).  

Although the members of the ASEAN are very diverse in terms of history and culture, 

economy, demography, geology, and biodiversity, they do face the same challenges 

when it comes to public health and nutrition.  The ASEAN region with a total land area 

of 4.5 million km2 (ASEAN Secretariat, 2019), is home to around 660 million people 

(World Population Review, 2019). Brunei Darussalam is the least populated member 

with 433,285 inhabitants, while Indonesia has the biggest population at 270,625,568. 

In the latest Global Hunger Index or GHI (von Grebmer et al., 2019), with the exception 

of Brunei Darussalam and Singapore with no GHI scores, the rest of the member states 

are suffering from hunger (Figure 1). The GHI score (Table 1) takes into the account 

the percentages of the undernourished in the population, wasting and stunting in 

children under five years old, as well as the under-five mortality rate of a country. 

Unfortunately, the GHI scores of Brunei Darussalam and Singapore were not 

calculated either because of unavailable data or because of their small population, the 

latter being the most probable reason.  Thailand, having the lowest GHI score of 9.7 is 

suffering from “low” hunger. Malaysia, Vietnam, and Myanmar are suffering from 

“moderate” hunger, while the Philippines, Indonesia, Cambodia, and Lao PDR with the 

highest GHI of 25.7, are suffering from “serious” hunger. Overall, the data indicate that 

the ASEAN region is ailing from moderate to serious incidence of malnutrition and child 

mortality.  

Malnutrition is the general term used for the lack of proper nutrition caused by either 

insufficient or excessive food consumption, low food quality, or the inability of the 

human body to properly utilize the food that was consumed, exacerbated by poor 

health care services, water supply, hygiene and sanitation. Being a dynamic region 
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undergoing rapid economic growth and development, the ASEAN populace is actually 

facing the triple burden of malnutrition, where overnutrition, undernutrition and 

micronutrient deficiencies co-exist. 

 

Figure 1. The map of the current Global Hunger Index according to severity in the 
Southeast Asian region (Source: von Grebmer et al., 2019). 

 

Overnutrition leads to the problem of overweight and obesity. “Overweight” and 

“obesity” are both defined by the World Health Organization (WHO) as an abnormal or 

excessive fat accumulation in the body that could be detrimental to the health of an 

individual (WHO, 2019c). They are both major risk factors for chronic and non-

communicable diseases which include diabetes, cardiovascular diseases and cancer, 

and their prevalence is an emerging problem in Southeast Asia (SEARO, 2019). In 

2016, an estimated 41 million children below five years of age were overweight or 

obese (weight-for-height greater than 2 and 3 standard deviations above the WHO 

Child Growth Standards median, respectively), and nearly half of this number lived in 

Asia (WHO, 2019c). As shown in Table 1, among the ASEAN countries, Brunei 

Darussalam has the highest prevalence of child obesity (17.8%) – children 5 to 9 years 

old with body mass index (BMI) greater than 2 standard deviations above the median, 
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while Malaysia has the highest prevalence of adult obesity (15.6%) – adults aged 18 

years or more with BMI of 30 or higher (WHO, 2016). Next to Singapore, Brunei 

Darussalam and Malaysia are the second and third richest ASEAN countries in terms 

of their gross domestic products based on purchasing power parity (International 

Monetary Fund, 2014). Obesity has been linked to the increase in the consumption of 

energy-dense foods coupled with the decrease in physical activity, which is the result 

of transitioning economies, and consequentially, of rapid urbanization and 

industrialization (WHO, 2019c).  

Undernutrition covers both protein energy malnutrition in the forms of wasting, 

stunting or underweight, as well as micronutrient deficiency. Wasting is an indication 

of acute undernutrition and is characterized by a low weight-for-height ratio, while 

stunting, an indication of chronic undernutrition, is characterized by a low height-for-

age ratio (Table 1). A person who is underweight has a low weight-for-age ratio, and 

may be suffering from wasting, stunting, or both. In order to evaluate countries, the 

WHO (1997) classifies the prevalence of wasting, stunting and undernutrition based 

on ranges, and is also included in Table 1.  

Lao PDR, as shown in Table 2, has the highest percentage of the undernourished in 

the population (16.5%), at the same time, having the highest percentage of stunted 

children under five years of age (43.85%, “very high” prevalence). Indonesia has the 

highest percentage of young children suffering from wasting at 13.5%, denoting “high” 

prevalence (FAO, 2019; UNICEF-WHO-The World Bank Group, 2018).  

Table 1. Definition of undernutrition indicators and their prevalence cut-off values. 

Indicator Definition 
Prevalence Cut-off Values 

Low Medium High Very High 

Wasting Weight-for-height 

Z-score < -2SD 

< 5% 5-9% 

 

10-14% ≥ 15% 

Stunting Height-for-age 

Z-score < -2SD 

< 20% 20-29% 30-39% ≥ 40% 

Underweight Weight-for- age 

Z-score < -2SD 

< 10% 10-19% 20-29% ≥ 30% 

Data source: WHO, 1997. Note: SD, standard deviations of the WHO Child Growth Standards median. 
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Table 2. Current health and nutrition indicators in the ASEAN region. 

Country 
GHI 

Score1 

Undernourished 

Population (%)2 

Children < 5 y.o. Obesity (%)4 

Wasting 

(%)3 

Stunting 

(%)3 

Child  

(5-9 

y.o.) 

Adult  

(>18 

y.o.) 

Brunei Darussalam  - 3.2 2.9 19.7 17.8 14.1 

Cambodia 22.8 16.4 9.6 32.4 4.5 3.9 

Indonesia 20.1 8.3 13.5 36.4 8.5 6.9 

Lao PDR 25.7 16.5 6.4 43.8 6.6 5.3 

Malaysia 13.1 2.5 11.5 20.7 15.7 15.6 

Myanmar 19.8 10.6 7.0 29.2 5.3 5.8 

Philippines 20.1 13.3 7.1 33.4 6.1 6.4 

Singapore - - 3.6 4.4 9.5 6.1 

Thailand 9.7 7.8 5.4 10.5 15.0 10.0 

Vietnam 15.3 9.3 6.4 24.6 4.5 2.1 

Data sources: 1von Grebmer et al., 2019; 2FAO, 2019; 3UNICEF-WHO-The World Bank Group, 2018; 4WHO, 2016. 
Note: GHI, Global Hunger Index; y.o., years old; - no data available; underlined data are the minimum and maximum 
values in each column.  

 

In the last 30 years, as more attention has been given to micronutrient deficiency, it 

has gradually moved out of the collective umbrella of “undernutrition”.  Micronutrient 

deficiency is dubbed as “hidden hunger”, a term coined by UNICEF and WHO 

(UNICEF, 1990 as cited by Maberly et al., 1994). Micronutrient deficiency is the lack of 

or the presence of inadequate amounts of essential vitamins and minerals in the body. 

A person who is suffering from overnutrition can also have micronutrient deficiencies 

depending on the diversity of their diet. This is an example of the double burden of 

malnutrition. At the household level, the double burden can be observed when the 

mother suffers from micronutrient deficiencies, and the breastfed baby has stunted 

growth. The important micronutrients mainly associated with hidden hunger are 

Vitamin A, Vitamin D, folic acid, iodine, iron, zinc, and selenium (Maberly et al., 1994; 

Biesalski, 2013). It is called “hidden hunger” because the clinical signs and symptoms 

are not as obvious as that of ordinary “hunger”. They are often missing, and people 

suffer the resulting health consequences. Table 3 shows the most current data 

available on iron, zinc, and Vitamin A deficiencies in the ASEAN region, as well as the 

Hidden Hunger Index (HHI) score of each member country. The HHI was developed 

by Muthayya et al. (2013), and it was calculated as the average of the prevalence of 

stunting, anemia caused by iron deficiency (IDA), and Vitamin A deficiency (VAD) in 
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preschool children. As recommended by the International Zinc Nutrition Consultative 

Group, Muthayya et al. (2013) used the data on the prevalence of stunting to represent 

zinc deficiency (ZnD). The HHI scores between 0 and 19.9 were considered mild, 20.0 

and 34.9 as moderate, 35.0 and 44.9 as severe, and 45 and 100 as alarmingly high 

prevalence of micronutrient deficiencies. Among the ASEAN countries, Lao PDR has 

the highest HHI score with 38.7, which corresponds to having a severe case of 

micronutrient deficiencies.  

One of the most common micronutrient deficiencies in the world is iron deficiency that 

most often leads to anemia. Anemia is a condition where the body has low red blood 

cell count or the cells’ ability to carry oxygen has been compromised, unable to meet 

the physiological needs of the body. In its severe form, anemia is linked to problems in 

cognitive and motor development in children, and causes fatigue, weakness, dizziness 

and drowsiness, causing low productivity in adults. Pregnant women and children 

below five years old have the highest risk for anemia. IDA in pregnant women has been 

associated with higher maternal mortality rate, and poor pregnancy outcomes which 

include premature birth, and low birth weight babies with iron deficiency status 

(Chaparro et al., 2014). The prevalence of anemia presented in Table 3 is the 

percentage of pregnant women and children under five years of age whose 

hemoglobin value is less than 110 g/L at sea level (The World Bank Group, 2019). 

Based on the data, in 2016, Cambodia has the highest prevalence of IDA in both 

vulnerable groups (55.8% of pregnant women and 54.4% of children under five years 

old), while Brunei Darussalam has the lowest prevalence at 27.1% and 16.1%, 

respectively.  

Another major micronutrient deficiency is VAD. Depending on the duration or severity, 

VAD can lead to xerophthalmia (which in turn can lead to blindness), anemia, and an 

increased susceptibility to infection and infectious diseases (Sommer & Davidson, 

2002). Table 3 shows the percentage of pregnant women and children below five years 

old in the ASEAN region with serum retinol concentrations of less than 0.70 μmol/L 

signifying Vitamin A deficiency. The data were from 2005, the most recent year 

available in the WHO’s global database on VAD. In the ASEAN region, Malaysia has 

the highest prevalence (22.2%) of Vitamin A deficiency in pregnant women, while Lao 

PDR has the highest prevalence (44.7%) in children below five years old (WHO, 2009).  
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Data on zinc deficiency is also shown in Table 3. The available data on inadequate 

zinc intake were based on national food balance sheets from 2005. Among the ASEAN 

members, Indonesia has the highest estimated prevalence of ZnD (31.2%), while 

Philippines has the lowest at 9.9% (Wessells & Brown, 2012). Zinc deficiency has been 

linked to incidence of poor pregnancy outcomes, problems in child growth and 

development, and child mortality from diarrhea and acute lower respiratory infections 

(Brown et al., 2009; Hess & King, 2009). 

Table 3. Current data on micronutrient deficiencies in the ASEAN region. 

Country 
HHI 

Score1 

Prevalence of  

Anemia (%)2 

Vitamin A  

Deficiency (%)3 
Zinc 

Deficiency 

(%)4 
Pregnant 

Women 

Children  

< 5 y.o. 

Pregnant 

Women 

Children  

< 5 y.o. 

Brunei Darussalam  - 27.1 16.1 - - 10.6 

Cambodia 31.0 55.8 54.4 16.5 22.3 16.4 

Indonesia 27.3 42.0 36.8 17.1 19.6 31.2 

Lao PDR 38.7 45.7 43.8 16.6 44.7 14.8 

Malaysia 11.7 37.1 30.8 22.2 3.5 11.3 

Myanmar 36.3 53.8 52.9 18.0 36.7 19.5 

Philippines 30.7 30.3 17.5 17.5 40.1 9.9 

Singapore - 31.8 16.9 - - 15.4 

Thailand 14.7 40.2 28.3 1.7 15.7 20.4 

Vietnam 24.0 37.3 33.9 17.7 12.0 10.7 

Data sources: 1Muthayya et al., 2013; 2The World Bank Group, 2019; 3WHO, 2009; 4Wessells & Brown, 2012. 
Note: HHI, Hidden Hunger Index; y.o., years old; - no data available; underlined data are the minimum and 
maximum values in each column.  

 

Because death is the final endpoint for many diseases and severe cases of 

malnutrition, mortality rates are also important statistics used to gauge the state of 

public health and nutrition in a country (London School of Hygiene and Tropical 

Medicine, 2009).  As shown in Table 4, Lao PDR has the highest death rate for both 

children under five years of age (63 deaths per 1,000 live births) and mothers (197 

deaths per 100,000 live births), while Singapore has the lowest rates at 3 deaths per 

1,000 live births and 10 deaths per 100,000 live births, respectively (UN-IGME, 2018; 

WHO, 2015). The children under-five and maternal mortality rates are widely used 

indicators by the WHO, UNICEF, and other international organizations. Their reduction 

was targeted in the Millennium Development Goals (MDGs) and is still a target in the 

Sustainable Development Goals (SDGs) (UN, 2015). 
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Table 4. Mortality rates in the ASEAN region. 

Country 
Children < 5 y.o.  

(deaths per 1000 LB)1 

Mothers  

(deaths per 100,000 LB)2 

Brunei Darussalam  11 23 

Cambodia 29 161 

Indonesia 25 126 

Lao PDR 63 197 

Malaysia 8 40 

Myanmar 49 178 

Philippines 28 114 

Singapore 3 10 

Thailand 10 20 

Vietnam 21 54 

Data sources: 1UN-IGME, 2018; 2WHO, 2015. Note: y.o., years old; LB, live births; underlined data are the 
minimum and maximum values in each column. 

 

MDG and SDG 

The MDGs (Table 5) were drafted in 2000, and the signatories – members of the United 

Nations, gave themselves 15 years to hit all the targets. In 2015, when the MDGs 

expired, the SDGs were adopted to deal with the unreached MDGs, at the same time, 

to tackle emerging challenges in global development. Coincidentally, the ASEAN 

Community was established in the same year with the motto “One vision, One identity, 

One Community”. The vision is of an “integrated, peaceful and stable community with 

shared prosperity” (ASEAN Secretariat, 2019). 

There are 17 SDGs (Table 5), with two of the goals directly addressing the problems 

of health and malnutrition. Goal 2 of the SDGs is to “end hunger, achieve food security 

and improved nutrition and promote sustainable agriculture”. It aims to achieve by 

2025, a significant reduction in stunting and wasting in children below five years old 

and address the nutritional needs of other vulnerable groups in the community, like 

those of pregnant and lactating women, and finally, end all forms of malnutrition by 

2030. Goal 3 is to “ensure healthy lives and promote well-being for all at all ages”. It 

targets the reduction of global maternal mortality ratio to less than 70 per 100,000 live 

births and end preventable deaths of newborns (at least as low as 12 per 1,000 live 

births) and children under five years old (at least as low as 25 per 1,000 live births) in 

all countries by 2030. 
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Table 5. The Millennium and Sustainable Development Goals. 

Goal No. 
Millennium1  Sustainable2             

Development Goals 
1 Eradicate extreme poverty and 

hunger 
End poverty in all its forms everywhere 

2 Achieve universal primary 
education 

End hunger, achieve food security and 
improved nutrition and promote sustainable 
agriculture 

3 Promote gender equality and 
empower women 

Ensure healthy lives and promote well-being 
for all at all ages 

4 Reduce child mortality Ensure inclusive and equitable quality 
education and promote lifelong learning 
opportunities for all 

5 Improve maternal health Achieve gender equality and empower all 
women and girls 

6 Combat HIV/AIDS, malaria and 
other diseases 

Ensure availability and sustainable 
management of water and sanitation for all 

7 Ensure environmental 
sustainability 

Ensure access to affordable, reliable, 
sustainable and modern energy for all 

8 Develop a global partnership for 
development 

Promote sustained, inclusive and 
sustainable economic growth, full and 
productive employment and decent work for 
all 

9  Build resilient infrastructure, promote 
inclusive and sustainable industrialization, 
and foster innovation 

10 Reduce income inequality within and among 
countries 

11 Make cities and human settlements 
inclusive, safe, resilient, and sustainable 

12 Ensure sustainable consumption and 
production patterns 

13 Take urgent action to combat climate 
change and its impacts by regulating 
emissions and promoting developments in 
renewable energy 

14 Conserve and sustainably use the oceans, 
seas and marine resources for sustainable 
development 

15 Protect, restore and promote sustainable 
use of terrestrial ecosystems, sustainably 
manage forests, combat desertification, and 
halt and reverse land degradation and halt 
biodiversity loss 

16 Promote peaceful and inclusive societies for 
sustainable development, provide access to 
justice for all and build effective, accountable 
and inclusive institutions at all levels 

17 Strengthen the means of implementation 
and revitalize the global partnership for 
sustainable development 

Sources: 1WHO, 2019b; 2UN, 2019 
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Within the ASEAN Community, the member countries realized that their individual 

health systems should be working together to have maximum impact in solving 

challenging public health issues in the region (ASEAN Secretariat, 2018). In line with 

the previous MDGs and the present SDGs, the ASEAN adopted the Post-2015 Health 

Development Agenda (APHDA). The agenda focuses on 20 health priorities under four 

health clusters (Table 6). From 2016 to 2020, each health cluster leads the 

identification and implementation of regional programs, projects and other endeavors 

in relation to the priorities under them. Of note, under Cluster 1, Priority 7 is the 

“promotion of good nutrition and healthy diet”, while under Cluster 3, Priority 14 is the 

unrealized health-related MDGs (4 - reduce children mortality, 5 - improve maternal 

health, and 6 - combat HIV/AIDS, malaria and other diseases). 

Table 6. The clusters and priorities under the ASEAN Post-2015 Health Development 
Agenda. 

Cluster Priority 
No. 

Health Priorities 

Cluster 1: Promoting Healthy 
Lifestyle 

1 Prevention and control of NCDs 
2 Reduction of tobacco consumption and harmful use of 

alcohol 
3 Prevention of injuries 
4 Promotion of occupational health 
5 Promotion of mental health 
6 Promotion of healthy and active ageing 
7 Promotion of good nutrition and healthy diet 

Cluster 2: Responding to All 
Hazards and Emerging Threats 

8 Prevention and control of communicable diseases, 
emerging infectious diseases and neglected tropical 
diseases 

9 Strengthening laboratory capacity 
10 Combating antimicrobial resistance 
11 Environmental health and health impact assessment 
12 Disaster health management 

Cluster 3: Strengthening Health 
Systems and Access to Care 

13 Traditional medicine 
14 Health related MDGs (4, 5, 6) 
15 Universal health coverage 
16 Migrants’ health 
17 Pharmaceutical development 
18 Human resource development 
19 Health financing 

Cluster 4: Ensuring Food 
Safety 

20 Food safety 

Source: ASEAN Secretariat, 2018 
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Guided by all the goals, targets, and priorities, each with their looming deadlines, in 

2017, the ASEAN leaders finally issued a declaration, a call to action, to end all forms 

of malnutrition in the region (ASEAN Heads of Member States/Governments, 2017). 

To eradicate malnutrition, the ASEAN leaders were eager to scale up nutrition-specific 

and nutrition-sensitive interventions aimed towards various vulnerable groups in the 

region. It is now 2020, however, and from the most recent data presented in Tables 2, 

3, and 4, it is evident that there is still a long way to go. 

 

1.2  Dietary Diversification as an Intervention 

 

There are two types of interventions that can be done to fight malnutrition. The 

interventions can either be nutrition-sensitive or nutrition-specific. Nutrition-sensitive 

interventions are those that address the underlying determinants of nutrition like 

poverty, food insecurity, and poor health, water and sanitation by tapping into allied 

sectors dealing with social services, agriculture, health, education and many more. On 

the other hand, nutrition-specific interventions address the immediate determinants of 

nutrition of specific vulnerable groups – young children, pregnant and lactating women, 

and others. Some examples of nutrition-specific interventions are the promotion of 

exclusive breastfeeding, treatment of severe cases of malnutrition, food fortification, 

micronutrient supplementation, and dietary diversification (Ruel & Alderman, 2013).  

Among the interventions, dietary diversification has been touted to be the most 

sustainable approach in preventing malnutrition starting from the household level 

(Sundaram, 2014; Bhandari & Banjara, 2015). 

“Dietary diversification” basically means that a person’s diet is modified to include 

sufficient quantity of good quality foods containing most, if not all, the essential 

nutrients needed by the body. As an approach, its objective is to ensure that nutritious 

food is available, accessible and can be utilized the whole year round (Gibson & Hotz, 

2001). Southeast Asia is rich in natural resources with hundreds of indigenous 

agricultural products. Considered as the food bowl of Asia (Ooraikul et al., 2008), the 

huge diversity of the region’s indigenous flora and fauna can be harnessed, may 

provide the macro- and micronutrients that people need, and be the answer to the 

malnutrition problem at large.  
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Figure 2. The typical meals in the ASEAN region. 
Photo by Brunei Tourism (Brunei Darussalam), Rathna Hor (Cambodia), Euniche Ramandey (Indonesia), 

Pasongsin Khamchansana (Lao PDR), Meng Foong Cheon (Malaysia), Aung Ko Win (Myanmar), April Joy Alis-
Talas (Philippines), Valerie Iquinia (Singapore), Kedpraveen Kate Hun (Thailand), and Trang Phan (Vietnam) 
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Figure 2 shows typical meals in the ASEAN region – nasi-katok  which is rice with fried 

chicken in Brunei Darussalam, chha kdov mun which is also rice with chicken in 

Cambodia, rice with cucumber, water spinach (kangkung), and sautéed tofu in 

Indonesia, sticky rice and fried egg in Lao PDR, rice with fried chicken and egg in  

Malaysia, fried rice with roselle leaves and egg omelet in Myanmar, rice with fried fish 

in the Philippines, nasi biryani chicken in Singapore, fried rice with pork in Thailand, 

and rice with black beans, fried fish, vegetables (steamed, soup) in Vietnam. It is 

normal to see some kind of meat (chicken, pork or beef) or fish, and vegetables on the 

plate, together with a good portion of rice or noodles. White rice is the staple food and 

is usually present in every meal.  It is a sad fact however that white rice, aside from 

being a high glycemic index (GI) food, is low in vitamins and minerals, essential amino 

and fatty acids, and phytochemicals, and has been paradoxically-linked to both 

undernutrition and micronutrient deficiencies on one end, and obesity coupled with 

diet-related non-communicable diseases (DR-NCDs) on the other end (Bhullar & 

Gruissem, 2013; Birla et al., 2017; Valarmathi et al., 2015).  A healthy diet, as defined 

by WHO (2019a) should provide good nutrition and protect against all forms of 

malnutrition, as well as DR-NCDs. With dietary diversification, the region’s traditional 

vegetables grown in home gardens or foraged from the fields and forests can be used 

instead of high value vegetables from the market, edible insects can be affordable 

substitutes to meat, and pigmented rice varieties can replace white rice.  

According to Siemonsma & Piluek (1993), about a thousand plant species can be 

consumed as food in Southeast Asia, and about half of them are traditional cultivars. 

In their review of the vegetable sector in Thailand, Nath et al. (1999) were able to 

identify 32 indigenous and underutilized vegetable crops which included vegetables 

from the Cucurbitaceae, Solanaceae, Leguminosae, and Zingiberaceae families, 

among others. Edible insects are also abundant in the ASEAN region (Figure 3). 

Thailand is home to around 194 species, while Indonesia, together with Lao PDR, 

Malaysia, Myanmar, Philippines and Vietnam have around 150 to 200 edible insect 

species in total (Sirimungkararat et al., 2010). Entomophagy used to be a part of the 

food culture in these countries but due to Western influences and other factors, the 

consumption of edible insects has dwindled from one generation to the next. Similarly, 

only about 15% of the rice consumed worldwide is in the form of pigmented rice (Deng 

et al., 2013). Pigmented rice (Figure 4) comes in various shades of red, purple or black, 

depending on the pigmentation in the rice kernels’ pericarp and bran layer (Saenjum 
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et al., 2012; Kitisin et al., 2015). The pigmented rice is milled, just like white rice, 

however, the milling process is only done to remove the husk or hull, leaving the bran 

layer, germ and endosperm intact (GRiSP, 2013). The USDA Foreign Agricultural 

Service Office of Global Analysis (2019) estimated that four ASEAN members belong 

to the top 10 highest rice producers of the world, with Indonesia ranking 3rd, followed 

by Vietnam (5th), Thailand (6th), and lastly, the Philippines (8th), and although different  

pigmented rice varieties are available in the region, their utilization and consumption 

are still wanting.  

 

Figure 3. Edible insects sold in Thailand. 

There are several known factors that hinder dietary diversification. One of these factors 

is the lack of knowledge in the part of the consumers due to insufficient promotion and 

marketing of available resources. Although the foods like edible insects were 

traditionally eaten in the past, most people are now unfamiliar with them, and are 

unaware of their benefits, health- and nutrition-wise. In some instances where people 

are actually familiar with them, their socio-economic status dictates if they can access 

and afford the resources.  And, if the resources are available and affordable, the 

cultural beliefs of the people often lead to food preferences, aversions, and/or taboos 

(Gibson & Hotz, 2001) that does not permit them to utilize the resources. Food taboos 

imposed on pregnant and postpartum women, as well as on breastfeeding mothers 

have been linked to babies with low birth weight, children with micronutrient 

deficiencies, and subsequently, to an increased risk of maternal and child mortality 

(Siega-Riz et al., 2009). 
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Figure 4. Pigmented rice in various colors. 

At the regional level, the exploration of traditional vegetables – collection, 

characterization and promotion is being handled by the World Vegetable Center 

(AVRDC) East and Southeast Asia with one of their flagship programs, “healthy diets”, 

with the goal to “increase consumption of a diversity of vegetables among consumers, 

especially women and children, to improve nutrition and health” (AVRDC, 2019). On 

the other hand, the exploration of traditional pigmented rice varieties by the ASEAN 

members is being done by agencies in their respective countries i.e. the Philippine 

Rice Research Institute (PhilRice), the Rice Department of Thailand, and the various 

agriculture ministries. The International Rice Research Institute (IRRI) is also 

headquartered in the Philippines and was able to implement the Heirloom Rice Project 

under the Food Staples Sufficiency Program (FSSP) of the country’s Department of 

Agriculture, focusing on the varietal characterization of traditional rice varieties grown 

in the Cordillera Autonomous Region in Luzon and some regions in Mindanao, 

conserving biodiversity, optimizing agricultural production, and opening new markets 

for the rice products. However, currently, the agencies are more interested in rice 

varieties for climate change adaptation.  As for the edible insects, sadly, there are no 

government agencies that directly handle their promotion and marketing. However, in 

2008, the FAO Regional Office for Asia and the Pacific hosted a workshop in Thailand 

on Asia-Pacific forest resources and their potential for development as food. The 

workshop was able to bring together researchers on edible insects from Indonesia, Lao 
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PDR, Philippines, and Thailand and a few others not from the ASEAN. The bamboo 

borer caterpillars, house crickets, sago grubs, grasshoppers, dung beetles, cicadas, 

giant water bugs, silkworms, vespa wasps, weaver ants, and bee brood were identified 

by the participants as the most important edible insects in the Asia-Pacific region. The 

participants were also able to enumerate some bottlenecks to future development, and 

as with the traditional vegetables and the indigenous pigmented rice varieties, a major 

challenge for the researchers and other stakeholders in the field is really how to change 

people’s perceptions to gain mainstream acceptance for these underutilized products. 

Nutrient profiling, as defined by WHO (2011), is “the science of classifying or ranking 

foods according to their nutritional compositions” for health promotion and disease 

prevention. Some of its applications is in marketing children’s foods, product labelling, 

declaration of health and nutrition claims, and of course, in information dissemination 

and education. Based on their nutritional composition, foods can be described in terms 

of levels such as “low in”, “high in” and “source of” a particular nutrient, or in terms of 

the effect of the food to one’s health, for example, “less healthy”, and “good for you”. 

Nutrient profiling is an important tool as it can help consumers in better understanding 

the nutrient composition of the foods by translating numbers and percentages into 

information that they can readily comprehend, and they can use this knowledge in 

making wholesome food choices (Wills et al., 2009; Grunert, 1997). It has been shown 

that health information can increase positive feelings towards a product, influence its 

acceptability, and enhance its purchasability (Roosen et al., 2007; Kozup et al., 2003; 

Roe et al., 1999). The problem, however, is that there is a scarcity of food composition 

data for traditional food resources that are not commercially cultivated, reared or 

farmed, and/or are underutilized albeit being locally available and nutritionally rich. 

Without these data, nutritional profiles of these underrated foods cannot be framed, 

and their nutritional values in the face of dietary references e.g. Recommended Safe 

Intake (RSI), Reference Nutrient Intake (RFI) and Adequate Intake (AI), cannot be 

calculated. 

Currently, there is an online database that holds nutrient composition data of wild and 

underutilized foods to promote their conservation and sustainable use. Developed by 

the FAO in collaboration with the International Network of Food Data Systems 

(INFOODS), the FAO/INFOODS Food Composition Database for Biodiversity 

(BioFoodComp) had its first version in 2010 with about 2,401 foods, while the latest 



16 
 

version 4.0 contains 11,407 food items in 12 food groups, 487 of which are of ASEAN 

origin (Table 7). From the 487, the most number of food items came from the food 

group Cereals, which contained 182 IR (International Rice) varieties – milled, raw, 

white or brown rice or just their bran, and five pigmented rice varieties (Azucena, 

Carreon, Makapilay-Pusa, Pirurutong, and Tapol) from the Philippines, five items from 

Thailand, and four from Malaysia. There were, however, no ASEAN contributions to 

the Nuts and Seeds, Vegetables, Eggs, Milk, Herbs and Spices, and Miscellaneous 

food groups (FAO, 2017).   

Table 7. ASEAN’s contribution in the FAO/INFOODS Food Composition Database for 
Biodiversity version 4.0. 

Country / Region 

Food Groups 

Cereals 

Starchy 

Roots and 

Tubers 

Legumes Fruits Meat 
Fish and 

Shellfish 

Brunei Darussalam  - - - - - - 

Cambodia - - - - - 31 

Indonesia - - 10 3 4 - 

Lao PDR - - - - 1 7 

Malaysia 4 - - - 2 27 

Myanmar - - - - - 1 

Philippines 187 - 2 - - - 

Singapore - - - 4 - - 

Thailand 5 5 21 69 20 66 

Vietnam - - - 1 4 - 

Southeast Asia - - - 13 - - 

Total 196 5 33 90 31 132 

Data source: FAO (2017); Note: “-“ means no contribution 
 

All entries in the BioFoodComp database are analytical data from primary sources like 

scientific journals, reports or dissertations, and those coming from the INFOODS 

network. Researchers are encouraged to directly contribute to the database as data 

compilers, and it is hoped that more data, especially on micronutrients will be 

generated and published so they can also be added into the database (FAO, 2017).  
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1.3 Aims of the Dissertation 

 

This research work was conducted to turn the spotlight towards the ASEAN region, its 

triple burden of malnutrition, and to dietary diversification as a sustainable way to 

lighten the load. It tackles one of the stumbling blocks to the acceptance of dietary 

diversification – food taboos, and one of the stepping stones towards its successful 

implementation – nutrient profiling of underutilized, indigenous foods in the region.   

In order to find out the various food taboos being adhered to in the ASEAN region, a 

systematic literature review was conducted. Focusing on pregnant, post-partum, and 

lactating women, plant- (Chapter 2) and animal-based (Chapter 3) food taboos were 

collated, and similarities and differences among the ASEAN members were 

documented.  

However, to truly promote dietary diversification in the region, underutilized, indigenous 

food products must be explored, and interests must be created or revived among the 

vulnerable groups, health- and nutrition-wise, in the society. Then, routes must be 

forged from the sources to the plates in the household while circumventing, if not, 

totally changing people’s perspectives on food taboos. In this regard, edible insects 

and pigmented rice varieties were chosen in this study, and their nutrient profiles were 

generated to enhance their acceptability into a diversified diet. For edible insects - the 

Bombay locust (Patanga succincta), scarab beetle (Holotrichia sp.), house cricket 

(Acheta domesticus), and mulberry silkworm (Bombyx mori) from Thailand are 

featured in Chapter 4, and the sago grub (Rhynchophorus bilineatus) from Indonesia 

is in Chapter 5. For the pigmented rice varieties, the Camoros (red), Tinta (purple) and 

Malinao black rice from the Philippines are presented in Chapter 6, while a review of 

the nutritional properties of pigmented rice varieties in Thailand is presented in 

Chapter 7.  

Overall, this research work aimed to contribute data and information towards (1) the 

promotion of dietary diversification, (2) the expansion of the BioFoodComp database 

for the conservation of biodiversity and sustainable use of indigenous food resources, 

and (3) the operations of various stakeholders who are working to reach the SDGs on 

health and the eradication of malnutrition in the ASEAN region.  
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Chapter 2  

Plant-based Food Taboos in Pregnancy and the 
Postpartum Period in Southeast Asia – A Systematic 
Review of Literature 
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in pregnancy and the postpartum period in Southeast Asia – A systematic review of 

literature. Nutrition & Food Science, 48(6), 949–961. https://doi.org/10.1108/NFS-02-
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Chapter 3  

Animal-based Food Taboos during Pregnancy and the 
Postpartum Period of Southeast Asian Women – A Review 
of Literature 
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Chapter 4  

Protein, Amino Acid and Mineral Composition of Some 
Edible Insects from Thailand 
 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

This chapter was published and can be cited as: 

Köhler, R., Kariuki, L., Lambert, C., & Biesalski, H. K. (2019). Protein, amino acid and 

mineral composition of some edible insects from Thailand. Journal of Asia-Pacific 

Entomology, 22(1), 372–378. https://doi.org/10.1016/j.aspen.2019.02.002. 

 

 

 

 



40 
 



41 
 



42 
 



43 
 



44 
 



45 
 



46 
 

 

 

 

 



47 
 

 

 

Figure 5. The graphical abstract accompanying the article published in the Journal of 
Asia-Pacific Entomology.  

 

 

 

 

 

 

 

 

 

 

 

 

 



48 
 

Chapter 5  

Nutrient Composition of the Indonesian Sago Grub 
(Rhynchophorus bilineatus) 
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Chapter 6  

Rethinking the Staple: Exploring the Nutrient Content and 
Morphological Characteristics of Three Heirloom 
Pigmented Rice Varieties from the Philippines 
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Chapter 7  

Thailand’s Pigmented Rice Varieties against the Triple 
Burden of Malnutrition 
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Chapter 8 Concluding Discussion 

 

This dissertation posits that food taboos adhered to by pregnant, post-partum, and 

lactating Southeast Asian women can hinder dietary diversification in the most 

vulnerable and crucial moment of the first 1,000 days of life. In the first 1,000 days of 

life (from conception up to two years of age), the focus of most health interventions is 

naturally on the baby, however, pregnant women and new mothers in the post-partum 

period, and those breastfeeding should also be given proper attention. The health and 

well-being of these women can greatly influence the health and well-being of their 

babies, and hence, the growth and development of a whole new generation. 

Motherhood demands higher energy and micronutrient requirements than normal as 

the body also provides for the energy and micronutrient requirements of a growing 

fetus before birth, and for a growing baby after birth through the production of 

breastmilk.  

In Chapter 2, the plant-based food taboos (Köhler et al., 2018) are presented, and 

Chapter 3 is on animal-based food taboos (Köhler et al., 2019b). These review papers 

were the first to showcase researches on food taboos covering the region. They 

highlight the need for culture-sensitive health interventions to address maternal and 

child health problems that could lead to the attainment of the sustainable development 

goals of reducing the maternal and under-five mortality ratios and empowering women 

in Southeast Asia, as well as the priority health goals of the ASEAN. 

The systematic method of reviewing literature and the PRISMA (Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses) checklist was used in keeping track 

of the collected data. Overall, 281 articles were downloaded from the search engines 

Google Scholar, PubMed and Scopus, and using the screening parameters, the 

number was narrowed down to 28. The papers were then segregated whether they 

contained information on plant- or animal-based food taboos to prepare two 

manuscripts for publication.  This step was done because putting all the data in one 

paper was not possible, as most journals have limits to the number of pages, tables 

and references that can be included in an article. 

Plant-based food taboos included various types of cereals, legumes, vegetables, and 

fruits (fresh and processed e.g. cooked, fermented). There were more papers that 
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mentioned postpartum (16) food taboos compared to those that included food taboos 

during pregnancy (14), and while  breastfeeding (6). On the other hand, animal-based 

food taboos included meat from terrestrial and aquatic animals, and eggs and other 

derived products (e.g. fish paste and sauce). Similarly, there were more papers (16) 

on postpartum animal-based food taboos compared to those on pregnancy (9) and 

while breastfeeding (6). 

Lack of knowledge and information may be blamed, but fear of the unknown is the 

underlying reason why food taboos still exist today. While pregnant, even educated 

women may still fear that specific foods can harm the baby and/or themselves and can 

negatively affect the delivery. They will accept beliefs and follow traditional practices 

handed down from one generation to the next, from someone who has personal 

experience and indigenous knowledge, someone who they trust, like their mothers and 

grandmothers. After giving birth, the women may fear that specific foods can make 

them ill. This post-partum sickness is called pit duen in Lao PDR, phit kham in Thailand, 

and binat in the Philippines. The symptoms include fever, dizziness, fainting, 

headache, body ache, numbness, tingling, and weakness, bleeding, and at worst, 

death. Also, women have to adhere to the food taboos because they are part of 

culturally-prescribed confinement practices. These confinement practices, often 

administered on the women by their elders (mother, aunt or grandmother), constitute 

being restricted at home to rest, with food and activity limitations. In the ASEAN region, 

women of various descents (Malay, Chinese, Indian, etc.) as well as those of various 

faiths (Islamic, etc.) follow different confinement periods. When breastfeeding, women 

also follow food taboos to avoid causing harm to themselves and the baby, as well as 

having to deal with bad sensorial quality and low milk production.  

Despite many of them being unfounded, and with various negative health outcomes 

linked to food taboos, the review revealed that there are also some positive points to 

it. The case of medicinal plants that are abortifacient; of fermented fish paste that 

contains thiaminase that can cause thiamine deficiency and beriberi, and of dog meat, 

which is associated with rabies, are three good examples. It was also uncovered during 

the review that while there are food taboos while breastfeeding, women were also 

encouraged to eat certain foods – indigenous plants that are considered as 

galactagogues that can increase the milk production. More researches should be 

conducted in this area, as galactagogues could be beneficial in alleviating the doubts 
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and fears in breastfeeding mothers, and maybe prolong the breastfeeding period at 

least up to the age of two.  

It is also recommended that more studies be conducted on food taboos and diet 

diversity in the ASEAN region, since there were no available data on food taboos that 

are being practiced during pregnancy in Brunei Darussalam, Myanmar, Singapore, and 

Vietnam; during the post-partum period in Brunei Darussalam, Cambodia, Philippines, 

and Singapore, and while breastfeeding in Brunei Darussalam, Malaysia, Philippines, 

and Thailand. The information generated from such studies can be used in nutrition 

education campaigns in the promotion of dietary diversification and in providing proper 

nutritional support (using the right food supplements and alternative sources of 

nutrients) to minimize the impact of the food taboos on women and babies. 

The underutilized indigenous resources in the ASEAN region have the potential to be 

valuable components of a diversified diet. To prove this statement and to further 

promote dietary diversification, the dissertation tackles the nutrient profiling of several 

edible insects and pigmented rice varieties. Chapter 4 focuses on the Bombay locust 

(Patanga succincta), scarab beetle (Holotrichia sp.), house cricket (Acheta 

domesticus), and mulberry silkworm (Bombyx mori) from Thailand (Köhler et al., 

2019a), and Chapter 5 focuses on the sago grub (Rhynchophorus bilineatus) from 

Indonesia (Köhler et al., 2020). On the other hand, Chapter 6 focuses on Camoros 

(red), Tinta (purple) and Malinao black rice from the Philippines, and Chapter 7 gives 

a literature review of the pigmented rice varieties in Thailand.  

In the ASEAN region, edible insects are not considered as food taboo by pregnant 

women, as well as those in their post-partum period and breastfeeding. Unfortunately, 

rice (crust from black or brown boiled rice, fermented rice, glutinous rice cake, porridge, 

and sticky rice) is taboo for pregnant women in Cambodia, Indonesia, Lao PDR, and 

Malaysia, and sticky rice is taboo for women in the post-partum period in Myanmar and 

Thailand. 

The nutrient profiles of the edible insects from Thailand consisted of their protein, 

amino acid, and mineral contents, while the nutrient profile of the sago grub from 

Indonesia included its protein and amino acids (AA), fat and fatty acids, vitamin E, and 

mineral content. On the other hand, the nutrient profiles of pigmented rice varieties 

from the Philippines included their protein, amylose, crude fiber, ash, amino acids, 

vitamins (carotenoids, riboflavin, thiamine, and vitamin E), minerals, and functional 



101 
 

components (ferulic acid and γ-oryzanol). The rice varieties’ morphological 

characteristics (color, 1000-grain weight, grain length, width, and thickness) were also 

documented.  

All the samples were prepared (freeze-drying, grinding) and stored (frozen at -80°C) 

at the Institute of Nutritional Science, University of Hohenheim, Stuttgart, Germany, 

prior to the analyses. The protein, crude fiber, ash, amino and fatty acids, as well as 

the mineral contents were analyzed at the Core Facility (with DIN EN ISO/IEC 

17025:2005 accreditation) of the University of Hohenheim, while the amylose, fat, 

vitamins (carotenoids, riboflavin, thiamine, and vitamin E), ferulic acid, and γ-oryzanol 

contents were analyzed at laboratories of the Institute of Nutritional Science. The 

protein content was determined using the Kjeldahl method, while the amino acids were 

measured using ion exchange chromatography. The amylose content was determined 

using a commercial test kit. The crude fat was extracted using n-hexane, and the crude 

fiber and ash were determined by ashing at different temperatures using a muffle 

furnace. The fatty acids were determined using gas chromatography (GC) with flame 

ionization detection (FID). The carotenoids, riboflavin, thiamine, vitamin E, ferulic acid 

and γ-oryzanol contents were determined using high-performance liquid 

chromatography (HPLC), while the minerals were determined using spectrometry – 

inductively coupled plasma - optical emission spectrometry (ICP-OES), inductively 

coupled plasma - mass spectrometry (ICP-MS), and atomic absorption spectrometry 

(AAS). 

The results showed that the five edible insects can be labelled as “high in” protein. 

They all contain the complete set of essential amino acids, however, only the silkworm 

pupa and the sago grub met the FAO/WHO requirements of having 40% essential 

amino acids, and a 0.60 ratio between essential to non-essential AA. All the edible 

insects contained more savory than sweet amino acids, except for the locust. The 

limiting AA were tryptophan for the locust and cricket, lysine for the beetle, leucine for 

the silkworm pupa, and methionine + cysteine for the sago grub. The protein recovery 

were equal to 86% or more. Based on the Codex Alimentarius on food labelling, only 

the cricket bought from the supermarket can be labelled as a “source of” calcium, while 

all the edible insects except for the sago grub can be a “source of” iron, with beetle and 

cricket from the supermarket even containing “high” amounts. Except for the locust, all 

can be a “source of” magnesium, and the cricket from the supermarket and the 
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silkworm pupa can even be labelled as “high in” magnesium. These edible insects (for 

every 100g) can cover more than 88% of the RNI of the mineral for children (1-3 years 

old), and more than 24% of the RNI for adult females (19-50 years old). The sago grub 

is a “source of” zinc, while the rest are “high in” zinc. This means that all the edible 

insects can cover more than 34% and 30% of the RNIs for children and adult females, 

respectively. The heavy metal content of the edible insects was all well below the 

maximum values, and are therefore, deemed safe for consumption as either feed 

material or as a complete feed. Unfortunately, the standards on heavy metals in edible 

insects for human consumption is not yet available.  

In the sago grub oil, the major saturated fatty acid (FA) was palmitic acid, while oleic 

and linoleic acids were the major mono- and polyunsaturated FAs, respectively. It 

contained more unsaturated than saturated FA. A gram of the oil has 51 μg of vitamin 

E, 92% of which is tocopherols. The α-tocopherol was the predominant compound. 

The α-TE in 100 g sago grub can provide 16% and 10% of the AIs for children and 

adult females, respectively.  

Aside from edible insects, the dissertation also showcases pigmented rice varieties 

from the ASEAN region. The nutrient profiling of three pigmented rice varieties from 

the Philippines showed that they can be considered as a “source of” protein based on 

Codex Alimentarius on food labelling. Camoros and Malinao black rice have “low”, 

while Tinta has “very low” amylose content. The crude fiber content was less than 0.90 

g/100g, while the ash content was highest in Malinao black (1.19 g/100 g) and lowest 

in Tinta rice (0.73 g/100 g). The total amino acids in the pigmented rice varieties ranged 

from 6.96 (Tinta) to 8.76 g/100 g (Malinao black). Lysine was the limiting amino acid. 

The Malinao black rice contained the highest amount of carotenoids. It had the highest 

amount of lutein, β-carotene, and 9-cis-carotene, while zeaxanthin, α-carotene, and β-

cryptoxanthin were highest in Camoros. The Camoros rice has the highest RAE, and 

can cover 177% and 142% of the respective RSIs for children and adult females. 

Camoros and Tinta rice can be considered as “source of” riboflavin, while Malinao 

black rice is “high in” riboflavin. The Malinao black rice can cover 120% and 54% of 

riboflavin RNIs for children, and female adults, respectively. All the pigmented rice 

samples are “high in” thiamine, and Camoros rice can cover 414% and 188% of the 

thiamine RNIs. The total vitamin E content is highest in Camoros and Malinao black 

rice, with more tocotrienols than tocopherols, and with γ-tocotrienol as the major 
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congener. Based on the calculated α-TE, Camoros rice can cover 16%, the highest 

among the rice samples, of the AI for children and 11% for female adults.  

Camoros and Malinao black rice are “high in” magnesium, while Tinta is a “source of” 

magnesium and zinc. Based on the RNIs for children and adult females, respectively, 

Camoros rice can provide the highest amount of selenium (38% and 25% RNI); 

Malinao black rice can provide the highest amount of iron (8% and 2% RNI) and 

magnesium  (175% and 48% RNI); and Tinta rice can provide the highest amount of 

calcium (albeit, only 2% and 1% RNI) and zinc (29% and 25% RNI). Malinao black rice 

has the highest phosphorus content (2808 mg/kg), unfortunately, in rice, phosphorus 

is stored as phytic acid, an antinutrient. Malinao black rice also has the highest ferulic 

acid (0.42 ng/mg) and γ-oryzanol (350 ng/mg) content among the rice samples. 

Aside from the pigmented rice from the Philippines, pigmented rice varieties from 

Thailand were also explored thru a literature review. Information on 33 pigmented Thai 

rice varieties were pooled together, and the review included data on the glycemic 

index, proximate composition, and micronutrient contents, to highlight these rice 

varieties’ potential as safe and inexpensive sources of nutrients and as viable staple 

food substitute for white rice.  

Homlanna (purple) and Sangyod Phatthalung (red) have “medium” glycemic indices, 

while KumDoiSaket (purple/black) can be considered as “high in” protein. Kam Hom 

Morchor (purple) and THA24 (black) can be “sources of” iron and can cover more than 

33% and 7% of the RNIs for children and adult females, respectively. Sangyod 

Phatthalung, Bieisu (purple), Kam Doi Saket and Kam Hom Morchor have zinc 

contents greater than 2.25 mg/100 g and can be considered as “source of” zinc, while 

Luem Pua (purple/black) is “high in” zinc, and can cover 65% and 56% of the RNI for 

children and adult females, respectively. Sangyod Phatthalung can cover 10% and 5% 

of the calcium RNI for children and adult females, respectively. The rice variety is also 

“high in” magnesium and can cover 164% and 45% of the RNIs. 

From the available information on vitamin content, Khao Hom Nil (black) has an RAE 

of 7 μg per 100 g and can cover only 1.75% and 1.40% of the RSIs for children and 

female adults, respectively. On the other hand, the average values between THA19 

(red) and THA24 can cover 74% of the recommended thiamine intake for children, and 

34% for adult females, 15% and 7% of the RNI for riboflavin, and 45% and 19% of the 
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RNI for niacin. Luem Pua has an  α-TE of  1.01 mg/100 g and can cover 20% and 13% 

of the AI for children and female adults, respectively.  

Overall, data showed that the pigmented rice varieties from the Philippines and the 

pigmented Thai rice varieties have higher mineral and vitamin contents in comparison 

with white Jasmine rice.   

The importance of energy-giving macronutrients and various essential micronutrients 

in the human body, especially in children and women in the reproductive age, those 

who are pregnant, or in their postpartum period and breastfeeding their babies, is well 

established. The findings in this dissertation have shown that edible insects and 

pigmented rice varieties can be added to diversify and improve the nutritional quality 

of people’s diets and to fight malnutrition from the household level. However, key 

issues have also been identified that warrant further investigation: food safety issues 

concerning edible insects, and the issue of phytic acid in pigmented rice varieties. In 

view of the Coronavirus disease 2019 (COVID-19) global pandemic, it is also 

recommended to study the possibility of including commodities like edible insects and 

pigmented rice as survival food of the future.  

The novel research into indigenous food resources contributes to the advancement of 

knowledge in the field of entomology and biodiversity conservation, and of course, in 

food science and nutrition. Most importantly, the dissertation’s contribution to the 

promotion of dietary diversification in the hope of attaining improved human health and 

nutrition will benefit the whole ASEAN region.  
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Summary 

The Association of Southeast Asian Nations (ASEAN) is composed of Brunei 

Darussalam, Cambodia, Indonesia, Lao PDR, Malaysia, Myanmar, Philippines, 

Singapore, Thailand, and Vietnam. The ASEAN region is ailing from moderate to 

serious incidence of malnutrition. Among the member countries, Brunei Darussalam 

has the highest prevalence of child obesity (17.8%), while Malaysia has the highest 

prevalence of adult obesity (15.6%). Indonesia has the highest percentage of young 

children suffering from wasting at 13.5%. Lao PDR has the highest percentage of the 

undernourished in the population (16.5%), at the same time, having the highest 

percentage of stunted children under five years of age (43.85%). It also has the highest 

HHI score with 38.7, which corresponds to having a severe case of micronutrient 

deficiencies, and the highest death rates for both children under five years of age (63 

deaths per 1,000 live births) and mothers (197 deaths per 100,000 live births). 

To fight malnutrition, nutrition-specific interventions address the immediate 

determinants of nutrition of specific vulnerable groups – young children, pregnant and 

lactating women, and others. Dietary diversification is an example of a nutrition-specific 

intervention. This dissertation was conducted to turn the spotlight towards the ASEAN 

region, its triple burden of malnutrition, and to dietary diversification as a sustainable 

way to lighten the load. It tackled one of the stumbling blocks to the acceptance of 

dietary diversification – food taboos, and one of the stepping stones towards its 

successful implementation – nutrient profiling of underutilized, indigenous resources in 

the region.   

This dissertation postulated that plant- and animal-based food taboos adhered to by 

pregnant, post-partum, and lactating Southeast Asian women can hinder dietary 

diversification in the most vulnerable and crucial moment of the first 1,000 days of life. 

The two review papers generated were the first to consolidate and showcase 

researches on food taboos covering the region. They highlighted the need for culture-

sensitive health interventions to address maternal and child health problems that could 

lead to the attainment of the sustainable development goals of reducing the maternal 

and under-five mortality ratios and empowering women in Southeast Asia, as well as 

the priority health goals of the ASEAN. 
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The underutilized, indigenous resources in the ASEAN region have the potential to be 

valuable components of a diversified diet. To prove this statement and to further 

promote dietary diversification, the dissertation tackled the nutrient profiling of the 

edible insects – Bombay locust (Patanga succincta), scarab beetle (Holotrichia sp.), 

house cricket (Acheta domesticus), and mulberry silkworm (Bombyx mori) from 

Thailand, and the sago grub (Rhynchophorus bilineatus) from Indonesia. For the 

pigmented rice varieties, the Camoros (red), Tinta (purple) and Malinao black rice from 

the Philippines were analyzed, while a review of pigmented rice varieties from Thailand 

was also conducted. 

The results of the analysis showed, and based on the Codex Alimentarius on food 

labelling, that the edible insects are “high in” protein and can be “sources of” or “high 

in” minerals. Also, data showed that the pigmented rice varieties from the Philippines 

and the pigmented Thai rice varieties have higher mineral and vitamin contents in 

comparison with white Jasmine rice. The findings in this dissertation have shown that 

edible insects and pigmented rice varieties can be added to diversify and improve the 

nutritional quality of people’s diets and to fight malnutrition from the household level.  

The novel research into indigenous food resources contributes to the advancement of 

knowledge in the field of entomology and biodiversity conservation, and of course, in 

food science and nutrition. Most importantly, the dissertation’s contribution to the 

promotion of dietary diversification in the hope of attaining improved human health and 

nutrition will benefit the whole ASEAN region. 
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Zusammenfassung 

Dem Verband Südostasiatischer Nationen (ASEAN) gehören Brunei Darussalam, 

Kambodscha, Indonesien, die Demokratische Volksrepublik Laos, Malaysia, 

Myanmar, die Philippinen, Singapur, Thailand und Vietnam an. Die ASEAN-Region 

leidet an mäßiger bis schwerer Unterernährung. Unter den Mitgliedsländern hat Brunei 

Darussalam die höchste Prävalenz von Fettleibigkeit bei Kindern (17,8%), während 

Malaysia die höchste Prävalenz von Fettleibigkeit bei Erwachsenen (15,6%) aufweist. 

Indonesien hat mit 13,5% den höchsten Prozentsatz an Kleinkindern, die an Wasting 

leiden. Die Demokratische Volksrepublik Laos hat den höchsten Prozentsatz an 

Unterernährten in der Bevölkerung (16,5%) und gleichzeitig den höchsten Prozentsatz 

an Kindern unter fünf Jahren mit Stunting (43,85%). Sie hat auch den höchsten HHI-

Wert mit 38,7, was einem schwerwiegenden Mikronährstoffmangel entspricht, und die 

höchsten Sterblichkeitsraten sowohl bei Kindern unter fünf Jahren (63 Todesfälle pro 

1.000 Lebendgeburten) als auch bei Müttern (197 Todesfälle pro 100.000 

Lebendgeburten). 

Zur Bekämpfung der Mangelernährung befassen sich ernährungsspezifische 

Interventionen mit den unmittelbaren Determinanten der Ernährung bestimmter 

gefährdeter Gruppen - Kleinkinder, schwangere und stillende Frauen und andere. Die 

Diversifizierung der Ernährung ist ein Beispiel für eine ernährungsspezifische 

Intervention. Diese Dissertation wurde durchgeführt, um das Augenmerk auf die 

ASEAN-Region, ihre dreifache Last der Unterernährung, und auf die Diversifizierung 

der Ernährung als nachhaltige Möglichkeit zur Milderung dieser Last zu lenken. Sie 

befasste sich mit einem der Stolpersteine auf dem Weg zur Akzeptanz der 

Diversifizierung der Ernährung - den Nahrungstabus - und mit einem der Sprungbretter 

auf dem Weg zu ihrer erfolgreichen Umsetzung - der Erstellung von Nährwertprofilen 

zu wenig genutzter, einheimischer Ressourcen in der Region.   

In dieser Dissertation wurde angenommen, dass pflanzliche und tierische 

Nahrungstabus, an die sich schwangere, postpartale und stillende südostasiatische 

Frauen halten, die Diversifizierung der Ernährung im verletzlichsten und wichtigsten 

Moment der ersten 1000 Lebenstage behindern können. Die beiden erstellten 

Übersichtspapiere waren die ersten, die die Forschungen über Nahrungstabus in der 

Region zusammenfassten und vorstellten. Sie betonten die Notwendigkeit 
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kultursensibler Gesundheitsinterventionen zur Bewältigung der Gesundheitsprobleme 

von Müttern und Kindern, die zur Erreichung der Ziele einer nachhaltigen Entwicklung, 

nämlich der Senkung der Sterblichkeitsrate von Müttern und Kindern unter fünf Jahren 

und der Stärkung der Rolle der Frauen in Südostasien, sowie der vorrangigen 

Gesundheitsziele der ASEAN führen könnten. 

Die wenig genutzten, einheimischen Ressourcen in der ASEAN-Region haben das 

Potenzial, wertvolle Bestandteile einer diversifizierten Ernährung zu sein. Um diese 

Aussage zu belegen und die Diversifizierung der Ernährung weiter zu fördern, befasste 

sich die Dissertation mit der Nährstoffzusammensetzung der essbaren Insekten - der 

Bombay-Heuschrecke (Patanga succincta), dem Skarabäuskäfer (Holotrichia sp.), der 

Heimchengrille (Acheta domesticus) und dem Maulbeerseidenspinner (Bombyx mori) 

aus Thailand sowie der Sago-Raupe (Rhynchophorus bilineatus) aus Indonesien. Bei 

den Sorten von pigmentiertem Reis wurden Camoros (rot), Tinta (violett) und Malinao 

schwarzer Reis von den Philippinen analysiert, ebenso wie eine Überprüfung der 

Sorten von pigmentiertem Reis aus Thailand. 

Die Ergebnisse der Analyse zeigten, und basierend auf dem Codex Alimentarius über 

die Lebensmitteletikettierung, dass die essbaren Insekten "proteinreich" sind und 

"Quellen von" oder "reich an" Mineralien sein können. Die Daten zeigten auch, dass 

die pigmentierten Reissorten aus den Philippinen und die pigmentierten thailändischen 

Reissorten im Vergleich zu weissem Jasminreis höhere Mineralien- und 

Vitamingehalte aufweisen. Die Ergebnisse dieser Dissertation haben ergeben, dass 

essbare Insekten und pigmentierte Reissorten hinzugefügt werden können, um die 

Ernährung der Menschen zu diversifizieren und die Ernährungsqualität zu verbessern 

und die Unterernährung auf Haushaltsebene zu bekämpfen.  

Die Forschung über einheimische Nahrungsressourcen trägt dazu bei, das Wissen auf 

dem Gebiet der Entomologie und der Erhaltung der biologischen Vielfalt und natürlich 

auch der Lebensmittelwissenschaft und Ernährung zu erweitern. Am wichtigsten ist, 

dass der Beitrag der Dissertation zur Förderung der Diversifizierung der Ernährung in 

der Hoffnung auf eine verbesserte menschliche Gesundheit und Ernährung der 

gesamten ASEAN-Region zugute kommen wird. 
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