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Foreword

Minister of Health Malaysia

Malaysia still faces the double burden of malnutrition. The burden of NCDs
continue to rise in Malaysia and unhealthy diet is one of the major risk factors for
NCD. Malaysian nowadays are living in an obesogenic environment that leads to
sedentary lifestyle and unhealthy eating habits.

The Ministry of Health Malaysia strives to assist Malaysians in achieving,
sustaining and maintaining a certain level of health status and to facilitate them
in leading a productive lifestyle. This can be better materialised by providing and
strengthening the health promotion and preventive approaches. Prevention of
diet-related diseases relies upon a comprehensive approach which includes a
combination of targeted nutrition intervention programmes and a wide range of
nutrition education for the public. Thus, the Recommended Nutrient Intakes
(RNI) are crucial to these efforts as they form the basis in setting up or

establishing nutrition requirement in any nutritional guidelines.

Thus, I would also like to commend the Technical Working Group (TWG) on
Nutritional Guidelines established under the National Coordinating Committee
on Food and Nutrition (NCCFN) for their diligent efforts in successfully updating
and revising the RNI (2005) edition.

It is my fervent hope that all the relevant ministries and agencies, academia,
health-related professional organisations and industries will use the RNI 2017
accordingly in their planning, monitoring and evaluation of nutrition programmes

and policies.

B Datuk Seri Dr. S Subramaniam
Minister of Health Malaysia
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Director General of Health Malaysia

One of the major challenges in evidence-informed policy making is the lack of
timely and comprehensive data needed by the relevant policy makers. With
limited resources at various levels, activities need to be prioritised that would
bring the greatest impact on the quality of health and nutrition of the nation.

The need to assess energy and nutrient requirement is a never-ending task, given
that Malaysia has experienced major transition in disease patterns due to rapid
changes in lifestyle and social demography. In this regard, the revised edition of
the RNI (2017) for Malaysia plays an important role in providing updated
scientific knowledge and practices on the recommended nutrient intake for
Malaysian. This RNI is developed through commendable efforts from experts of
various ministries, universities, agencies, institutions and professional

organisations.

I wish to congratulate the Technical Working Group on Nutritional Guidelines
and the various sub-committees who have assisted in producing this document.

I am confident that this revised RNI will be a valuable document for all of us.

Director General of Health Malaysia



Recommended Nutrient Intakes
for Malaysia

Foreword

Deputy Director General of Health
(Public Health) Malaysia

Revising RNI is one of the main activities under the Facilitating Strategy in
National Plan of Action for Nutrition of Malaysia (NPANM) III, 2016 — 2025,
which is to provide standard nutrition guidelines for various target groups.
Recommended Nutrient Intakes (RNI) are the level of intake of essential nutrients
that, on the basis of scientific knowledge, are judged to meet the known nutrient
needs of practically all healthy person. The revision of RNI 2005, will provide
latest recommendation on dietary intake for the maintenance of good health. With
close collaboration and valuable inputs by experts from various agencies and
organizations in the country, the revision has been done based on the latest
available evidence and finally agreed upon in a Consensus Meeting.

As Chairman of the National Coordinating Committee on Food and Nutrition
(NCCFN), I would like to thank the Technical Working Group on Nutritional
Guidelines and its three sub-committees for their great effort in updating and
revising the RNI 2005.

It is my hope that this revised RNI 2017 would be greatly beneficial in helping
to address malnutrition and other diet-related diseases by all the relevant
stakeholders. It will also be a valuable source of reference for future nutrition

guidelines.

YBhg Datuk Dr. Lokman Hakim Bin Sulaiman
Deputy Director General of Health (Public Health)
Ministry of Health Malaysia
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Preface

The need for a guide to serve as a goal for good nutrition has long been well recognized.
Recommended Nutrients Intakes (RNIs) are nutrient standards that may be used to plan and
assess dietary nutrient intakes. The first edition of the Recommended Nutrient Intakes (RNI)
Malaysia was published by the NCCFN (2005). The TWG Nutritional Guidelines under the
auspices of the National Coordinating Committee on Food and Nutrition (NCCFN) proposed
arevision of RNI (2005) in 2015. The Technical Working Group maintained the three Technical
Sub Committees (TSC) of RNI 2005, namely, Energy and Macronutrients, Vitamins, and
Minerals and Trace Elements, and its activities were presented to and endorsed by the NCCFN
on 9 May 2016.

The Technical Working Group had agreed on the common approach towards deciding on the
values to be adopted and the format of presenting the Malaysian RNI 2017. A total of 49 writers
from the three TSCs were involved in the review exercise and the draft were presented in a
Consensus Workshop on 10-11 January 2017 attended by 82 participants from 25 stakeholders,
namely, MOH (5), Academia (10), Research Institutes (4), Professional Organizations (3),
Federation of Malaysian Manufacturers (FMM), Federation of Malaysian Consumers
Associations (FOMCA) and Prime Minister’s department. This final document takes into
consideration all comments and suggestions to improve each chapter and will now replace the
RNI (2005) as the main reference for the Recommended Nutrient Intakes for Malaysia.

The following sections highlight the TSC recommendations for the four main chapters of the
document presenting what is new and also the differences between RNI (2005) and the revised
edition (RNI, 2017), the details of which could be found in the respective section.

Introduction

*  The nutrient recommendations have taken into consideration relevant publications after 2005.
The nomenclature and interpretation largely remain unchanged with the exception of Figure
1.3 adopted from FAO/WHO/UNU (2004) and Figure 1.4 IOM (2005).

e All age groups remain similar as RNI (2005) except for infant, which was divided into four
quarterly groups.

*  Reference heights for various age groups were derived from the National Health Morbidity
Survey (IKU, 2015)

*  Reference weight for children 0-9 years were based on weight-for-age median (WHO, 2006),
adolescents 10-18 years BMI-for-age median (WHO, 2007), while for adults 19 years and
above, was derived as mass equivalent to (desired) BMI 22.0 based on NHMS 2015 median
height.

e RNI(2017) recommended 13 new nutrients, making a total of 30 nutrients as compared to the
17 nutrients in RNI (2005).
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Energy and Macronutrients Recommendations

* The proposed recommendation for energy maintained the factorial method of the
FAO/WHO/UNU (2004) report.

*  Energy values were proposed for four levels of physical activity, namely low active (PAL 1.4),
moderately active (PAL 1.6), active (PAL 1.8) and very active (PAL 2.0). Energy
recommendation for individuals should be based on their physical activity level, but for
population groups, the recommendation of PAL 1.6 can be adopted.

*  Four recommendations of energy for infants were made for each 3-monthly age group as
compared to RNI (2005).

*  Energy recommendations are now proposed for the first trimester of pregnancy, and not just the
second and third trimesters.

e The revision for protein was done based on recent consensus statements that suggested protein
intake should be between 1.0 and 1.5 g/kg/day.

e Overall, the protein recommendations for infants and children are lower than the previous RNI
2005 due to a technical error in the FAO/WHO/UNU (1985) report.

*  Protein recommendation for pregnancy was also revised based on a slightly higher total
gestational weight gain and is available for the second and third trimesters.

e There are no specific recommendations for fats and carbohydrates but only as a percentage of
contributions towards total daily energy intake (TEI).

*  The TSC reviewed current evidence and recommends that macronutrient contribution towards
TEI for Malaysian adults should be as follows: carbohydrates 50 - 65% TEI, fat 25 - 30% TEI,
and protein 10 - 20%TEL

Vitamins Recommendations

*  Recognizing the continued relevance, all eight vitamins in RNI (2005) were reviewed and
retained except for vitamin D, the TSC decided to retain the original values, i.e. adapting the
values from WHO/FAO (2004).

e For vitamin D, the TSC decided to adapt the values from IOM (2011) in view of several recent
reports on the unsatisfactory status of this vitamin among some population groups. These new
values on vitamin D are generally 2-3 times higher than the 2005 values.

e For three of the four new vitamins, the TSC felt that the WHO/FAO (2004) values recommended
for vitamin K, pyridoxine and pantothenic acid are appropriate to be adapted for use in RNI
(2017).

*  For vitamin B12, the TSC adapted the EFSA (2015) values derived mainly based on appropriate
biomarkers. These values are higher for all age groups compared with the WHO/FAO (2004)
and IOM 1998 values which were based on dietary intake levels. Although FAO/WHO did not
have a revised RNI in recent years, the TSC decided that the RNI (2004) of these organizations
remained as the main source of reference.

*  Publications of the Institute of Medicine (IOM) and the European Food Safety Authority
(EFSA) were also used in this update.
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Minerals and trace elements Recommendations

e The Technical Sub-Committee (TSC) on Minerals and Trace Elements agreed to adopt the
recommendations of FAO/WHO as a priority.

*  However, for minerals and trace elements that the FAO/WHO did not have available guidelines,
the recommendations of IOM were used instead.

e After reviewing recent dietary intake recommendations of FAO/WHO, IOM and ESFA, as well
as those of countries in the region, the TSC made the decision to include besides calcium (RNI,
2005), four other minerals namely, phosphorus, sodium, potassium and magnesium for the
(RNI, 2017)

e From the nine trace elements, four (iron, iodine, zinc and selenium, RNI 2005) were retained
and five new elements, chromium, copper, manganese, molybdenum and fluoride were included
using the most recent recommendations of IOM (various years), ESFA (2010), Australia (2006),
Japan (2015) and the Philippines (2015).

Revision of RNI is an ongoing activity and nutrient recommendations will continue to evolve
and be updated as new research findings using new methods of analysis are reported. These
recommendations (RNI, 2017), part of an effort to update the original RNI (2005) are for healthy
people and may not meet the specific nutritional requirements of individuals with various
diseases or conditions, pre-term infants, or people with specific genetic profiles.

The TWG are confident that RNI (2017) would be the main source of reference to the
Government to better plan, evaluate and monitor nutrition programmes, to assist public health
nutritionists and other health related professionals in assessing the dietary requirements of
individuals and groups and to help food legislators and the food industry for dietary modelling
and/or food labelling and food formulation.

I wish to extend my personal gratitude to the members of the TWG for their continued support,
the Chairmen and members of the various Technical Sub-Committees (TSCs) for their
contribution in reviewing and updating the RNI (2005), the Consensus Workshop participants
for their constructive comments and suggestions to further improve this document and the
Secretariat (Nutrition Division, MOH) for their assistance to complete the task.

Emeritus Profe$sor Dr. Mohd Ismail Noor
FASc, FIUNS, FNSM

Chairman
Technical Working Group on Nutritional Guidelines
National Coordinating Committee for Food and Nutrition (NCCFN)
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Introduction to RNI 2017

A nutrient is a component in foods that an organism uses to survive and grow. Macronutrients
provide the bulk energy an organism’s metabolic system needs to function while micronutrients
provide the necessary cofactors for metabolism to be carried out. Both types of nutrients can be
acquired from the environment. Micronutrients are used to build and repair tissues and to regulate
body processes while macronutrients are converted to, and used for energy. Nutrient recommendations
differ with age, sex and physiological condition.

1.1 Evolution of Nutrient Recommendations

The first recommendation was reported by Dr. E Smith (1862) during the “Cotton Famine”
to determine the least cost for which sufficient food could be purchased to prevent starvation
and associated diseases in economically depressed and unemployed populations in the United
Kingdom (UK). During the First World War (1914-1919), a recommendation was set for energy
(Lusk) and to feed the army and nation in the UK. The British Medical Association was among the
early authorities to formulate recommendations “to maintain health and working capacity” during
the economic depression. In 1936, the Technical Commission of the Health Committee of the
League of Nations (which became the United Nations in 1946 published its first nutrient-based
dietary standards which sought to answer the following questions: What are the nutritional needs
of human beings? How can they be recognized? How can it be determined that they are being
satisfied? (TCHC-LON, 1936). In 1941, the US National Research Council proposed a
recommendation with the aim of “building up of our people to a level of health and vigour never
before attained or dreamed of.”(NRC, 1941).

The first edition was published in 1943 to provide “standards to serve as a goal for good
nutrition.” Because RDA are intended to reflect the best scientific judgment on nutrient allowances
for the maintenance of good health and to serve as the basis for evaluating the adequacy of diets
of groups of people, the initial publication has been revised periodically to incorporate new
scientific knowledge and interpretations. The RDAs were then replaced by Dietary Reference
Intakes (DRIs) which refers to a set of 4 nutrient-based reference values Estimated Average
Requirement (EAR), Recommended Dietary Allowance (RDA), Adequate Intake (Al) and Tolerable
Upper Intake Level (UL). The first set of DRI for calcium and related nutrients was published by
IOM in 1997 followed by sets covering other nutrients (I0M, 1997, 1998, 2000, 2001 and 2002).
Subsequently, IOM published DRI updates for water, potassium, sodium, chloride and sulphate
(2004), for energy, carbohydrates, fibre, fat, fatty acids, cholesterol, protein and amino acids
(2002/2005) and calcium and vitamin D (2011). By the 1940s, a number of countries including
India (1944) and the Philippines (1941) had established their first national Recommended Daily
Allowances.

Since 1949, FAO joined by WHO in the early 1950s and later by UNU in 1981 have convened
groups of experts to evaluate scientific knowledge in order to define the energy requirements and
proposed dietary energy recommendations for populations published by WHO (1985). The
Commission of the European Communities Office in Luxemburg published the nutrient and energy
intake for the European Communities (CEC, 1993). Subsequently, an expert consultation took
place in Rome from 17-24 October 2001 with a mandate to revise and update the 1985 report,
which was published by FAO/WHO/UNU in 2004.
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The FAO/WHO/UNU have played major roles in consultative efforts to define human nutrient
requirements. Arising from these consultations were several landmark reports including those that
addressed the requirements for minerals (Appendix 1). The 2002 FAO/WHO Joint Report became
a definitive reference resource on recommended intake of vitamins and minerals for countries
worldwide. The recommendations included 13 vitamins and 6 minerals, the latter being calcium,
iodine, iron, magnesium, selenium and zinc. The individual nutrients in the FAO/WHO 2002 Report
made considerable reference to the Dietary Reference Intakes (DRIs) of the Institute of Medicine
(IOM), Food and Nutrition Board, United States. The DRIs were and are still deemed as the most
current scientific knowledge on nutrient needs of healthy populations built upon experimental
evidence and extensive literature reviews. Appendix 2 shows the IOM reports that were cited in
FAO/WHO (2002). Also, during the past decade, several relevant updates on dietary intake
recommendations were published (Appendix 3). More recently, the European Food Safety
Authority (EFSA) have published recommendation for energy (2013), folate (2014) and
cobalamine (2015)

In Malaysia, a Technical Sub-Committee was formed in 1969 with representatives from the
Institute for Medical Research and Public Health Institute of the Ministry of Health, WHO and
University of Malaya “to provide advice on dietary aspects of the then proposed Applied Nutrition
Pilot Project”. This group prepared a new dietary standard based on various WHO
recommendations published between 1964 and 1973 (Teoh, 1975), which was subsequently
published as the Malaysian RDI in 1975. The task of reviewing and revising the 1975 RDA was
assigned to the Technical Working Group (TWG) on Nutritional Guidelines established under the
National Coordinating Committee on Food and Nutrition (NCCFN), Ministry of Health Malaysia. The
first meeting of the Technical Committee was held on the 20th September 2002 and the revised
dietary recommendation, RNI for Malaysia, was published in 2005. Advances in scientific
knowledge in the last decade coupled with the deteriorating state of health of the nation prompted
the Technical Working Group in a meeting held on 13 February 2015 to review and revise the RNI
2005.

Nomenclature and interpretations

A variety of terms are commonly used with reference to dietary recommendations, including
terms such as recommended dietary allowances, recommended daily allowances, recommended
daily amounts, recommended nutrient intakes, among others. In this review, the term
Recommended Nutrient Intake (RNI) is maintained.

The Food and Nutrition Board that devised the RDAs in the USA defined Recommended Daily
Allowance as “the level of intake of essential nutrients that, on the basis of scientific knowledge,
are judged by the Food and Nutrition Board to be adequate to meet the known nutrient needs of
practically all healthy persons” (NRC, 1980). Although new information is available as a result of
the development of more precise techniques of determining human nutritional requirements, the
definition has remained essentially unchanged since the 8th edition (NRC, 1974).

Estimates of energy requirements are derived from measurements of individuals.
Measurements of a collection of individuals of the same sex and similar age, body size and
physical activity are grouped together to give the average energy requirement - or recommended
level of dietary intake - for a class of people or a population group. These requirements are then
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used to predict the requirements and recommended levels of energy intake for other individuals
with similar characteristics, but on whom measurements have not been made. Although
individuals in a given class have been matched for characteristics that may affect requirements,
such as sex, age, body size, body composition and lifestyle, there remain unknown factors that
produce variations among individuals. Consequently, there is a distribution of requirements within
the class or population group (WHO, 1985) (Figure 1.1)

Energy Average
requirement
()
© I
3 1
= !
2 1
= |
o 1
o
) I
5
£ |
g |
° 1
o |
|
1
(Low) Level of requirement (High)

Figure 1.1 Distribution of energy requirements of a population group or class of individuals*

*It is assumed that individual requirements are randomly distributed about the mean requirements for the
class of individuals, and that the distribution is Gaussian.
Source: WHO, 1985.

For most specific nutrients, a certain excess of intake will not be harmful. Thus, when dietary
recommendations are calculated for these nutrients, the variation among individuals in a class or
population group is taken into account, and the recommended level of intake is an amount that
will meet or exceed the requirements of practically all individuals in the group. For example, the
recommended safe level of intake for proteins is the average requirement of the population group,
plus 2 standard deviations. This approach cannot be applied to dietary energy recommendations,
because intakes that exceed requirements will produce a positive balance, which may lead to
overweight and obesity in the long term. A high level of energy intake that assures a low
probability of energy deficiency for most people (e.g. the average requirement plus 2 standard
deviations) also implies a high probability of obesity for most people owing to a dietary energy
excess (Figure 1.2). Therefore, in agreement with earlier reports, this expert consultation
concluded that the descriptor of the dietary energy intake that could be safely recommended for
a population group is the estimated average energy requirement of that group.
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The dietary energy sources are mainly from food carbohydrates, fats and proteins. Hence,
the proportion of macronutrients contributing towards energy intake may contribute risk of
chronic disease. As such the Acceptable Macronutrient Distribution Ranges (AMDRs) are
recommended macronutrient intakes that are associated with reduced risk of chronic disease.
AMDRs apply for carbohydrates, proteins and fats; and are expressed in percent of calories from
total daily energy (%TEIl). WHO/FAO (2003) set population goals for macronutrient intakes as a
percentage of energy intakes. Although the values are similar to those specified by US/Canadian
adequate macronutrient distribution ranges (AMDRs), they are interpreted differently. The
US/Canadian standards refer to adequate ranges for usual intakes of individuals, whereas the
WHO standards refer to mean intake goals for populations or large groups.

Average
requirement
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Figure 1.2 Probability that a particular energy intake is adequate or excessive for an
individual*

* Individuals are randomly selected among a class of people or a population group. The two probability
curves overlap, so the level of energy intake that assures a low probability of dietary energy deficiency is the
same level that implies a high probability of obesity owing to dietary energy excess.

Source: WHO, 1985.

The dietary requirement for a micronutrient is defined as an intake level, which meets
specified criteria for adequacy, thereby minimizing risk of nutrient deficit or excess. Functional
assays are presently the most relevant indices of subclinical conditions related to vitamin and
mineral intakes. The choice of criteria used to define requirements is of critical importance, since
the recommended nutrient intake to meet the defined requirement will clearly vary, depending,
among other factors, on the criterion used to define nutrient adequacy. Unfortunately, the
information base to scientifically support the definition of nutritional needs across age ranges, sex
and physiologic states is limited for many nutrients. Where relevant and possible, requirement
estimates presented here include an allowance for variations in micronutrient bioavailability and
utilization.
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Recommended nutrient intake (RNI) is the daily intake, set at estimated average requirement
(EAR) plus 2 standard deviations (SD), which meets the nutrient requirements of almost all
apparently healthy individuals in an age- and sex-specific population group. If the distribution of
requirement values is not known, a Gaussian or normal distribution can be assumed, and from
this it is expected that the mean requirement plus 2 SD will cover the nutrient needs of 97.5% of
the population. If the SD is not known, a value based on each nutrient’s physiology can be used
and in most cases a variation in the range of 10-12.5% can be assumed (exceptions are noted
within relevant chapters). Because of the considerable daily variation in micronutrient intake, daily
requirement refers to the average intake over a period of time. The cumulative risk function for
deficiency and toxicity is defined in Figure 1.3, which illustrates that as nutrient intake increases
the risk of deficit drops and at higher intakes the risk of toxicity increases. The definition of RNI
used in this report is equivalent to that of the recommended dietary allowance (RDA) as used by
the Food and Nutrition Board of the United States National Academy of Sciences (FNB, 2001).
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Figure 1.3 Risk function of deficiency and excess for individuals in a population related to
food intake, assuming a Gaussian distribution of requirements to prevent deficit and avoid
excess

The shaded ranges correspond to different approaches to defining requirements to prevent deficit and excess,
respectively. The estimated average requirement (EAR) is the average daily intake required to prevent deficit
in half of the population. The recommend nutrient intake (RNI) is the amount necessary to meet the needs
of most (97.5%) of the population, set as the EAR plus 2 standard deviations. The tolerable upper intake level
(UL) is the level at which no evidence of toxicity is demonstrable.

Source: WHO/FAQ (2004)
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To address the issues resulting from the application of a single value, the RDA, to a variety
of uses and to incorporate the concept of reduction of risk to chronic degenerative diseases, the
US Food and Nutrition Board (FNB), in collaboration with Health Canada (HC) and the Canadian
National Institute of Nutrition (CNIN), developed four types of nutrient-based reference values,
each for a particular use or uses, and collectively called “Dietary Reference Intakes” or DRIs (I0M,
2000). The DRIs refer to the complete set of reference intakes, including the RDA (recommended
dietary allowance), Al (adequate intake), UL (tolerable upper intake level), and EAR (estimated
average requirement). DRIs are expressed as intakes per day but are meant to represent average
intakes of individuals over time. It is thought that the nutrient intake can vary substantially from
day to day without ill effects. Each DRI expression (RDA, Al, UL, and EAR) has specific uses for
planning and assessing diets or for applications to nutrition policy and education. The RNI 2017
for Malaysia adapted the concept of IOM but replaces the term ‘RDA’ with “RNI” (Figure 1.4).

1.0 J EAR L 1.0
uL
[7/]
[7]
Q
(3)
x
11}
Y
o
4
0.5 - 05 ¢
&
Al
_________________ >
0.02
0 Vi 0

77
Observed Level of Intake

Figure 1.4 Conceptual framework for IOM/FNB’s DRIs
Source: I0M (2005)

The estimated average requirement (EAR) is recommended by I0M (2005) for assessing
diets for individuals and groups. For the individual, the EAR is used to examine the probability of
inadequacy (or adequacy) of reported usual intake of the individual. Hence the probability of
his/her intake is <0.5 when intake is below the EAR, as defined by the specified indicator of
adequacy. For the group, the EAR is used to estimate the prevalence of inadequacy (or adequacy)
of usual intake within a group.

The estimated average requirement (EAR) is the median intake value that is estimated to
meet the requirement, as defined by specified indicator of adequacy, in half of the individuals in
a life-stage or sex group. At this level of intake, the other half of a specified group will not have
its nutritional needs met. The EAR is used to calculate the RDA.

The recommended dietary allowance (RDA) Recommended Nutrient Intake (RNI) is the
average daily dietary intake level that is sufficient to meet the requirement of nearly all healthy
individuals in a particular life stage and gender group. If the distribution of requirement of the
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group is assumed to be normal, then the RDA RNI is the value computed as EAR + 2SD) to cover
that exceeds requirement of almost all individuals in the population (97 to 98 percent) of the
individuals in the group. The RDA is intended for use primarily as a goal for usual intake of
individuals.

If sufficient scientific evidence is not available to establish an EAR and set a RDA, RNI an
adequate intake (Al) is derived instead. The Al is based on experimentally derived intake levels
or approximations of observed mean nutrient intakes by a group (or groups) of apparently healthy
people who are maintaining a defined nutritional state or criterion of adequacy.

The tolerable upper intake level (UL) is the highest level of continuing daily nutrient intake
that is likely to pose no risk of adverse health effects in almost all individuals in the specified life
stage group. As intake increases above the UL, the potential risk of diverse effect increases. The
term tolerable intake was chosen to avoid implying a possible beneficial effect. The UL is not
intended to be a recommended level of intake.

Age-categories and reference weight

In developing the recommendations, it was necessary to standardize body weights for the
various age/gender groups. The age categories adopted for the RNI are as shown in Table 1.1. All
age groups remain similar to the 2005 RNI except for infancy, which was divided into four
quarterly groups. The reference heights for the various age categories were derived from the
National Health and Morbidity Survey (NHMS) 2015 dataset (IPH, 2015). Reference weights for
children aged 9 years and below were derived from weight-for-age medians based on the WHO
2006 growth standards and WHO 2007 growth reference. For adolescents aged 10 - 18 years,
reference weight was derived as mass equivalent to the WHO 2007 BMI-for-age median based on
the reference height, while in adults aged 19 years and above, reference weight was derived as
mass equivalent to BMI 22.0 based on reference height. The reference weights and heights
according to age groupings adopted for use in the proposed Malaysian RNI 2017 are as shown
in Table 1.1.
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Table 1.1 Reference hody weights and heights for the Malaysian population

Body weight (kg)? Length/Height (cm)?
Age group’
Males Females Males Females

0-2.9 months 4.5 4.2 54.7 53.7
3-5.9 months 7.0 6.4 63.9 62.1
6 — 8.9 months 8.3 7.6 69.2 67.3
9-11.9 months 9.2 85 73.3 75
1 -3 years 12.2 11.5 88.6 86.3
4 - 6 years 18.3 18.2 108.9 108.5
7 -9 years 254 25.0 125.5 1234
10 -12 years 33.4 354 140.5 143.5
13— 15 years 49.6 46.5 161.5 154.0
16 — 18 years 59.2 50.3 167.5 154.8
19— 29 years 61.4 52.9 167.0 155.0
30 - 59 years 60.6 52.2 166.0 154.1
60 — 64 years 58.5 50.2 163.0 151.0
= 65 years 57.7 48.8 162.0 149.0

' For all age categories, the ending age extends till just before the beginning age of the subsequent category. For
example, for the category 0-5 months, 5 months include up to 5.9 months.

2 Children 0-9 years: WHO weight-for-age median; Adolescents 10-18 years: mass equivalent to WHO BMI-for-
age median based on NHMS 2015 median heights; Adults: mass equivalent to BMI 22.0 based on NHMS 2015
median heights.

3 NHMS 2015 database, median heights.
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Having considered emerging evidence on the connections between diet and health and the
recent recommendations from FAO/WHO/UNU, 10M, EFSA, the Technical Working Groups
identified 13 new nutrients (in italics) making a total of 30 nutrients listed below, as compared to

17 nutrients (RNI, 2005).

Energy/Macronutrients

Energy
Protein

Fat
Carbohydrate

L

Vitamins

5. Thiamin (Vitamin B1)

6. Riboflavin (Vitamin B2)
7. Niacin (Vitamin B3)

8. Pantothenic Acid (Vitamin B5)
9. Pyridoxine (Vitamin B6)
10. Folate (Vitamin B9)

11. Cobalamin (Vitamin B12)
12. Ascorbic Acid (Vitamin C)
13. Vitamin A

14. Vitamin D

15. Vitamin E

16. Vitamin K

Minerals & Trace Elements

17. Galcium

18. Iron

19. lodine

20. Zinc

21. Selenium
22. Phosphorus
23. Sodium

24. Potassium
25. Magnesium
26. Chromium
27. Copper

28. Manganese
29. Molybdenum
30. Fluoride

1.5 What is new in this Report

The Executive Summary have presented in detail this updated version (RNI, 2017) and

among others;

e Reference body weights for adults are calculated based on desired BMI of 22.0 and average
height of the Malaysian population

e  Estimated energy requirements are based on physical activity levels (PALS)

*  For energy requirements (infants) 4 age-categories, 0-2, 3-5, 6-8 and 9-11 months

e Nine (9) new minerals and 4 new vitamins are added to this report

e Age categories differs slightly for the minerals group when compared to the energy and
macronutrient and vitamin groups.



Recommended Nutrient Intakes
for Malaysia

Introduction to RNI 2017

1.6 Uses of RNI
The uses of recommended nutrient intakes (RNI) include the following:

Policy Maker

e Planning and monitoring of the national food supplies and stockpile of food for emergencies.
e Asa basis for development of the National Dietary Guidelines.

» Asareference for development of relevant policies (e.g. Agriculture policy).

Program Planner

e Evaluation of dietary intakes for the population/ identified groups.

*  Ensuring adequacy nutrients in food intervention programme.

e Asreference in the development of education materials for nutrition promotion.
e ldentifying risk of inadequate nutrient intakes for certain groups.

Food Industry and Marketing

e Reference for nutrition labelling of foods and supplements
e Guide for nutrient claims on food products

e Food product innovation and food fortification

Clinical Practitioner

e Assist in development of therapeutic diet manuals.

e Assessment of individual diets.

e Plan modified diets.

e Planning procurement of food supplies and menus for hospital/ institution.

Researcher
e Asamain reference for dietary analysis for epidemiological studies.
e Evaluation of nutritional quality of foods by calculating the nutrient density index.

Recommended Nutrient Intake (RNI) and Chronic Disease

The RNI can also be used as a guide to reduce risk of chronic diseases. The replacement of
nutrient-poor, energy-dense foods and drinks with generous amount of vegetables, fruits and
wholegrain cereals can help prevent chronic diseases. The suggested target of nutrients intake in
order to reduce risk of chronic diseases is equivalent to the 90th centile of population
recommended nutrient intake. However, in order to achieve the target, it is recommended that the
intake should be from natural food sources rather than commercially available dietary supplements.

In relation to the increasing prevalence of obesity and NCDs in the country, the Technical
Working Group in Nutritional Guidelines has agreed to estimate the energy requirement for all
groups using reference body weight calculated based on desired BMI of 22.0. The revised energy
requirements are generally lower than RNI (2005) by about 8 - 18%, mainly for the adolescents
and adults age groups.
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Energy and Macronutrients
Recommendations

The Technical Sub-Committee (TSC) on Energy and Macronutrients reviewed the recommendations
by referencing the latest available publications of the FAO/WHO/UNU (2004), Institute of Medicine
(I0M, 2002) and the European Food Safety Authority (EFSA, 2013) reports.

The proposed recommendation for energy is still based on the factorial method of the
FAQO/WHO/UNU 2004 report; however, energy values were proposed for four levels of physical activity,
namely low active (PAL 1.4), moderately active (PAL 1.6), active (PAL 1.8) and very active (PAL 2.0).
Energy recommendation for individuals should be based on their actual physical activity level, but for
population groups, the recommendation of PAL 1.6 can be adopted. Four recommendations of energy
for infants were made for each 3-monthly age group as compared to RNI 2005 where only two
recommendations were made for 6-monthly age groups. Energy recommendations are now available
for the first trimester of pregnancy as well as the second and third trimester recommendations
previously available in RNI 2005.

The revision for protein was done based on recent consensus statements that suggested protein
intake between 1.0 and 1.5 g/kg/day could confers health benefits beyond those afforded by simply
meeting the current requirement. Overall, the protein recommendations for infants and children are
lower than the previous RNI 2005 due to a technical error in the FAO/WHO/UNU 1985 report that
overestimated protein requirement considerably for this age group. Protein recommendation for
pregnancy was also revised based on a slightly higher total gestational weight gain and is available for
the second and third trimesters.

There are no specific recommendations for fats and carbohydrates but only as a percentage of
contributions towards total daily energy intake (TEI). The TSC reviewed current evidence and
recommends that macronutrient contribution towards TEI for Malaysian adults should be as follows:
carbohydrates 50 — 65%TEl, fat 25 — 30%TEI, and protein 10 — 20%TEI. Of these, intake of free sugar
should be 10%TEI or less, whereas intake of dietary fibre should be between 20 to 30 grams daily, for
the prevention of diet-related chronic diseases. Recommendations for n-3 and n-6 polyunsaturated,
monounsaturated, saturated as well as trans fatty acids are also provided based on %TEl.
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1.1 Introduction

Animportant goal in human nutrition is to ensure that the energy ingested in food is adequate
to meet energy demands. The body needs energy for maintaining body temperature, metabolic
activity, supporting growth and for physical work. It is also important, particularly in affluent
societies, to minimize excess energy intake over expenditure in order to prevent obesity and its
complications.

In addition, conceptually, the prevalence of food deprivation, which is termed
undernourishment, is based on comparison of usual food consumption expressed in terms of
dietary energy (kcal) with a minimum requirement level. The population group with food
consumption below the minimum required level is considered undernourished. The focus on
dietary energy in assessing food insufficiency or deprivation is justified from two perspectives.
Firstly a minimum amount of dietary energy intake is essential for body-weight maintenance and
work performance. Secondly, increased dietary energy, if derived from normal staple foods, brings
with it more protein and other nutrients as well, while raising intakes of the latter nutrients without
ensuring a minimum level of dietary energy is unlikely to be of much benefit in terms of improving
nutritional status.

The first important principle is that energy requirement must be estimated on the basis of
energy expenditure and not of energy intake. It is based on the recognition that it is energy
expenditure that drives energy needs rather than intake, which does not necessarily reflect energy
needs and may vary independently.

A joint FAO/WHO/UNU Expert Consultation on Energy in Human Nutrition met in October
2001 to review the state of the art of the scientific literature since the 1985 report and to arrive
at recommendations for energy requirement throughout the life cycle (FAO/WHO/UNU 2004). The
report published in 2004 defined energy requirement as “the amount of food energy needed to
balance energy expenditure in order to maintain body size, body composition and a level of
necessary and desirable physical activity, consistent with long-term good health”. This includes
the energy needed for optimal growth and development of children, for deposition of tissues
during pregnancy and for secretion of milk during lactation consistent with good health of the
mother and child.

The estimation of energy requirement is based on the factorial approach, which expresses
energy requirement/expenditure, as well as its various components, as multiples of basal
metabolic rate (BMR). Besides being the largest component of energy expenditure, as high as
70% in sedentary individuals, expressing energy expenditure/requirements in terms of BMR
factors make it unnecessary to correct for body weight, thus simplifying the calculation and
allowing for easier and more meaningful comparisons among diverse population groups. It is,
however, recognized that a residual variability remained of BMR/kg body weight at the diverse
weights, with higher values per unit body weight in smaller individuals than in bigger ones. The
factorial approach consists of the summation of various activities representing the energy
expenses, such as the costs of diverse types of physical activity, the extra energy allocated for
pregnancy and lactation and the energy cost of growth.
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1.2 Principles of energy balance and energy requirements
Principles of energy balance

The standard unit of energy is the joule and human energetics is usually expressed in terms
of kilojoules (i.e. joules x 1000). A megajoule (MJ) is 1000 kJ. One kilocalorie or Calorie = 4.184
kd. It is a fundamental principle of thermodynamics that energy cannot ‘disappear’. Food energy
eaten has to be either excreted in the faeces or absorbed by the body. Once absorbed, a small
amount of energy is excreted in the urine as the by-product of protein metabolism and the rest
of the absorbed fuel has to be metabolized for energy or stored in the tissue as fat or as
carbohydrate in the form of glycogen. Metabolized energy supports the making of new chemical
compounds within the body, fuels the muscular activity required to breathe, digest food and
maintain body posture, and also provides energy for physical activity (James & Schofield, 1990).

Principles of energy requirements

Energy needs are determined by energy expenditure. Therefore, in principle, estimates of
requirements should be based on measurements of energy expenditure. Components of energy
expenditure include basal metabolic rate, physical activity, metabolic cost of food and metabolic
cost of growth.

Basal metabolic rate

Physiologically, BMR is defined as the lowest rate of energy exchange in the body, which is
related to the organization of bodily functions and production of body heat. Technically, it is
defined as the rate of energy expenditure of a fasted and fully-rested individual in a thermoneutral
environment or can simply be defined as the minimal rate of energy expenditure compatible with
life.

Since basal metabolic rate (BMR) is the largest component of energy expenditure, it has
been adopted by the FAO/WHO/UNU Expert Committee 1981 as the basis for calculating all
components of total energy expenditure. To obtain the total requirement, the estimate of BMR is
multiplied by a factor that covers the energy cost of increased muscle tone, physical activity, the
thermic effect of food, and where relevant, the energy requirements for growth and lactation
(FAO/WHO/UNU 1985).

The FAO/WHO/UNU (2004) report adopted the equations for predicting BMR from body
weight derived by Schofield (1985), presented in Appendix 2.1. For the Malaysian population,
Ismail et al., (1998) had reported predictive equations for adults (Appendix 2.2) and Poh et al.,
(1999; 2004) for adolescents aged 10 to 18 years old (Appendix 2.3 & 2.4). More recently, Henry
(2005) produced the Oxford equations for predicting BMR (Appendix 2.5).
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Physical activity

The level of physical activity must be considered in detail when assessing energy needs.
Energy needs may be calculated based on the amount of time spent and the energy cost of various
activities. To facilitate the calculations, daily activities are divided into two broad categories,
namely occupational activities and discretionary activities (FAO/WHO/UNU, 1985). Occupational
activities include those activities that are essential for the individual and the community and can
be considered as economic activities that are life sustaining. The traditional classification of work
according to occupation is important, but care must be taken to ensure that there is an adequate
description of the occupation. Discretionary activities are additional activities outside working
hours that may be of benefit to the community, which includes recreational activities. Apart from
that, the routines of daily living (travel to and from places, household and other chores) are other
domains of activities (Samitz, Egger and Zwahlen 2011). The requirement to cover these activities
should not be considered as dispensable, since it usually contributes to the physical and
intellectual well-being of the individual, household or group.

The FAO/WHO/UNU (2004) consultation endorsed the proposition that recommendations
for dietary energy intake must be accompanied by recommendations for an appropriate level of
habitual physical activity. The Malaysian Dietary Guidelines (2010) recommend that all individuals
should be active every day and adults should be involved in moderate to vigorous physical activity
at least 30 minutes per day for five to six days a week. Flexibility, strength and endurance activities
should also be incorporated into our activities two to three times a week. Minimized inactivity
and sedentary habits are important to lower risks associated with physical inactivity and
sedentariness.

In proposing the Dietary Reference Values for Energy, European Food Safety Authority (EFSA)
proposed adopting a physical activity level (PAL) of 1.4 to reflect low active (sedentary), PAL 1.6
moderately active, PAL 1.8 active and PAL 2.0 very active lifestyles (EFSA, 2013). A low active or
sedentary lifestyle is defined as the type of day-to-day lifestyle with minimum amount of physical
activity; for example, a person who performs almost all activities at work, transportation and
leisure time in light activities.

Examples of lifestyles equivalent to the four levels of PAL are described in Table 1.1. The
examples given are based on a 30-year-old man with body weight of 60.6 kg and BMI 22 kg/m?.
Appendix 1.6 provides some examples of activities based on metabolic equivalent (MET) values
for sedentary or inactive (METs <3), moderately active (METs 3-6) and vigorous intensity activities
(METs >6).
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Table 1.1 : Examples of 24 hour activities equivalent to low active (sedentary), moderately active,
active and very active lifestyles

PAL1.4 PAL 1.6 PAL1.8 PAL 2.0
(Low (Moderately | (Active) (Very
active/ active) active)
sedentary)
Activities Time spent (hours)
Sleeping (MET=1.0) 8.0 8.0 8.0 8.0
Self care - showering, toweling off, standing, 0.5 0.5 0.5 0.5
grooming, shaving, brushing teeth, putting on
make-up (MET=2.0)
Lying down and watching television (MET=1.0) 1.0 0.5 0.5 2.5
Office work- sitting, writing, desk work, typing 8.0 8.0 8.0 0
(MET=1.3)
Farming, driving harvester, cutting hay, irrigation 0 0 0 4.0
work (MET=4.8)
Walking & commuting from/to the car, in the 1.0 1.0 1.0 1.0
house/ office (MET=2.5)
Home/ household activities/ task-light effort 0.0 1.5 2.0 1.0
(MET=2.8)
Sitting - home activities/ watching television, 5.5 4.0 3.0 7.0
typing (MET=1.3)
Brisk walking (MET=4.3) 0 0.5 0 0
Jogging (MET=7.0) 0 0 1.0 0

MET = Metabolic equivalent values based on Ainsworth et al., (2011)
Metabolic response to food

The increased oxygen uptake after a meal depends on the nutrient composition of food
consumed and the amount of energy ingested. The measurement of energy cost of digesting,
absorbing and storing ingested nutrients is not easy. It is difficult to separate the energy expended
in excess of the basal rate after eating a meal, from the energy cost of physical activity involved
in sitting, eating and digesting (FAO/WHO/UNU, 1985). Thus, it is often quantified at about 10%
of total energy expenditure. These metabolic processes are also known by terms such as dietary-
induced thermogenesis, specific dynamic action of food and thermic effect of feeding
(FAO/WHO/UNU, 2004).
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Growth

The energy cost of growth includes two components: the energy value of the tissue or
product formed and the energy cost of synthesizing it. Growth is a component that is often
included in total energy expenditure among children to account for the small increment of stored
cell energy, which is about 2 kcal per gram of weight gain (FAO/WHO/UNU, 2004) required for
growth and development (< 2% of total energy requirement) (Davies, 1992). Table 1.2 shows the
protein and fat gains as well as the energy deposited in infants aged below 1 year old.

Although the energy requirement for growth relative to maintenance is small, except for the
first months of life, satisfactory growth is a sensitive indicator of whether needs are being met.
To determine the energy cost of growth, the energetics of growth must be understood and
satisfactory growth velocities must be defined. Except in the case of young infants and during
lactation, the estimates of energy cost are not very critical, since human growth is a slow process,
taking up a small proportion of the energy requirement (FAO/WHO/UNU, 1985).

Table 1.2: Energy content of tissue deposition of infants' below 1 year old

Age interval Protein gain Fat mass gain Energy deposited in

(months) (g/day) (g/day) growing tissues (kJ/g)
Boys

0-3 months 2.6 19.6 25.1

3-6 months 2.3 3.9 11.6

6-9 months 2.3 0.5 6.2

9-12 months 1.6 1.7 11.4
Girls

0-3 months 2.2 19.7 26.2

3-6 months 1.9 5.8 15.6

6-9 months 2.0 0.8 7.4

9-12 months 1.8 1.1 9.8

Gross energy equivalents: 1g protein = 23.6kJ (5.65 kcal); 1g fat = 38.7kJ (9.25kcal)
Source: 'Butte (2005)
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Pregnancy and lactation

During pregnancy, extra energy is needed for the growth of the foetus, placenta and various
maternal tissues, such as in the uterus, breasts and fat stores, as well as for changes in maternal
metabolism and the increase in maternal effort at rest and during physical activity
(FAO/WHO/UNU, 2004).

The energy cost of lactation has two components: 1) the energy content of human milk
secreted and 2) the energy required to produce milk. Well-nourished lactating women can derive
part of this additional requirement from body fat stores accumulated during pregnancy
(FAO/WHO/UNU, 2004).

Energy deficiencies and excesses
Inadequate energy intake

By comparing the distribution of dietary energy supply with per caput energy requirements
in different countries, two types of food inadequacy measures are provided, namely the prevalence
and the intensity of food inadequacy. The prevalence measure is concerned with the proportion
and number of people who have inadequate access to food, i.e. whose access falls short of a
specified cut-off point; while the estimates of intensity, is to assess by how far access to food falls
short of requirement (FAQ, 1996).

Energy deficiency can be acute or chronic. Acute energy deficiency is by nature “episodic”,
and characterized by a state of negative energy balance, in which the energy expenditure is greater
than energy intake. Under these conditions, there is a progressive loss of body weight, along with
changes in the pattern of energy expenditure, in an attempt by the body to achieve a new but
lower plane of energy equilibrium. If the energy deficiency persists, further weight loss occurs
along with deterioration in health ultimately leading to death.

On the other hand, chronic energy deficiency (CED) is a “steady state”, due to inadequate
food energy over a lifetime. Individuals with CED could be in energy balance, although their
anthropometric parameters may be less than desirable. This state is achieved by the presence of
low body weight and fat stores, but the individual’s health is normal and the body’s physiological
function is not compromised to the extent that the individual is unable to lead an economically
productive life. There is good evidence to show that individuals with CED are less productive and
that the CED state is associated with higher morbidity and mortality. In addition, the steady state
referred to above must be appreciated as a theoretical one, subject to periodic fluctuations of
physiological and environment, such as the menstrual cycle and seasons. A high incidence of
LBW babies has been reported in mothers with low pre-pregnant body mass index (BMI). Milder
energy-nutrient deficiency leads to stunting, and is also associated with several functional and
behavioural consequences. From a population viewpoint, it is CED that is important to prevent and
address.



Recommended Nutrient Intakes
for Malaysia

14

Energy

Many factors impact significantly on energy intake and food availability. Environmental
factors, such as water resources, arable lands and climate change; government policy, economy,
as well as social culture may influence food intake (Turral, Burke and Faurés, 2011). Individual
factors, such as sociodemographic characteristics, acculturation, knowledge and skills, may also
be significantly associated with energy intake and food availability of individual (FNB, 2013).

Excess energy intake

Excessive energy intake and positive energy balance are conditioned by adequate availability
of food energy and a sedentary lifestyle, accompanied by marketing strategies which stimulate
over-consumption of highly palatable energy dense foods. Development in many societies in
transition is associated with the adoption of a “western” lifestyle. This process is shifting the
nutrition-related disease burden away from under-nutrition and towards death and disability
related to energy excess and positive energy balance.

Social factors, such as income, education, media or advertising, access to information and
cultural beliefs, biological factors associated to a genetic predisposition and metabolic changes
associated to diet and physical activity are the main conditioning factors linked to the rising
prevalence of positive energy balance and excessive energy stores. Environmental factors, such
as physical environment, including the workplace, school, housing area; safety, such as lighting,
maintenance of sports facilities, and perception about criminal rate; as well as availability of and
accessibility to facilities, such as gym, sports equipment or field, or the lack thereof, may also be
associated to positive energy balance and excessive energy stores (King & Sallis, 2009).

The non-fatal but debilitating health problems associated with chronic energy excess and
obesity include respiratory difficulties, chronic muscle-skeletal problems, skin problems and
infertility. The more life-threatening, chronic health problems fall into four main areas: (a)
condition associated with insulin resistance, namely diabetes mellitus type 2, (b) cardiovascular
problems including hypertension, stroke and coronary heart disease, (c) certain types of cancers
mainly the hormonal-related and large bowel cancers, and (d) gallbladder disease.

Dietary sources of energy

Energy for metabolic and physiological functions of humans is derived from the chemical
energy bound in food carbohydrates, fats, proteins and alcohol, which act as substrates or fuels.
Each of these macronutrients has numerous sub-types with specific attributes in terms of energy
delivery and potential health effects. The gross and metabolizable energy contents of
macronutrients in their natural forms are well established. The sources of energy is carbohydrates,
fat and protein with physiological fuel values of 4, 9, 4 kcal/g (16.7, 37.7, 16.7 kJ/g), respectively.
Ethanol has a caloric value of 7 kcal/g (29.3 kd/g). The energy value of a food or diet is calculated
by applying these factors to the amount of substrates determined by chemical analysis, or
estimated from appropriate food composition tables (FAO/WHO/UNU, 2004).
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The Joint WHO/FAOQ Expert Consultation on diet, nutrition and the prevention of chronic
diseases (WHO, 2003) recommends that contribution of macronutrients to total daily energy
intake (TEI) should be within these ranges: total carbohydrate 55 — 75%, total fat 15 — 30% and
protein 10 — 15%. On the other hand, the IOM (2002) calculated an acceptable macronutrient
distribution range (AMDR) for carbohydrate, fat and protein to be 45 — 65%, 20 — 35%, and 10
— 35% of energy, respectively. In 2005, the Technical Subcommittee on Energy and
Macronutrients had adopted the WHO (2003) recommendation with slight modifications for the
RNI Malaysia 2005, i.e. total carbohydrate 55 — 70%TElI, total fat 20 — 30 %TEI and protein 10 -
15%TEl. However, the TSC has reviewed more current evidence and recommends that
contribution of macronutrients towards total daily energy intake of the Malaysian adult population
should be as follows: carbohydrates 50 — 65%TEl, fat 25 — 30%TEI, and protein 10 — 20%TEI.

Factors affecting energy requirement

In view of the fact that energy requirement is determined from energy expenditure, it is
therefore affected by the factors that affect basal metabolic rate and physical activity, which are
the major components of energy expenditure. The FAO/WHO/UNU (1985) report has provided
details of these factors as discussed below. Some other factors affecting basal metabolic rate are
ethnicity, body composition, body size, the presence of disease, climate/temperature and altitude,
dietary composition, pregnancy, menstrual cycle, emotion, hormone, nutritional status,
drugs/medication and stimulants.

Age

The most important component of energy expenditure, the basal metabolic rate, depends on
the mass of metabolically active tissue in the body, the proportion of each tissue in the body, and
the contribution of each tissue to energy metabolism of the whole body. The changes in body
composition with age, therefore, markedly affect energy requirements, since some organs of the
body are much more metabolically active than others. Fat-free mass is known to be the most
variable factor that influences basal metabolic rate, accounting for approximately 50 - 70% of
variation within an individual. These differences in body composition in children and adults have
to be taken into account when calculating the energy requirement of a particular section of the
population. Basal metabolic rate declines by approximately 1 - 2% per decade after the third
decade of life (>30 years old), and declines even when body weight remains stable. There are
also altered activity patterns with age. Children become progressively more active once they are
able to crawl or walk while the physical activity pattern of adults are usually dominated by the
nature of their work.



Recommended Nutrient Intakes
for Malaysia

1.6

Energy

Sex

Men have a relatively greater muscle mass than women, which would tend to reduce their
BMR when expressed in terms of lean body mass, since muscle has a low metabolic rate.
However, the greater body fat content of women means that the observed BMR per unit total
body weight is somewhat lower in women. The energy demand for physical activity will often
depend on the different types of employment for men and women. In children, basal energy
expenditure on a weight basis differs little between pre-adolescent boys and girls, but since there
are differences in body weight and composition from the first few months of life, and different
physical demands is made on boys and girls, their energy requirements are considered separately.

Individual variations

In any assessments of the average requirement, both intra- and inter-individual variability
must be recognized. The former results from short-term fluctuations in energy intake and
expenditure. It has been suggested that within individual variations in intakes are more important
than between-individual variations, and that the observed inter-individual variations can largely
be explained in terms of the intra-individual variations. However, later evidence supports the
conclusion that within-subject variations in BMR are small and insignificant, even when energy
intake and physical activity are uncontrolled. It is also generally recognized that in a group of
apparently comparable people, there is much inter-individual variation in habitual energy
expenditure.

Population variations

The differences in BMR between populations of the world are equivocal. Some studies
showed 8-10% lower in the tropics while others suggested no difference in BMR between Indians
and Europeans provided the subjects were well nourished. Other evidence suggests that the
relationship between BMR and standard independent variables, such as age, sex and body size
may vary among populations including seasonal variations in BMR corresponding with diet and/or
temperature changes.

Setting requirements and recommended intake of energy

The proposed recommended energy intake for Malaysia is calculated based on the factorial
method suggested by FAO/WHO/UNU (2004). Although the basic principles set forth in the 1985
report have withstood the test of time, several modifications were proposed in the FAO/WHO/UNU,
(2004) report. The I0M (2002/2005) report on Dietary Reference Intakes for Energy was also
used as a reference by the Technical Sub-Committee (TSC) on Energy and Macronutrients.

The proposed recommendations also adopted EFSA's basis of using physical activity levels
of1.4,1.6, 1.8 and 2.0 to reflect low active (sedentary), moderately active, active and very active
lifestyles (EFSA, 2013); while BMR was calculated using the formulas shown in Table 1.3.
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Table 1.3: BMR formulas used in calculating Total Energy Expenditure (TEE)

Age group Males Females Reference
1-3years 0.249 W -0.127 0.244 W -0.130 Schofield (1985)
3-9years 0.095W +2.110 0.085 W +2.033 Schofield (1985)

aPoh et al. (2004);
10 - 12 years 0.0558 W + 3.1872 0.05444 W + 2.781° 'Poh et l, (1999)
13 - 18 years 0.0558 W +3.187 0.0534 W +2.182 Poh et al. (2004)
19 - 29 years 0.0550 W + 2.480 0.0535 W + 1.994 Ismail et al. (1998)
30 - 60 years 0.0432 W + 3.112 0.0539 W + 2.147 Ismail et al. (1998)
> 60 years 0.049 W + 2.459 0.038 W +2.755 Schofield (1985)

BMR is expressed in MJ/day, W= body weight in kg.

Infants

Whitehead, Paul and Cole (1981) compiled energy intakes of infants from the literature
between 1940 up to 1980. These data were later used by the FAO/WHO/UNU 1985 consultation
to estimate energy requirement of infant set at 5% higher than observed intakes to compensate
for underestimation of intake.

Since the 1980’s, even though information on BMR of infants were available, to estimate
requirements from multiples of BMR was not appropriate because reasonable allowance for
physical activity were undefined. The FAO/WHO/UNU (1985) recommendations were 9-39%
higher than those reported by Butte (1996). These discrepancies are not trivial and could lead to
overfeeding of infants. The current recommendations therefore adopted the FAO/WHO/UNU
(2004) principles.

The principle of calculating energy requirements from total energy expenditure (TEE) plus the
energy needs for growth applies to infants and children of all ages. TEE had been shown to have
good linear relationship with body weight (Butte et al., 2000). The TEE predictive equation for
breast-fed infants by Butte (2005) is as follows:

TEE (MJ/d) = - 0.635 + 0.388 W (kg)

This TEE formula is adopted for both breast-fed and formula-fed infants, as the equation for
formula-fed infants is considered to be no longer appropriate due to recent significant changes
in the composition of infant formula, whereby the protein to energy ratio is closer to human milk
(EFSA, 2013).
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Energy needs for growth comprises of two components; namely (i) the energy used to
synthesize growing tissues, and (ii) the energy deposited in those tissues. Hence, energy
requirements proposed for infant can be calculated by adding the energy deposited in growing
tissues (as shown in Table 1.2) to TEE.

Energy requirement for infants

Boys 0- 2months 470 kcal/day  or 1.97 MJ/day
3- 5months 540 kcal/day  or 2.28 MJ/day
6 - 8 months 630 kcal/ day or 2.65 MJ/day
9-11 months 720 kcal/day  or 3.02 MJ/day
Girls 0- 2months 420 kcal/day  or 1.75 MJ/day
3 - 5 months 500 kcal/ day or 2.11 MJ/day
6- 8 months 570 kcal/day  or 2.39 MJ/day
9-11 months 660 kcal/day  or 2.74 MJ/day

Children and adolescents

There was very little information available in 1981 on total energy expenditure (TEE) of
children. The paucity of information on time allocated to different activities and energy cost of such
activities, did not allow reliable estimates of TEE in children below 10 years of age. Consequently,
estimates of energy requirements for 1-10 years old were derived from a review of published
dietary intake data involving some 6,500 children, mostly from developed countries (Ferro-Luzzi
& Durnin 1981). The FAO/WHO/UNU (1985) Consultation felt the need to increase the reported
energy intake by 5% to accommodate a desirable level of physical activity.

The estimation of energy requirements is based on energy expenditure expressed as
multiples of BMR rather than energy intake data (FAO/WHO/UNU, 2004). BMR for boys and girls
of a given age and weight were predicted with the mathematical equations derived by Schofield
(1985). The additional energy expended during the day was calculated based on the assumed
energy cost of activities performed by the children and adolescents in developing countries. Extra
allowance for growth was assumed to be 5.6 kcal (23.4 kJ) per gram of expected weight gain. This
corresponds to about 3%, of the daily energy requirement at 1 year of age, with a gradual decrease
to about 1% at 15 years (Torun et al., 1996).

According to the FAO/WHO/UNU (2004) method of estimating energy requirements for
children and adolescents, energy needs of children and adolescents were also calculated from
measurements of energy expenditure and the energy needs of growth. Torun (2001) analysed a
large number of studies on TEE, growth and habitual activity pattern of children and adolescents
in different parts of the world for the FAO/WHO/UNU expert consultation. Studies using either
doubly-labelled water (DLW) or heart-rate monitoring (HRM) were included in the evaluation.
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As mentioned earlier, the energy needs for growth comprises that used to synthesize growing
tissues and energy deposited in those tissues. The energy spent in tissue synthesis is part of TEE
measured with either DLW or HRM. Hence, only the energy deposited in growing tissues was
added to TEE in order to calculate energy requirements (FAO/WHO/UNU, 2004).

The EFSA (2013) Scientific Opinion on Dietary Reference Values for Energy adopted the
equation of Henry (2005) for estimation of resting energy expenditure (REE) and the following PAL
values: 1.4 for the 1-3 years age group; 1.4, 1.6 and 1.8 for >3-<10 years; and 1.4, 1.6, 1.8 and
2.0 for 10-18 years. Energy expenditure for growth is accounted for by a 1% increase in PAL
values for each age group.

The proposed recommendations adopted the FAO/WHO/UNU (2004) method for estimating
energy requirements, and employed the PAL values suggested by EFSA (2013) in its calculations.
For children aged 1-9 years, BMR was calculated based on Schofield (1985). For adolescents
aged 10 - 18 years, the BMR values was calculated from Poh et al. (2004), and Poh et al. (1999)
for girls aged 10 - 12 years. Body weights used for calculation of BMR was from WHQO (2006;
2007) median weight-for-age for children up to 10 years, and weight equivalent to WHO (2007)
median BMI-for-age calculated based on median height from the National Health and Morbidity
Survey (NHMS) 2015 for adolescents aged 10 years and above. The energy intakes recommended
by the TSC for each group are shown by age groups in each subtopic below and summarized in
Table 1.4.

Table 1.4: Energy Requirements for Children and Adolescents in kcal/day (MJ/d)

Boys Girls

Low Moderately . Very Low Moderately . Very
Active Active S Active Active Active S Active

PAL 1.4 PAL 1.6 PAL1.8 PAL 2.0 PAL 1.4 PAL 1.6 PAL 1.8 PAL 2.0

Children
1-3years 980 900
(4.12) (3.78)
4 - 6 years 1300 1490 1670 1210 1380 1560
(5.44) (6.22) (7.00) (5.06) (5.79) (6.51)
7 -9years 1530 1750 1970 1410 1610 1810
(6.40) (7.31) (8.22) (5.88) (6.72) (7.56)

Adolescents
10 - 12 years 1690 1930 2170 2420 1500 1710 1920 2140
(7.08) (8.09) (9.10) (10.11) (6.26) (7.15) (8.05) (8.94)
13 - 15years 1930 2210 2480 2760 1580 1810 2040 2260
(8.08) (9.24) (10.39)  (11.55) (6.62) (7.57) (8.52) (9.46)
16 - 18 years 2050 2340 2640 2930 1660 1890 2130 2370
(8.58) (9.81) (11.04)  (12.26) (6.94) (7.93) (8.92) (9.91)

Note: For children aged 4 — 6 years, similar to those aged 1 — 3 years, PAL 1.4 is recommended for the general
population. For children aged 7 years and above, PAL of 1.6 (i.e. moderately active) is recommended for the
general population. For individuals, energy recommendation should be based on individual PAL.
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Adults and elderly

The FAO/WHO/UNU Expert Consultation (1985) adopted the principle of relying on estimates
of energy expenditure rather than energy intake from dietary surveys to estimate the energy
requirements of adults. Since the largest component of total energy expenditure (TEE) is the
BMR, which can be measured with accuracy under standardised conditions, the 1985 Report
adopted in principle for the sake of simplicity, all components of TEE as multiples of BMR also
known as PAL approach. Besides BMR, other components of energy expenditure such as
occupational activities, discretionary activities and residual time have been identified and evaluated
to derive total energy requirements.

The FAO/WHO/UNU (2004) report maintained the 1985 Expert Consultation’s principle of
using estimates of energy expenditure to estimate the energy requirements of adults. The use of
techniques such as DLW and HRM confirmed the large discrepancy of TEE among adults and
hence of energy requirements, that was previously reported by time-motion studies. Growth is
no longer an energy-demanding factor in adulthood, and BMR is relatively constant among
population groups of a given age and gender. Consequently, habitual physical activity and body
weight are the main determinants for the diversity in energy requirements of adult populations
with different lifestyles.

TEE was estimated though factorial estimation that combined the time allocated to habitual
activities, and the energy cost of those activities. To account for differences in body size and
composition, the energy cost of activities was calculated as a multiple of BMR per minute, or
physical activity ratio (PAR), and the 24-hour requirement was expressed as a multiple of BMR
per 24 hours, by using the physical activity level (PAL) value. Energy requirements are calculated
by multiplying the PAL value by the energy equivalent of the corresponding BMR.

The EFSA, (2013) Scientific Opinion on Dietary Reference Values for Energy adopted the
equation of Henry (2005) for estimation of resting energy expenditure (REE) of adults and the PAL
values of 1.4 1.6, 1.8 and 2.0 to reflect low active (sedentary), moderately active, active and very
active lifestyles, respectively. The REE was calculated based on individual body heights measured
in nationally representative surveys in 13 EU countries, and corresponding individual body masses
calculated to yield a BMI of 22 kg/m2.

The TSC recommendation for energy requirements for adults and elderly are based on PAL
values of 1.4, 1.6, 1.8 and 2.0 and the body weight equivalent to BMI 22.0 calculated based on
NHMS 2015 median height. The BMR for adult Malaysians (19-59 years) is derived from local
studies (Ismail et al., 1998); while for the elderly =60 years, the Schofield (1985) equations were
used (Table 1.5).
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Table 1.5: Energy Requirements for Adults and Elderly in kcal/day (MJ/d)

Low Active Moderately Active Active Very Active
PAL1.4 PAL 1.6 PAL1.8 PAL 2.0

Males
19 - 29 years 1960 (8.20) 2240 (9.37) 2520 (10.54) 2800 (11.71)
30 - 59 years 1920 (8.02) 2190 (9.17) 2470 (10.31) 2740 (11.46)
> 60 years 1780 (7.43) 2030 (8.49) 2280 (9.55) 2540 (10.61)
Females
19 - 29 years 1610 (6.75) 1840 (7.72) 2080 (8.68) 2310 (9.65)
30 - 59 years 1660 (6.94) 1900 (7.94) 2130 (8.93) 2370 (9.92)
> 60 years 1550 (6.49) 1770 (7.42) 1990 (8.34) 2220 (9.27)

Note: For adult and elderly age groups, PAL of 1.6 (i.e. moderately active) is recommended for the general
population. For individuals, energy recommendation should be based on individual PAL.

The requirements for groups with different body weights and level of physical activity are
shown in Appendix 1.1 - 1.4. It must however be emphasized that these values are intended to
be general guidelines. It may be useful to make adjustments according to the characteristics of
the population concerned.

Pregnancy

The FAO/WHO/UNU (1985) recommendations for pregnancy were based on a general
acceptance that total energy needs of pregnancy were estimated at 335MJ (80,000 kcal) or about
1.2 MJ or 285 kcal/day. Most reports published after 1985 have recommended lower increments
at 0.84 MJ/day or 200 kcal/day for healthy women with reduced activity (Prentice et al., 1996).

Dietary intake during pregnancy must provide the energy that will result in the full-term
delivery of a healthy newborn baby of adequate size and body composition. The ideal situation is
that women enter pregnancy with a healthy body weight (within the normal BMI range) and good
nutritional conditions. Therefore, the energy requirements of pregnancy are those needed for the
growth of the fetus, placenta and associated maternal tissues, and for the increased metabolic
demands of pregnancy, in addition to the energy needed to maintain adequate maternal weight,
body composition and physical activity throughout the gestational period. Special considerations
must be made for women who are under- or overweight when they enter pregnancy as they are
at risk of poor maternal and fetal outcomes (Han et al. 2011; McDonald et al. 2010).

Additional energy requirements for pregnancy arises from increases in maternal and feto-
placental tissue mass, the rise in energy expenditure attributable to increased BMR and changes
in the energy cost of physical activity. Gestational weight gain is the major determinant of
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incremental energy needs during pregnancy (SACN, 2011). The extra amount of energy required
during pregnancy was calculated in association with a mean gestational weight gain of 12 kg by
using factorial approaches (FAO/WHO/UNU, 2004), with the assumption that pre-pregnancy BMI
is within the healthy range. Presently, there are an increasing proportion of women entering
pregnancy at a weight exceeding healthy range; and for those who are obese, gestational weight
gain must be closely monitored and their additional energy requirement during pregnancy should
be modified accordingly.

The proposed recommendation adopts FAO/WHO/UNU (2004) recommendations with slight
adjustment, and is similar also to EFSA (2013) recommendations.

Additional energy requirements during pregnancy

1st trimester + 80 kcal/ day or +0.33 MJ/day

2nd trimester + 280 kcal/ day or +1.17 MJ/day

3rd trimester + 470 kcal/ day or +1.97 MJ/day
Lactation

The FAO/WHO/UNU (1985) recommendation for lactation were based on the median milk
consumption of breast-fed Swedish infants for the first 6 months. It was assumed that milk energy
was 2.9 kd/g or 0.7 kcal/g and the efficiency of conversion of dietary to milk energy was 80%.
Further more, it was assumed that the average women would start lactation with 150MJ (36,000
kcal) of additional fat reserves laid down during pregnancy and that these would be used to
subsidize the cost of lactation over the first 6 months thus yielding about 0.84MJ/day or 200
kcal/day (Prentice et al., 1996).

The energy requirement of a lactating woman is defined as the level of energy intake from
food that will balance the energy expenditure needed to maintain a body size and composition, a
level of physical activity, and a breast milk production, which are consistent with good health for
the woman and her child, and that will allow performing economically necessary and socially
desirable activities. To operationalize this definition, the energy needed to produce an appropriate
volume of milk must be added to the woman’s habitual energy requirement, assuming that she
resumes her usual level of physical activity soon after giving birth. The energy cost of lactation
is determined by the amount of milk that is produced and secreted, its energy content, and the
efficiency with which dietary energy is converted to milk energy.

Postpartum loss of body weight is usually highest in the first three months, and generally
greater among women who practice exclusive breastfeeding, but the extent to which energy is
immobilized to support lactation depends on the gestational weight gain and the nutritional status
of the mother. Thus, the recommendations for lactating women to a large part depend on the
women’s nutritional status.
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For women who feed their infants exclusively with breast milk during the first six months of
life, the mean energy cost over the six month period is 2.8 MJ/day (675 kcal/day) calculated
based on mean milk production of 807g milk/ day x energy density of milk of 2.8 kJ/day at 0.80
energetic efficiency of milk. Fat stores accumulated during pregnancy may cover part of the
additional energy needed in the first few months of lactation. Assuming an energy factor of 27.2
MJ/kg, the rate of weight loss in well-nourished women (0.8 kg/month) would correspond to the
mobilization of 27.2 x 0.8 kg/month = 21.8 MJ/month, or 0.72 MJ/day (170 kcal/day) from body
energy stores (Butte & King 2005). This amount of energy can be deducted from the 2.8 MJ (675
kcal) per day needed during the first six months of lactation, thus reducing the additional energy
requirement during lactation to 2.1 MJ/day (500 kcal/day). However, this will vary depending on
the amount of fat deposited during pregnancy, as well as the lactation pattern and duration.

From the age of six month onwards, when infants are partially breast-fed and milk production
is on average 550 g/day; hence, the energy cost imposed by lactation is 1.925MJ/day (460
kcal/day). Volumes of breast milk secreted during this stage are highly variable as they depend
on the rates of milk production, which varies among women and populations (FAO/WHO/UNU,
2004) as well as the infant’s energy intake from complementary foods (EFSA, 2013). Thus,
recommendation on additional energy intake for women lactating beyond the first six months
after birth is not proposed here. Energy intake required to support breastfeeding during the second
six months will be modified by maternal body composition and the breast milk intake of the infant.

The proposed recommendation adopts the FAO/WHO/UNU (2004) recommendation, which
is the same as EFSA (2013) recommendation.

Additional energy requirements during lactation

First 6 months  + 500 kcal/ day or +2.09 MJ/day

Discussions on Revised Energy Requirements for Malaysia

The recommendations of the TSC on Energy and Macronutrients for energy requirements for
Malaysians according to life stages are shown in Table 2.6. The requirements were derived based
on the principles suggested in the FAO/WHO/UNU (2004) report using reliable measurements of
total energy expenditure obtained from various age-groups as well as in special physiological
status such as pregnancy and lactation. To derive requirements, the body weights were obtained
from WHO references based on local median height data and the physical activity level (PAL)
values adopted from the EFSA (2013) recommendation for energy. With the exception of
adolescents and adults for which local data are available, all BMR values were adopted from the
Schofield (1985) as per recommended by the FAO/WHO/UNU report.

The recommended energy requirements for Malaysia (2017) are compared to the previous
energy recommendations for Malaysia (NCCFN 2005), as well as the reports of IOM (2002/2005)
and FAO/WHO/UNU (2004) (Appendix 2.10). For infants, the revised energy requirements has
been done for four 3-monthly age groups instead of two 6-monthly age groups; and as such were
not directly comparable to the 2005 recommendations. For toddlers aged 1 - 3 years, the revised
energy recommendations are very similar to RNI 2005.
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For children and older age groups, the main difference with the 2005 energy
recommendations is that the current recommendations are made for various levels of physical
activity, namely low active (PAL 1.4), moderately active (PAL 1.6), active (PAL 1.8) and very active
(PAL 2.0). For the purpose of comparison, moderate level of activity (PAL 1.6) was selected. The
revised energy requirements are generally lower than RNI 2005 by about 8 - 18%, and this is
especially obvious for the adolescents and adults age groups. In children and elderly, the
differences are much smaller at between 1 - 10%.

For pregnancy and lactation, the current energy recommendations are made in line with the
FAO/WHO/UNU (2004) report and EFSA (2013); which is very similar to the 2005
recommendations. However, the current recommendations also cover additional energy
requirements for women in their first trimester of pregnancy, whereas the 2005 RNI did not have
any energy recommendations for this group of women.

Several studies have revealed that most Malaysians maintained energy balance on a low
intake while leading a sedentary lifestyle (Ismail et al., 2002; Poh et al., 2010). The increasing trend
in overweight and obesity in urban and rural areas is an indication that it is critical to revisit the
2005 energy recommendation that was made based on PAL 1.75. The current recommendations
provide for people with various levels of physical activity, from low to very active.
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1.7 Research recommendations
The following priority areas of research are recommended:

e Data on physical activity levels of different activities (duration, intensity and frequency) in all
age groups.

*  More basal metabolic rate measurements using strict criteria in order to generate predictive
equations in all age groups, particularly in children under 10 years and in the elderly above
60 years of age.

*  To determine whether ethnicity or habitation in a tropical environment influences BMR.

e Critical re-assessment of available data, particularly on the extent of intra- and inter-individual
variability.

e Use doubly-labelled water method to validate other conventional techniques in estimating
energy expenditure, particularly in infant, children and adolescents.

e There is a need to update and expand data bank on the energy cost of a range of activities
undertaken in real-life conditions by children and adults.
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Appendix 1.1 Schofield equations for predicting basal metaholic rate from body weight

A!(’:e;ar:?e No. kcal/ day s.e.e.? MJ/ day s.e.e.?
Males
0-3 162 59.512 W - 30.4 70 0.249 W -0.127 0.292
3-10 338 22.706 W + 504.3 67 0.095W +2.110 0.280
10-18 734 17.686 W + 658.2 105 0.074 W + 2.754 0.411
18-30 2879 15.057 W + 692.2 153 0.063 W + 2.896 0.641
30-60 646 11.472 W + 873.1 167 0.048 W + 3.653 0.700
>60 50 11.711W + 587.7 164 0.049 W + 2.459 0.686
Females
0-3 137 58.317 W-31.1 59 0.244 W -0.130 0.246
3-10 413 20.315 W + 485.9 70 0.085 W +2.033 0.292
10-18 575 13.384 W + 692.6 111 0.056 W + 2.898 0.466
18-30 829 14.818 W + 486.6 119 0.062 W +2.036 0.497
30 - 60 372 8.126 W + 845.6 111 0.034 W +3.538 0.465
> 60 38 9.082 W + 658.5 108 0.038 W +2.755 0.451

W= body weight in kg
TFAO/WHO/UNU (2004); Schofield (1985)
astandard error of estimate

Appendix 1.2 BMR predictive equations for adult Malaysians?

Age group (years) Formula r SE Mean
Male

18-30 0.0550 W +2.480 0.644 0.0363

30-60 0.0432 W + 3.112 0.501 0.0189
Female

18-30 0.0535 W +1.994 0.511 0.0263

30-60 0.0539 W + 2.147 0.519 0.0200

BMR is expressed in MJ/day, W= body weight in kg.
"Ismail et al., (1998)
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Appendix 1.3 BMR predictive equations for Malaysian adolescents aged 10 — 15 years’

No. of
Age groups Regression equations data r s.e.?
points
Boys
11 years BMR = 86.42 W + 2097 83 0.62 390
12 years BMR =93.45 W + 1899 108 0.64 431
13 years BMR =79.75 W + 2377 109 0.66 393
14 years BMR = 74.65 W + 2487 56 0.54 429
11 -15years BMR = 80.38 W + 2319 360 0.70 417
Girls
10 years BMR =75.29 W + 2118 55 0.62 329
11 years BMR =76.66 W + 2124 118 0.66 365
12 years BMR =52.46 W + 2846 103 0.47 400
13 years BMR =50.86 W + 2736 70 0.43 392
10 - 14 years BMR =54.44 W + 2781 353 0.52 405

BMR is expressed in kd/day, W = body weight in kg
" Poh et al. (1999)
astandard error

Appendix 1.4 BMR predictive equations for Malaysian adolescents aged 12 — 18 years’

No.
Groups Regression equations of data r s.e.e.?
points
Boys BMR = 55.8W + 3187 269 0.54 605
Girls BMR = 53.4W + 2182 303 0.50 498
Combined BMR =54.9W + 1119.6S + 2116 572 0.81 551

BMR is expressed in kd/day, W = body weight in kg, S = sex: where 1 = female, 2 = male
1 Poh et al. (2004)
astandard error of estimate
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Appendix 1.5 Oxford equations for predicting BMR'

Ag(;:e;arg?e MJ/ day kcal/ day SE: n r
Males
0-3 0.255 W-0.141 61.0 W-33.7 0.255 277 0.954
3-10 0.0937 W +2.15 23.3W +514 0.328 289 0.827
10-18 0.0769 W +2.43 18.4 W + 581 0.566 863 0.861
18-30 0.0669 W +2.28 16.0 W + 545 0.652 2821 0.760
30-60 0.0592 W +2.48 14.2 W + 593 0.693 1010 0.742
> 60 0.0563 W +2.15 13.5W+514 0.685 534 0.776
Females
0-3 0.246 W - 0.0965 58.9W +23.1 0.242 215 0.960
3-10 0.0842 W +2.12 20.1 W + 507 0.360 403 0.820
10-18 0.0465 W +3.18 11.1 W + 761 0.525 1063 0.752
18-30 0.0546 W +2.33 13.1 W + 558 0.564 1664 0.700
30-60 0.0407 W +2.90 9.74 W + 694 0.581 1023 0.690
> 60 0.0424 W +2.38 10.1 W + 569 0.485 334 0.786
W= body weight in kg
"Henry (2005)
@ standard error
Appendix 1.6 Examples of various activities based on MET values
Activities METs
Sleeping 1.0
Sitting quietly and watching television 1.3
Sitting at a desk 1.3
Standing quietly, standing in a line 1.3
Sitting, listening to music or watching a movie in a theatre 1.5
Sitting, in class-including note-taking or class discussion 1.8
Standing, reading 1.8
Fishing from boat or canoe - sitting 2.0
Upper body exercise- arm ergometer 2.8
Therapeutic exercise ball - Fitball exercise 2.8
Cooking, washing dishes, cleaning up - moderate effort 3.3
Walking, for pleasure, work break 3.5
Bicycling - leisure, 5.5 mph 3.5
Cleaning, sweeping - slow, moderate effort 3.8
Lawn and garden picking fruit off trees, gleaning fruits, picking fruits/ vegetables 4.5
Rock climbing, rappelling 5.0
Softball or baseball, fast or slow pitch, general 5.0
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Activities METs

Tennis, hitting balls, non-game play, moderate effort 5.0
Volleyball, competitive, in gymnasium 6.0
Resistance training (weight lifting, free weight, nautilus or universal), power lifting 6.0
or body building, vigorous effort

Track and field (e.qg., high jump, long jump) 6.0
Teaching exercise class (e.g., aerobic, water) 6.8
Dancing aerobic 7.3
Bicycling leisure, 9.4 mph 8
Running, 5 mph (12 min/ mile) 8.3

Source: Ainsworth et al., (2011)
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2.1

2.2

2 ¢ Protein

Introduction

Protein is one of the major components of body tissues and an essential nutrient for
growth. Aside from water, proteins form a major part of lean body tissues, constituting about
17% of the body weight. Amino acids are the building blocks for proteins, joined together by
peptide bonds between the carboxyl and the amino group of the next amino acid in line (EFSA
2015). Protein in the diet and the body are associated with a number of vitamins and minerals
and are more complex and variable than other energy sources such as fat and carbohydrate.
Protein is available from a variety of foods and is ample in the Malaysian diet.

The body’s fluids are contained within cells (intracellular) and outside the cells
(extracellular). Extracellular fluids are found either in the spaces between cells (interstitial) or
within blood vessels (intravascular). Wherever proteins are, they attract water and this helps to
maintain the fluid balance in their various compartments.

There are two kinds of amino acids; essential and non-essential amino acids. Essential
amino acids are defined as those that the body is unable to synthesize from simple molecules.
They include histidine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan and
valine. Cysteine and tyrosine can partly replace methionine and phenylalanine, respectively.
Under certain extreme physiological conditions, such as in prematurity or during some catabolic
ilinesses, the non-essential amino acids arginine, cysteine, glutamine, glycine, proline and
tyrosine may be required in the diet. Under normal conditions, glutamine, glutamate or aspartate
can supply arginine; methionine and serine can be converted to cysteine; glutamic acid and
ammonia can be converted to glutamine; serine or choline can supply glycine; glutamate can
provide proline; and phenyl-alanine can be converted to tyrosine. These amino acids are
sometimes termed conditionally essential. Alanine, aspartic acid, asparagine, glutamic acid and
serine are non-essential amino acids. Amino acids act as precursors for many coenzymes,
hormones, nucleic acids and other molecules (Wu, 2016).

After ingestion, proteins are denatured by acid in the stomach and cleaved to smaller
peptides. A number of gut enzymes including trypsin, chymotrypsin, elastase and carboxy-
peptidase complete the process. The free amino acids and small peptides that result are
absorbed into the mucosa by a specific carrier system. After intracellular hydrolysis of absorbed
peptides, free amino acids are secreted to the portal blood where some of the amino acids are
taken up and the remainder pass into systemic circulation for delivery to and to be used by
peripheral tissues.

Functions

The primary roles for proteins in the body include being structural proteins, enzymes,
hormones, transport proteins and immunoproteins. The maintenance of body tissues is
essential because the body is constantly undergoing wear and tear, and proteins and amino
acids provide continuous repairs. Proteins are important for the formation of regulatory
compounds. Some hormones, all enzymes, and most other regulatory materials in the body are
protein substances. Proteins defend the body against diseases. When the body detects invading
antigens, it manufactures antibodies, which are large protein molecules designed specifically
to combat them. The antibodies work so swiftly and efficiently that in normal, healthy



Recommended Nutrient Intakes
for Malaysia

2.3

Protein

individuals, most diseases never have a chance to get started. In addition, proteins help maintain
the balance between acids and bases within the body fluids by accepting and releasing hydrogen
ions. Even though proteins are needed for growth, maintenance and repair, they will be used to
provide glucose when the need arises (Stephenson & Schiff, 2016).

Metabolism

Protein metabolism comprises the processes that regulate protein digestion, amino acid
metabolism and body protein turnover. These processes include the absorption and supply of
both essential amino acids and non-essential amino acids, de novo synthesis of essential amino
acids, protein hydrolysis, protein synthesis, and amino acid utilisation in catabolic pathways or
as precursors for nitrogenous compounds (EFSA, 2015). The main pathway of amino acid
metabolism is protein synthesis.

Digestion and Absorption

Digestion begins in the mouth with chewing, leading to food disruption and hydration/
solubilisation of the proteins. Once swallowed, the protein digestion process starts in the
stomach through the action of the enzyme pepsin, which is in acidic medium, cleaves proteins
into smaller peptides. The proteins then enter the small intestine and are further hydrolysed by
pancreatic and intestinal enzymes. Lastly, non-digested proteins from dietary or endogenous
origins reach the large intestine where they undergo important hydrolysis by microflora, which
releases the amino acids, peptides and metabolites. Two major mechanisms are involved in the
absorption of the luminal products of protein digestion: (1) transport of liberated free amino
acids by group specific active amino acid transport systems, and (2) uptake of unhydrolysed
peptides by mechanisms independent of the specific amino acid entry mechanisms (Silk,
Grimble & Rees, 1985).

Storage and excretion of protein

Excessive amounts of amino acid in the body will be converted into ammonia, a highly
toxic compound, through the deamination process, which mainly occurs in the liver. This is
because there is no specific storage of amino acids, the metabolites of proteins, in the body,
either in the muscle or other tissues.

In the liver, ammonia is converted into urea, a metabolic waste product, and released into
the bloodstream. The kidneys pick up the waste products of amino acids, which include urea,
a small amount of ammonia and creatinine. These products are eliminated from the body
through urine excretion. The remaining carbon skeleton of amino acids after the deamination
process is used for energy or converted to other compounds, such as glucose.

Nitrogen loss from the body is mainly through urine excretion. It can also be removed
by the body through removal of nails, hair or dead skin. Besides, amino acids can be excreted
in the faeces, at approximately 25% to 30% of total amino acid losses, or by metabolic
oxidation, which is about 70% to 75% of total amino acid losses or through breastfeeding
(EFSA, 2015).
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To some extent, the liver or kidneys may be able to use the excess amino acids to
produce glucose through the process of gluconeogenesis. The glucose product of
gluconeogenesis will be synthesized into glycogen, a multi-branched polysaccharide of glucose
that serves as a form of energy storage. Glycogen can be broken down into glucose through
the process of glycogenolysis, and the resulting glucose molecules are then released into the
bloodstream for other cells to use. However, some excessive amounts of amino acids, such as
leucine and tryptophan, are in the ketogenic form, and cannot be converted directly into glucose.
Ketogenic amino acids have carbon skeletons that can be converted into acetyl-coA. If the
acetyl-coA molecules derived from ketogenic amino acids do not enter the citric acid cycle,
they will be used for the fatty acid synthesis (Stephenson & Schiff, 2016).

Nutrient interactions with protein

Most of the proteins like enzymes, which are produced in the liver, remain in the liver.
However, some of the proteins are released into the plasma. The proteins found in plasma
include primarily glycoproteins, simple proteins and lipoproteins. Albumin is the most abundant
of the plasma proteins. A healthy person normally produces approximately 9 to 12 g albumin
daily. The main roles of plasma albumin are to maintain intravascular oncotic (colloid osmotic)
pressure and facilitate transportation of substances. These substances include fatty acids,
tryptophan, zinc, calcium, and copper, vitamins such as vitamin B6, lipid-soluble hormones
and some drugs like warfarin, phenobutazone and clofibrate (Hankins, 2006).

Meanwhile, globulins, a family of globular proteins, act as protein transporters and
antibodies for nutrient transport and blood clotting. Some of the globulins are produced in the
liver, while some are produced by the immune system. Globulins exist in several classes,
including a-1-globulins (such as glycoproteins and high-density lipoprotein), a-2-globulins
(glycoproteins, haptoglobin, ceruloplasmin, prothrombin and very-low-density lipoproteins),
B-globulins (transferrin and low-density lipoproteins), and y-globulins (immunoglobulins or
antibodies) (Gropper & Smith, 2013). Different classes of lipoproteins play important roles in
transporting cholesterol and triglycerides in the blood stream, while haptoglobin is used for
free hemoglobin transport, ceruloplasmin for copper transport and oxidase activity, and
transferrin for iron and other mineral transport.

In addition, there are two other protein transporters synthesized by the liver and released
into plasma namely, transthyretin (TTR, also called prealbumin) and retinol-binding protein
(RBP). Transthyretin (TTR) is a transport protein in the serum and cerebrospinal fluid that
carries the thyroid hormone thyroxine (T4). The RBP enables retinol to enter and leave the liver
for several times per day in a process of retinol recycling. The RBP is useful for retinol circulation
and protects cells from the damaging effects of free retinol or retinoic acid.

Some vitamins and minerals, such as vitamin B6, folate, and phosphorus are involved
in amino acid metabolism. For instance, vitamin B6 (as part of pyridoxal phosphate, PLP), is
involved in the conversion of the amino acid tryptophan to niacin and the transamination
reactions that form nonessential amino acids, such as aspartate, glutamate and alanine. Glycine
is formed from serine in the presence of two cofactors from vitamin B6 (as PLP) and folate (as
part of tetrahydrofolate, THF) (Gropper & Smith, 2013).
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The body is able to utilise amino acids to form nitrogen-containing compounds known
as amino acid derivatives e.g. carnitine. Carnitine is important in transporting fatty acids,
especially long-chain fatty acids, across the inner mitochondrial membrane for oxidation
process.

Food Sources

Proteins in human diet are derived from two main sources, namely animal proteins (e.g.
fish, poultry, meat, egg and milk) and plant proteins (e.g. pulses, cereals, nuts, beans and soy
products). List of protein food sources by weight is shown in Table 2.1. Animal proteins are
more “biologically complete” than vegetable proteins with regards to their amino acid
composition. The term “complete proteins” refers to foods that contain all the essential amino
acids needed by the body, whereas, incomplete proteins refers to foods lacking in one or more
essential amino acids. However, an incomplete protein can be converted into a complete protein
if two incomplete proteins are added together by employing what is called “complementarity of
proteins”. Two plant proteins, such as legumes and grains, or legumes and nuts/seeds, can be
mixed to produce a complete protein from two incomplete ones.

Animal proteins

Meat, poultry and seafood are the main types of complete proteins with an almost similar
amount of protein content among them. Milk is not only a valuable source of protein, but also
a rich source of calcium and vitamins. A glass (250 ml) of fresh whole milk contains about 8.5
g of protein. In addition, non-fat dry milk or fortified skim milk contains equivalent amount of
proteins and other nutrients to whole milk. Dairy products, such as cheese and ice cream, can
provide generous amounts of protein in the diet. Breast milk is not only a complete protein, but
also a complete food for infants up to 6 months of age. Egg is a complete protein with excellent
quality; one egg will give 6 g of protein. The egg yolk contains protein, fat and cholesterol, while
egg white contains mostly protein with no fat or cholesterol.

Plant proteins

Most proteins from plant sources are incomplete proteins and contain smaller amounts
of proteins than animal sources. However, legumes are an exception: peas, lentils, beans,
chickpeas, lima beans, soybeans and peanuts have large amounts of proteins in their seeds.
Although proteins from legumes are not equal in quality with animal proteins, they can be an
adequate substitute if they are eaten in combination with other foods.
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Table 2.1: Protein contents of foods

Protein

Foods Protein (g/100g)
a. Legumes and seeds
Chickpea, cooked 20.4
Yellow dhal, cooked 19.2
Soyabean cake, fermented 15.9
Soyabean curd, Tau-kua 10.9
Soyabean curd, Tau-hoo 7.2
Soyabean milk, unsweetened 3.7
b. Meat and poultry
Liver, Gizzard (chicken) 25.0
Beef (lean) and beef burger patty 22.6
Liver (0x) 21.0
Goat (lean) 20.8
Mutton (lean) 20.1
Chicken frankfurter 18.5
Chicken, breast 18.3
Beef frankfurter 18.2
Chicken burger patty 18.0
Pork (lean) 16.5
Lung (ox) 15.7
Chicken, thigh 13.3
Duck egg 12.9
Duck, breast 11.4
Hen egg 1.1
Quail egg 10.3
Chicken, wing 7.6
c. Fish and seafood
Anchovy, dried, whole 50.0
Travelly, yellow-banded 15.3
Mackerel, Spanish 15.2
Cuttlefish, fresh 14.5
Fish balls 12.7
Fish crackers, fried 124
Scad, hairtail 121
Prawn, pink 11.4
Mackerel, Indian 11.3
Sardine 10.6
Bream, African 9.6
Cockles, boiled 8.5
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Foods Protein (g/100g)
d. Milk and milk products
Milk, powder (Instant, full cream and skim 25.7
Cheese, processed, cheddar 21.7
Milk, sweetened condensed 8.4
Milk, evaporated 7.7
Milk, UHT, low fat, recombined (g/100 ml) 41
Cow’s milk, fresh (g/100 ml) 3.2
Yogurt, apricot flavor 3.1

Source: Tee et al., (1997).
2.5 Deficiencies and Excesses
Protein deficiency

Protein deficiency is usually accompanied by a deficiency of calories and other nutrients.
The effects of protein loss during illness, injury and intense physical training can result in
negative nitrogen balance, which can increase protein metabolism, and lead to muscle wasting,
anemia and retarded recovery. A lowering of serum protein level and hormonal changes may
result in oedema, and reduced production of antibodies leading to increased susceptible to
infections.

Protein-deficient diets are in general nutrient-poor diets, deficient to varying degrees in
a range of other nutrients, and also often associated with other environmental factors that can
adversely influence health (WHO/FAO/UNU, 2007).

Malnutrition remains one of the most devastating problems faced by the majority of the
poor and needy countries (WHO, 2000). The World Health Organization (WHO, 1993) defines
malnutrition as "the cellular imbalance between the supply of nutrients and energy and the
body's demand for them to ensure growth, maintenance, and specific functions." The term
protein-energy malnutrition (PEM) applies to a group of related disorders that include
marasmus, kwashiorkor and intermediate states of marasmus-kwashiorkor. Marasmus involves
inadequate intake of protein, calories and other nutrients for a prolonged period whilst
kwashiorkor refers to inadequate protein and energy intake with oedema. This condition is
common among vulnerable young children.

The elderly is a vulnerable group undergoing physiological changes, and may be
experiencing dental problems and difficulty in swallowing, which can lead to eating problems
and malnutrition (Hickson, 2006). Protein intake ratio to total energy for the elderly is higher
compared to adults, placing the elderly at risk of protein deficiency.

People who are most at risk of inadequate protein intake include those on strict vegan
diets, with multiple food allergies, and those with limited e access to food.
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Protein Excesses

The WHO/ FAO/ UNU (2007) Expert Consultation mentioned several potential adverse
effects of overconsumption of proteins and amino acids. It is prudent for adults to avoid protein
intakes in excess of more than twice the recommended amount. Such excessive intakes by
physically active individuals consuming protein enriched diets and protein and amino acid
supplements. Individuals who intend to lose substantial body weight may rely on a low
carbohydrate and high protein diet, which can lead to excessive intake of protein. Although
high protein diets have beneficial effects on satiety and weight control, there are some caveats,
such as increased acid load to the kidneys or high fat content of animal proteins (Pesta &
Samuel, 2014).

Diets containing high protein have been well documented to result in an increase in
urinary calcium excretion, amounting to a 50% increase in urinary calcium for a doubling of
protein intake (Lemann, 1999). This has two potential detrimental consequences; loss of bone
calcium and increased risk of renal calcium stone formation. Although a high protein intake
might increase the risk of kidney stones and bone resorption, as yet no clear conclusions can
be drawn since dietary effects are apparent only in studies with very large differences in protein
intakes (i.e. >185 g/day compared with 80 g/day) (WHO/FAO/UNU, 2007). However, acute
adverse effects have been reported for protein intakes that exceed 45% of the total energy (I0M
2002/2005).

Current knowledge of the relationship between high protein intake and health is
insufficient to enable clear recommendations about either optimal intakes for long-term health
or to define a safe upper limit (WHO/FAO/UNU, 2007).

Factors affecting protein requirements

The availability of proteins from dietary sources is influenced by several factors
summarised in the following paragraphs.

a) Protein contents of foods

The protein amounts reported in food composition tables are assessed by determining.
Total nitrogen in the food, usually by the Kjeldhal method, whereby the result is multiplied
by a specific factor to calculate the protein content of the food. As most proteins contain
about 16% nitrogen, the total dietary nitrogen multiplied by 6.25 gives an estimate of
“crude protein” content. The nitrogen content in protein differs in different categories of
foods and the conversion factor to use is provided in FAO/WHO (1973).

b) Protein quality

Protein quality refers to how well or poorly a given protein can be absorbed from a diet
and utilised by the body. Specifically, it refers to how well the essential amino acid profile
of a protein satisfies their functions in the body, as well as the digestibility of the protein
and bioavailability of the amino acids. The common methods of evaluating protein quality
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include biological value, protein efficiency ratio, chemical score of protein, protein
digestibility, protein digestibility corrected amino acid score (PDCASS) and digestible
indispensable amino acid score (DIAAS).

Biological Value

Biological value (BV) of protein is a measure on how efficiently food protein, once
absorbed from the gastrointestinal tract, can be turned into body tissues.
Biological value can be calculated by dividing the amount of nitrogen retained for
the body’s use by the nitrogen absorbed from food (WHO, 2007). This product is
multiplied by 100, expressed as a percentage of nitrogen utilized.

If a food possesses enough of all nine essential amino acids, it should allow a
person to efficiently incorporate the food protein into body proteins. The biological
value of a food depends on how closely its amino acid pattern reflects the amino
acid pattern in the body tissues. For example, egg-white protein has a biological
value of 100, the highest biological value of any single food protein. In other
words, essentially all nitrogen that is absorbed from egg protein can be retained.
Milk and meat proteins also have high biological values (Hoffman & Falvo, 2004).

If the amino acid pattern in a food is not similar with tissue amino acid patterns,
many amino acids in the food will not become body protein but they simply
become “leftovers” and excreted in the urine as urea. For instance, plant amino
acid patterns differ greatly from those of humans. Corn has only a moderate
biological value of 70, which is high enough to support body maintenance, but not
for growth. Peanuts consumed as the only source of protein show a low biological
value of 40.

Protein Efficiency Ratio

Protein efficiency ratio (PER) is another means of measuring a food’s protein
quality. The PER of a food reflects its biological value, since both basically
measure protein retention by body tissues. Plant proteins, because of their
incomplete nature, generally yield lower PER values, whereas the values for animal
proteins are higher, often above 2.0.

Chemical Score of Protein

Chemical score estimates the protein quality of a food. The amount of each
essential amino acid provided by a gram of the food protein is divided by an “ideal”
amount for that amino acid per gram of food protein. The “ideal” protein pattern
is based on the minimal amount (in milligrams) of each of the essential amino
acids that is needed per gram of food protein. The lowest amino acid ratio
calculated for any essential amino acid is the chemical score. Scores vary from 0
to 1.0.
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Protein Digestibility

The degree to which a protein is digested influences its nutritional value. Animal
proteins are digested more efficiently than plant proteins (Hoffman & Falvo, 2004).
This is because digestive enzymes have greater difficulty entering plant cells,
which are surrounded by cellulose and woody substances. The method of cooking
also affects digestibility. Heat alters the structure but not the amino acid content
of protein molecules. Over-heating, however, may destroy some amino acids or
may cause the formation of products resistant to digestive enzymes. Cooking with
water improves the digestibility of wheat and rice proteins.

The digestibility of protein is normally expressed in relation to that of egg, milk,
meat or fish, which are used as reference proteins (digestibility = 100) (WHO,
2007). Differences in digestibility result from intrinsic differences in the nature of
food protein and the nature of the cell wall, from the presence of other dietary
factors that modify digestion (e.g. dietary fiber, polyphenols such as tannins and
enzyme inhibitors) and from chemical reactions (e.g. binding of the amino groups
of lysine and cross linkages), which may affect the release of amino acids by
enzymatic processes (FAO, 2013). There are few data on digestibility of specific
amino acids in food proteins.

Protein Digestibility Corrected Amino Acid Score (PDCAAS)

The most widely used measure of protein quality is the Protein Digestibility
Corrected Amino Acid Score (PDCAAS). This is used in place of Protein Efficiency
Ratio (PER) evaluations for foods intended for children over 1 year of age and for
non-pregnant adults. To calculate the PDCAAS of a protein, its chemical score is
determined. For example wheat has a chemical score of 0.47. The score is then
multiplied by the digestibility of the protein (generally, 0.9 to 1.0), in turn yielding
the PDCAAS. The maximum PDCAAS value is 1.0, which is the value of milk,
eggs, and soy protein. A protein totally lacking any of the nine essential amino
acids has a PDCAAS of 0, since its chemical score is 0 (FAO, 2013).

Digestible Indispensable Amino Acid Score (DIAAS)

The use of a single value of crude protein digestibility to correct the amount of
each individual dietary indispensable amino acid for its digestibility is considered
to be a shortcoming as there are quantitative differences in digestibility between
crude protein and individual dietary indispensable and dispensable amino acids.
In addition, the PDCAAS approach is based on an estimate of crude protein
digestibility, which is determined over the total digestive tract (i.e. faecal
digestibility) in the correction for digestibility. This may lead to overestimation of
the amount of amino acids absorbed. Due to these limitations, FAQO has
recommended a revised protein quality measure, the Digestible Indispensable
Amino Acid Score (DIAAS) to replace PDCAAS (FAQ, 2013).
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DIAAS determines amino acid digestibility at the end of the small intestine, which
provides a more precise estimate of the amounts of amino acids absorbed by the
body and the contribution of protein to human amino acid and nitrogen
requirements. DIAAS can be calculated as:

DIAAS % =100 x [(mg of digestible dietary indispensable amino acid in 1 g of the
dietary protein) / (mg of the same dietary indispensable amino acid in 1g of the
reference protein)].

DIAAS can be used to estimate available protein intake when evaluating the protein
quality in mixed dishes or in sole source foods (e.g., infant formulas) and to adjust
dietary protein intakes to meet requirements. DIAAS can be used to define protein
equivalent intake (protein adequacy), when it is multiplied by the actual protein
content or intake (i.e. measured protein intake times DIAAS) (FAO, 2013).

The DIAAS is also used to determine the quality of a single ingredient or individual
food for the consideration of complementing other protein foods (FAO, 2013). A
DIAAS more than 100 demonstrates potential to complement protein of lower
quality in order to maintain a suitable total N intake.

Biological factors
Age

Protein requirement depends on age due its demand for growth and ageing
Protein requirements are the highest after birth because muscles and tissues grow at a
rapid pace. Protein needs during adolescence are influenced by the amount of protein
required for maintenance of existing lean body mass and to accrue additional body mass
during the growth spurt. Therefore, requirements based on developmental age are more
accurate in estimating protein requirement as compared to chronological age. Insufficient
protein intake will result in delayed or stunted increases in height and weight as well as
weight loss and lean body mass loss that can subsequently alters body composition
(Stephenson & Schiff, 2016).

The protein needs of older adults are higher than that of adults due to the ageing
process. Protein synthesis and whole body proteolysis in response to an anabolic
stimulus is low as compared to younger adults. The greater protein requirement is
thought to be related to the enhanced protein synthesis necessary to assist in the repair
and remodeling process of damaged skeletal muscle fibers (Hoffman et al., 2006).
Therefore, incorporating a small increase in protein intake is also helpful to ensure
nitrogen balance in older adults.
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Sex

For infants and children, the protein requirements for both males and females are
similar due to similarity of growth and development rates. In adolescence, pubertal
development incurs differences in protein requirements between adolescent boys and
girls. A greater muscle mass in males places a higher requirement for protein, compared
to females.

Physiological state

Physiological state such as infections, worm infestations, injury, emotional
disturbances and stress may affect an individual’s protein requirement. A negative
nitrogen balance after injury tends to be higher in muscular well-nourished individuals
than in malnourished individuals (Kurpad, 2006). Injuries or infections lead to an
increased nitrogen loss from the body that subsequently increases the risk of
malnutrition. Severe critical conditions such as sepsis and trauma can result in significant
protein loss. Individuals suffering from protein loss should increase their protein intake,
particularly during the recovery phase. However, the body may react slowly to increased
protein intake due to increased insulin resistance, thus limiting the usefulness of an
enhanced protein intake (Simsek, Simsek & Cantiirk, 2014).

Pregnancy

Additional protein is required during pregnancy to provide support for the
synthesis of maternal and fetal tissues. Maternal protein requirement increases from
early gestation period and reaches its maximum level during the third trimester.

As for adolescent pregnancy, as the adolescent herself is undergoing rapid growth
and development, she will have a higher protein needs compared to a pregnant adult.
Pre-pregnancy weight and weight gain during pregnancy are correlated with birth weight
of the infant. The WHO/FAO/UNU (2007) Expert Consultation reported that, an average
pre-pregnancy weight of a pregnant adolescent is about 55 kg, and estimated that an
average weight gain throughout adolescent pregnancy is 12.5 kg. Therefore, the
requirement for protein intake is 1.5 g/kg pregnant weight/day.

Lactation

Mean production rates of milk produced by well-nourished women exclusively
breastfeeding their infants during the first 6 months postpartum and partially
breastfeeding in the second 6 months postpartum were used together with the mean
concentrations of protein and non-protein nitrogen in human milk to calculate mean
equivalent milk protein output (WHO/FAO/UNU, 2007).
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Other considerations
Vegetarians

Vegetarianism is increasingly popular in Malaysia. This dietary practice, which
focuses on plant-based food sources may affect the quality and quantity of protein
consumed by vegetarians. For instance, ingestion of soy protein was found to result in
lower postprandial muscle protein synthesis rates both at rest and during recovery from
exercise , compared to ingestion of beef, whey, or milk, (Tang et al. 2009; van Vliet, Burd
& van Loon, 2015; Wilkinson et al. 2007). Diets that are solely based on cereals, root
crops, vegetables, and legumes may not provide adequate amounts of indispensable
amino acids, especially for children undergoing development stage. IOM (2005)
concluded that available evidence does not support recommending a separate protein
requirement for vegetarians, who consume a complementary mixtures of plant proteins.

Athletes

The rationale for a higher protein requirement for athletes is to repair and replace
damaged proteins, remodel protein within muscle, bone, tendon, and ligaments; maintain
optimal functions of all metabolic pathways that use amino acids; support increments of
lean mass; support an optimal functioning immune system; support the optimal rate of
production of plasma proteins and support other acid amino requiring processes
functioning at rates higher than non-athletes (I0OM, 2002/2005). Based on Institute of
Medicine (IOM, 2002/2005), the proportion of protein as a percentage of total energy that
is considered sufficient for endurance athlete is 10-20% and 20-40% for strength
athletes. In order to optimize the ratio of fat-to-lean tissue mass loss during hypo-
energetic periods, athletes are advised to ensure that they increase their protein intake
to 20-30% of their energy intake or 1.8-2.7 g/kg/day (Phillips & van Loon 2011).
Athletes are advised to consume protein food immediately after resistance exercise,
particularly high-quality milk protein, to maximize exercise-induced increases in muscle
mass.

IOM (2005) concluded that no additional dietary protein is suggested for healthy
adults undertaking resistance or endurance exercise.

Twin Pregnancy

In the WHO/FAO/UNU (2007) Expert Consultation report, women with twin
pregnancy have higher protein needs than women having singleton births. Results from
nutritional intervention by Montreal Diet Dispensary shows that an additional 50 g of
protein daily can improve twin pregnancy outcomes, whereby low birth weight rate are
decreased by 25% and very low birth weight by 50%, and preterm delivery reduced by
30%. An additional 50 g daily is needed from the 20th week of pregnancy, which is
double the pregnancy allowance for women with singleton pregnancies.

57
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Setting requirements and recommended intake of protein

The RNI 2005 (NCCFN, 2005) had recommended 10-15% for protein contribution to
total energy intake (TEIl) based on WHO (2003). This TEI was also aligned with the finding of
the Malaysian Adults Nutrition Survey (MANS, 2003), which reported the median protein intake
of Malaysian adults of 55.3g/day, which amounted to 14.3% of the TEI.

For the 2017 RNI, the upper limit of protein contribution to TEI has been set higher at
20% TEI, as compared to the 15% TEI in the 2005 RNI. Protein intake of Malaysian is higher
than in 2003, as reported in MANS (2014), which recorded protein intake of 56.7g/day
contributing to 16% of TEI. The increased upper limit of protein intake is in line with the
recommendations of other countries namely, the Nutrient Reference Values for Australia and
New Zealand (2005) 15-25%TEI, IOM (2006) 10-35%TEl, and Japan DRI (2015) 13-20%TEI.

According to the members of the Consultation of WHO/FAO/UNU (2007), the
FAO/WHO/UNU (1985) had over-estimated the protein requirement for infants, children and
adolescent. Hence, the protein recommendation for these age groups in the 2017 RNI is lower
compared to the 2005 RNI. According to WHO/FAO/UNU (2007), calculation of protein
requirements, except for pregnant and lactating women, should be made in two steps: first,
the requirement per kg should be obtained according to the age range; and second, this should
be multiplied either by the actual weight or by the median weight for age to obtain the total
requirement.

The WHO/FAO/UNU (2007) has been used as a reference in setting requirements for
protein intake for infants, children and adolescents (Table 2.2). A safe level was calculated as
average plus 2SD, assuming a coefficient of variation derived from the coefficients of variation
for growth and maintenance, which fell from 16% at 6 months to 12% at 2 years of age. If
actual weights are not available, the median weight at the actual age from the WHO weight-for-
age growth charts is recommended (WHO 1994).

The main references used by the Technical Sub-Committee (TSC) on Energy and
Macronutrients in making recommendations for protein intake for the revised RNI are based on
the report of DRI committee of Institute of Medicine I0M (2002/2005), the Report of a joint
WHO/FAO/UNU (2007) Expert Consultation and the Scientific report of European Food Safety
Authority (EFSA, 2012).
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Table 2.2 Safe level of protein intake for infants, children and adolescent boys and girls

Boys Girls
Age Safe level Safe level Safe level Safe level
(vears) Weight of protein of protein Weight of protein of protein
(kg) intake intake (kg) intake intake
(o/kg/day) (0/day) (0/kg/day) (9/day)
0.5 7.8 1.31 10.2 7.2 1.31 9.4
1 10.2 1.14 11.6 9.5 1.14 10.8
1.5 11.5 1.03 11.8 10.8 1.03 11.1
2 12.3 0.97 11.9 11.8 0.97 1.4
3 14.6 0.90 13.1 14.1 0.90 12.7
4-6 19.7 0.87 17.1 18.6 0.87 16.2
7-10 28.1 0.92 25.9 28.5 0.92 26.2
11-14 45.0 0.90 40.5 46.1 0.89 41.0
15-18 66.5 0.87 57.9 56.4 0.84 47.4

Source: WHO/FAO/UNU (2007)

General considerations

The methods used as basis for estimating protein requirements are the factorial method
and the nitrogen (N) balance method which takes into consideration protein required for
maintenance and growth (maintenance of 0.66 g/ kg body weight/day and a protein efficiency
utilisation of 58%). However, for young infants, estimations of protein requirements are based
on human milk intake (WHO/FAQO/UNU, 2007).

The nitrogen-balance technique involves the determination of the difference between the
intake of nitrogen and the amount excreted in urine, faeces, and sweat, together with minor
losses by other routes. In a healthy adult who is in energy balance, the protein requirement
(maintenance requirement) is defined as that amount of dietary protein sufficient to achieve
zero nitrogen balance. The requirement for dietary protein is considered to be the amount
needed to replace obligatory nitrogen loses, after adjustment for the efficiency of dietary protein
utilisation and the quality of the dietary protein.

In positive nitrogen balance, more nitrogen is taken in than is lost. Positive nitrogen
balance is seen when new tissue is being built, as in infancy and childhood, in adolescence, in
pregnancy and lactation and during recovery from an illness or injury in which protein has been
lost. Negative nitrogen balance is seen when a person had an infection or traumatic injury. More
nitrogen is excreted than ingested. Negative nitrogen balance also happens in under-nutrition
when protein intake is too low or is of poor quality. In this case, body protein is broken down
to supply energy and for recovery.
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The factorial method is used to calculate protein requirements for physiological condition
such as growth, pregnancy or lactation, in which nitrogen is not only needed for maintenance
but also for the deposition of protein in newly formed tissue or secretions (milk).

In the RNI 2005, protein quality of 80% was assumed in the recommendations for protein
requirements for ages above 6 months. This level of protein quality is maintained by the TSC
on Energy and Macronutrients for 2017 RNI based on two considerations. First, the total daily
protein intake and TEI values for MANS (2003) and MANs (2014) were approximately similar
as explained in Iltem 2.7 above. Besides that, the proportion of protein from animal products
available to Malaysians in 2003 and 2013 were also quite similar, 55.1% and 55.7% respectively
(FAOSTAT, various years). This data is based on Malaysia Food Balance Sheets since MANS
surveys did not differentiate the sources of protein consumed between animal and plant food
products.

The TSC for Energy and Macronutrients decided to adopt WHO/FAO/UNU (2007) in
estimating protein requirements for all age groups.

Recommended intakes by age groups

The recommended protein intake for the revised RNI for the various groups is given in
the following sections in bold and summarised in Appendix 2.1.

Infants, 0 — 5 months

Estimations of protein requirements for infants aged 0 - 5 months are based on human
milk intake (WHO/FAO/UNU, 2007). The assumption is made that for the first 6 months of life,
human milk from a healthy well-nourished mother can be regarded as providing an optimal
intake of protein for the infant. The average protein requirement for the 3-4 month old infant
(1.47 g protein/kg body weight/day) derived from the factorial method is very similar to the
average human milk protein intake values (1.49 g protein/kg body weight/ day) for this age
group, with protein intakes of breastfed infants of healthy mothers assumed to provide
adequately for the infants’ protein needs. Protein intake per kg body weight is 55-80% higher
in formula than in breast fed infants and it has been found that high early protein intakes in
excess of metabolic requirements enhance weight gain in infancy and increase later obesity
risk (Alexy et al., 1999). Thus, breast milk should be used as the gold standard in recommending
protein intake for infants 0-5 months (Koletzko et al., 2009).

The TSC on Energy and Macronutrients recommended to adopt the
WHO/FAOQ/UNU (2007) recommended intake of 1.31 g protein/kg body weight/day (Appendix
2.1) and to use the reference body weight for the Malaysian population of 5.6 kg for infants 0-
5 months.
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RNI for infants

0 - 5 months 8 g/day

Infants, 6-11 Months

The period from 6 to under 12 months is clearly the most critical, because of rapid
growth during this time and because the child increasingly relies on complementary foods. The
average protein requirements for infants greater than 6 months of aged was estimated based
on the average level plus 1.96 SD.

For infants aged from 6 to under 12 months, the maintenance requirement was estimated
at 0.56g/ kg body weight/day from nitrogen balance studies.The WHO/FAO/UNU (2007)
recommended protein intake of 1.149/ kg body weight/day (10g/day) of high quality protein for
infants aged 6 to under 12 months.

The TSC on Energy and Macronutrients recommended adopting the WHO/FAO/UNU
(2007) recommended intake of 1.14g protein/kg body weight/day (Appendix 2.1) and to use the
reference body weight for the Malaysian population of 8.6 kg for infants 6-11 months.

RNI for infants

6 - 11 months 10 g/day

Children and adolescents

In the WHO/FAO/UNU (2007) Expert Consultation report, maintenance requirement for
children and adolescent was estimated at 0.63 g/ kg body weight/day and total requirement,
allowing for decreasing requirement for growth with age, was estimated to range from 0.63-0.67
0/kg body weight/day. An additional 30% allowance was made to take into account for inter-
individual variability in protein utilisation and digestibility. The established the recommended
intake for child and adolescent groups in four categories, which are children aged 1 to under 4
years (1.0g/ kg body weight/ day) and 4 to under 15 years, and for boys aged 15 to under 19
years (0.99/ kg body weight/ day) and girls aged 15 to under 19 years (0.8g/ kg body weight/
day).

The safe level of protein intake for children of various ages was referred to the Table 5.2.
The TSC on Energy and Macronutrients recommended adopting the recommendations of this
report, which the values are 1.01, 0.87 and 0.92 g/kg body weight/day for children ages 1-3
years, 4-6 years and 7-9 years (Appendix 2.1), respectively. The corresponding reference
weights appropriate for Malaysian children used are 12 kg, 18 kg and 25 kg, respectively.
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For adolescent boys, the recommended protein intake in g/kg body weight/day, are 0.90,
0.90 and 0.87 for ages 10-12 years, 13-15 years and 16-18 years, respectively (Appendix 2.1).
The corresponding recommended protein intake for adolescent girls is 0.89, 0.89 and 0.84 g/kg
body weight/day, respectively. The reference weights for adolescent Malaysian boys for the
three age groups are 33 kg, 50 kg and 59 kg, respectively. The corresponding weights for girls
are 35 kg, 47 kg and 50 kg, respectively.

Based on these data, the RNI for protein have been calculated and summarised below.

RNI for children

1-3years 12 g/day
4 - 6 years 16 g/day
7-9years 23 g/day

RNI for adolescents

Boys 10 - 12 years 30 g/day
13 - 15 years 45 g/day
16 - 18 years 51 g/day
Girls 10 - 12 years 31 g/day
13 - 15 years 42 g/day
16 - 18 years 42 g/day
Adults

For adults, the accepted value for the safe level of protein intake is 0.83 g/kg body
weight/day with a protein digestibility-corrected amino acid score value of 1.0 (WHO/FAO/UNU
2007). There is no safe upper limit has been identified. Any intakes of twice from the safe level
are associated with any risk. However, caution is advised to those contemplating the very high
intakes of 3—4 times the safe intake, since such intakes approach the tolerable upper limit and
cannot be assumed to be risk-free.

There is also a broad agreement that the requirement for protein at 0.8 ¢
protein/kg body weight/day, although sufficient to prevent deficiency, is insufficient to promote
optimal health, particularly in populations exposed to catabolic stressors such as illness,
physical inactivity, injury, or advanced age. Several recent consensus statements have
suggested that a protein intake between 1.0 and 1.5 g protein/kg body weight/day may confer
health benefits beyond those afforded by simply meeting the current requirement.



Recommended Nutrient Intakes
for Malaysia

Protein

The revised RNI for protein for adults, are based on the recommendations from both
WHO/FAO/UNU (2007) and EFSA (2012), which is at 1.00 g protein/kg body weight/day after
taking into consideration with the studies mentioned above. The reference weights for Malaysian
male adults for the two age groups are 61.4 kg and 60.6 kg, respectively. The reference weights
for Malaysian female adults are 52.9 kg and 52.2 kg, respectively.

RNI for adults

Men 19 - 29 years 62 g/day
30 - 59 years 61 g/day

Women 19 - 29 years 53 g/day
30 - 59 years 52 g/day
Elderly

Although WHO/FAO/UNU (2007) and EFSA (2012) have estimated that protein
requirements do not change with age during adult life, recent evidence have shown that the
current recommended intake for protein, while fulfilling the criteria as the ‘minimal daily average
dietary intake level that meets the nutritional requirements of nearly all healthy individuals’,
does not promote optimal health or protect the elderly from sarcopenic muscle loss. By doubling
the recommended intake of protein from 0.8 g/kg body weight/day to 1.5 to 1.6 g/kg body
weight/day, it may result in better muscle and bone health in elderly individuals. The doubled
recommended intake is considered within the acceptable range of intake (10-35% of total
calories). In addition, the recommended intake of 1.0 to 1.2 g protein/kg body weight/day for
elderly may represent a compromise while longer term protein supplement trials are still
pending.

The revised RNI for protein for elderly are based on the recommendations from
WHO/FAOQ/UNU (2007) and EFSA (2012), which is at 1.00 g protein/kg body weight/day after
taking into consideration with the studies mentioned above. The reference weights for elderly
Malaysian for male and female at the age of > 60 years are 58.1 kg and 49.5 kg, respectively.
RNI for elderly

Men > 60 years 58 g/day

Women > 60 years 50 g/day
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Pregnancy

In the 2005 RNI, a single value for extra protein was recommended throughout
pregnancy (+7.5g/day). However, in the proposed RNI (2017), the recommendation is based on
WHO/FAOQ/UNU (2007). It is suggested additional protein intake during pregnancy is needed
for newly deposited protein and the maintenance costs associated with increased body weight.
Mean protein deposition has been estimated from total body potassium (TBK) accretion in well-
nourished women with a mean gestational weight gain of 13.8 kg. Recommended additional
protein intake during pregnancy is shown in Table 2.3.

More recent body-composition measurements do not show any maternal storage in early
pregnancy, thus increasing amounts are recommended for each trimester. The efficiency of
protein utilisation was taken to be 42%. The maintenance costs were based upon the mid-
trimester increase in maternal body weight and the adult maintenance value of 0.66 g/kg per day.
It is recommended that a higher intake of protein during pregnancy should consist of normal
food, rather than commercially prepared high protein supplements. The safe level was derived
from the average requirement, assuming a coefficient of variation of 12%. Based on an efficiency
of protein utilisation of 42%, the recommended additional protein intake for pregnant women
as shown below:

Table 2.3: Recommended additional protein intake during pregnancy

. - Protein .
i .M'd' Addltlo_nal Protein deposition, Addmo.nal Additional
. rimester protein o . protein .
Trimester ; . - deposition adjusted . safe intake
weight gain | maintenance (g/day) efficiency requirement (g/day)
k da da
(kg) (0/day) (u/day) (9/day)
1 0.8 0.5 0.0 0.0 0.5 0.7
2 3.2 3.2 1.9 4.5 7.7 9.6
3 7.3 7.3 7.4 17.7 24.9 31.2

Source: WHO/FAO/UNU Expert Consultation report (2007)

The TSC for Energy and Macronutrients decided to recommend an additional 8 and 25

g/day protein in the second and third trimesters based on the WHO/FAO/UNU (2007) Expert
Consultation recommendation (Appendix 2.1).

RNI for Pregnancy

15 Trimester
2" Trimester
31 Trimester

+0.5 g/day
+8 g/day
+25 g/day
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Lactation

Based on WHO/FAQ/UNU (2007) Expert Consultation, protein requirements during
lactation was derived using a factorial approach which requires assessing milk volumes
produced and the content of both protein nitrogen and non-protein nitrogen, as well as
calculating the amount of dietary protein needed for milk protein production. As the efficiency
of protein utilisation for milk protein production is unknown, the efficiency associated with the
production of milk protein was taken to be the same as for protein deposition in the non-
lactating adult (47%) was assumed. Thus, the additional dietary protein requirement during
lactation will be an amount of digestible protein equal to milk protein, divided by an efficiency
of 0.47. The safe protein intake was calculated as mean +1.96SD with 1SD calculated on the
basis of a coefficient of variation of 12%. The additional safe protein intakes during the first 6
months of lactation ranged from 19 to 20 g protein/day reduced to 13 g protein/day after 6
months.

The TSC for Energy and Macronutrients proposed to recommend an additional 19 g for
the first 6 months of lactation and an additional 13 g protein per day for second 6 months of
lactation based on WHO/FAO/UNU (2007) Expert Consultation.

RNI for lactation

1st6 months +19 g/day
2" 6 months +13 g/day

Discussion on Revised RNI for Malaysia

Comparing the RNI (2005) and RNI (2017) recommended intakes of protein for the latter
are lower in the case of infants, children and adolescents, while the recommended intakes are
higher for adults and the elderly. In the revised RNI (2017), the additional amounts
recommended for pregnancy at 2nd and 3rd trimesters are higher, while the additional amounts
of lactation at 1st and 2nd 6 months are lower, as compared to the RNI (2005) These changes
in the recommended values are mainly based on the adoption of the WHO/FAO/UNU (2007)
and changes in the reference body weight for Malaysians (Appendix 2.1).
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Research Recommendations

There is a need to improve our understanding of the relationship between protein intakes
and overall health. This is a particularly important area for future research.

The following priority areas of research are recommended:

. Conducting periodic national nutrition surveys to obtain updates on the intake of protein
and amino acids, especially among vulnerable groups.

. Generate data on protein and amino acid compositions of Malaysian foods.
. Assessment of body protein homeostasis and balance.
J Evaluation of the impact of high protein diets in weight reduction regiments.

. Evaluation of vegetarian diets and determination of ways to maximise protein and amino
acid contents in these diets.

. Reevaluation of protein deficiency in relation to energy and micronutrient deficiencies
among malnourished children and elderly.
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3 ¢ Fats

Introduction

Between 2000 and 2012, 73% of total deaths (n=146,000 cases) in Malaysia were attributed
to non-communicable diseases (NCDs) with a proportional mortality of 36% alone contributed by
cardiovascular disease (CVD) (WHO, 2014). The National Health and Morbidity Survey (NHMS)
2011 (n=28,650) and The Malaysian Cohort (n=106,527) have reported 35.1-44.9% of Malaysian
adults were hypercholesterolemic (IPH, 2011; Rahman et al. 2014). Further, metabolic syndrome
(MS), which is a precluding factor in the development of NCDs, has an overall prevalence rate of
27.5% in Malaysia and hypertriglyceridemia, a MS diagnostic criteria, is reported to be 29.3%
(Rampal et al. 2012).

According to the NHMS 2015, obese Malaysians make up 17.7% of the population while
those categorised as overweight make up 30% (IPH, 2015). Despite the overwhelming tendency
to associate obesity with higher fat intake, conclusive association between obesity and fat intake
in the Malaysian population is not evident. In fact, the mean fat intake of the Malaysian population
is reported to be <30% total energy intake (TEI) (Mirnalini et al., 2008).

Incidence data for CVD keeps increasing in Malaysia along with burden of treatment. In the
first decade of the 21st century, the most influential United States dietary guidelines (USDA 2010)
focused on reducing total fat intake to <30%TElI, specifically saturated fats (SFA) to <10% TEl and
dietary cholesterol to <300mg, in order to reduce the risk of cardiovascular disease (CVD). In
contrast, the FAQ (2010) and I0M (Otten et al. 2006) considered a relatively higher fat intake of
35%TEl as acceptable for a normal active person. With newer findings in recent years, the US
dietary guidelines (USDA, 2015) revised the upper limit for total fat intake to 35%TElI, limiting SFA
intake between 5 to 10%TEl and eliminated the limitation for dietary cholesterol.

The Malaysian Dietary Guidelines 2010 for a healthy population were developed to restrict
dietary fat <30%TEI with a lower limit of 20%TEI and limiting the use of SFA to less than 10%TEI
as well as dietary cholesterol to 300mg; and this view supports current public health strategies
to combat the rising NCDs in Malaysia (NCCFN, 2010). The Ministry of Health (MOH), Malaysia,
launched a medium term strategic plan in 2010, namely the National Strategic Plan for Non-
Communicable Disease (NSP-NCD) with the aim to strengthen the CVD and diabetes prevention
and control programmes in Malaysia (NSP-NCD MOH 2010).

This Technical Sub-Committee (TSC) presents a rationale for the revision of recommended
fat intake for Malaysians based on current available evidence.

Functions

Fat is essential in the human diet because of its energy density as well as its essentiality for
physiological function, growth and development. In addition, dietary fat aids the digestion,
absorption and transport of fat-soluble vitamins and fat-soluble phytochemicals, such as
carotenoids and lycopenes. During digestion, dietary fat depresses gastric secretions, slows
gastric emptying and stimulates biliary and pancreatic secretions, thereby aiding the digestive
process. Excess fat is stored as adipose tissue, which enables human survival during limited food
availability. Fat also functions structurally to support organs in position and insulate nerves,
protect the body from mechanical pressure and insulate the body to preserve body heat and
temperature.
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Chemically, dietary fats are triacylglycerol molecules with biological function and utilization
related to the type of fatty acids esterified to a glycerol backbone. Structures of these fatty acids
are built on carbon chains of varying length with either shared bonding (unsaturation) or single-
bonding (saturation). The diversity of fats therefore depends on fatty acids that are either saturated
or unsaturated and this nature together with carbon chain length determines health risk. Saturated
fatty acids (SFA) are hypercholesterolaemic (Hegsted ef al. 1965; Katan et al. 1994), while longer
chain fatty acids such as n-6 polyunsaturated fatty acids (n-6 PUFA), mainly linoleic acid (LA) are
hypocholesterolaemic (Karupaiah et al. 2005). The intake of SFA for our population is expected
to be high from palm oil consumption. It is estimated that human consumption of LA is insufficient
(Jakobsen et al. 2009) and therefore the public health approach is to encourage increased
consumption (USDA 2015; NCCFN 2010). The n-3 PUFA family have a hypotriglyceridemic effect
which is useful to offset dyslipidemia which is common in a MS-prone population.

Metabolism

Specific essential fatty acids (EFAs) metabolically act as precursors for longer chain fatty
acids (LCFAs) through chain elongation, which in turn are required for both formation of cell
membranes as well as become precursors for the synthesis of eicosanoids (Gropper & Smith
2012). Eicosanoids exert ‘hormone-like effects moderating a variety of metabolic -physiological
actions including blood pressure lowering, diuresis, inhibit blood clotting, reduce inflammation,
moderate immune function, vasoconstriction and other vital functions.

Human digestion does not differentiate between animal or vegetable sources of dietary fat
but instead the chain length of fatty acids in the food matrix determines the route of absorption
(Karupaiah & Sundram 2007). All dietary fats, predominantly triglycerides, undergo enzymatic
hydrolysis in the stomach initiated by the gastric lipases, which release fatty acid esters. Fatty
acids of short (C4-C6) and medium- (C8-C10) chain fatty acids (SCFAs and MCFAs) solubilize in
intestinal fluids and are absorbed directly into the portal system. Once in portal circulation the
SCFAs and MCFAs will form complexes with albumin and are carried to the liver for oxidation. The
major activity of digestion largely occurs in the duodenum for fatty acids of chain lengths greater
than 12 carbon atoms and is carried out by the pancreatic lipases. Released long-chain fatty acids
(LCFAs) undergo a protein-mediated absorption pathway. Ultimately post-assimilation, new
triacylyglycerol (TAG) structures are re-assembled via the phosphatidic acid pathway for the
LCFAs before incorporation into chylomicrons. Following fat absorption, chylomicrons are
released into intestinal lymphatics, enter circulation via the thoracic duct and move to capillary
surfaces of target organs (liver, heart, etc) or tissue (adipose, skeletal) where TAG disassembly
takes place. The norm after a meal is that chylomicron breakdown will be directed towards adipose
tissue through the activation of adipose tissue lipoprotein lipase, which is triggered by the
elevation of plasma insulin levels concurrent to a meal. In the fasting state, the hormonal balance
favours skeletal tissues by the activation of muscle lipoprotein lipase. LCFAs from the diet undergo
metabolic conversion with desaturases and elongases for conversion into the n-9, n-6 and n-3
families of fatty acids. The n-6 and n-3 fatty acids in the membrane phospholipids exert metabolic
control through their role as precursors of eicosanoids.
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Aside from dietary sources of fat, endogenous synthesis of triglycerides (TG) can also occur
with excess intake of carbohydrate, as observed in individuals with hypertriglyceridemia. Those
fatty acids that are not used for synthesis of eicosanoids or incorporated into tissues are oxidized
for energy (Gropper & Smith 2012). Fatty acids yield energy by beta-oxidation in the mitochondria
of all cells, except those in the brain and kidney.

Food sources

Dietary fats can be divided into two categories: visible and invisible fats. Visible fats come
from cooking oils that are plant-based (vegetable oils) and table spreads, which may be either
plant-based (margarines) or animal fats (butter). Invisible fats are natural constituents of edible
biological material ranging from cereals, vegetables, fruits, pulses, nuts and oilseeds, dairy
products, meat, eggs or seafood (Gunstone et al. 2007).

Palm oil represents the main cooking oil for most Malaysians, as this country is a primary
producer of palm oil. Current consumption is 6.6kg per capita/year or 17.8g/capita/day (FAO
2011). Palm oil or palm olein has an almost equal amount of saturated and unsaturated fatty
acids as indicated by 40% of palmitic acid (C16:0), 4% of stearic acid (C18:0) and 43% of oleic
acid (C18:1). Coconut oil is one of the major sources of SFA in the Malaysian diet as sanfan is
commonly used in preparing meals. For instance, nasi lemak, curry and cendol are traditionally
consumed foods that use santan. Santan contains 92% of SFA with the major fatty acids being
lauric acid and myristic acid. The fatty acid composition of various dietary fats and oils is provided
in Appendix 3.1. Significant fat content distribution of various food categories in terms of total fat
and fatty acid classes are provided in Appendices 3.2a and 3.2b. Vegetable oils such as soybean
and corn oils are the mains sources of the EFAs linoleic acid (LA) and o-linolenic acid (ALA),
which are classified as n-6 PUFAs, whereas the long chain fatty acids (LCFAs) such as
eicosapentaenoic (EPA) and docosahexaenoic (DHA) acids, classified as n-3 PUFAs, are mainly
found in fish. The types of fish rich in LCFAs commonly consumed by Malaysians are Indian
mackerel (kembong), anchovies, yellow-tail and yellow-stripe scards, tuna, sardines, torpedo
scads, Indian and short-fin scads, pomfret, red snapper, king mackerel, marine catfish and
stingray (Ahmad et al. 2016). Appendix 3.3 provides the overall varying distribution of total fat in
local fish, examples of cold water fish as well as the n-6 and n-3 fatty acid distribution in Malaysian
foods.

Deficiencies and Excesses

Fat deficiency is rare and usually occurs in individuals with malabsorption related to inhibition
of bile salts necessary for fat digestion such as liver disease, and adjunct deficiency of the fat-
soluble vitamins (A, D, E and K) would also be adversely affected (Jeppesen et al., 2000). Fat
deficiency may also occur in malnutrition related to chronic disease conditions where blood levels
of EFAs, mainly LA and ALA, may be below normal as in chronic kidney disease patients
(Jeejeebhoy et al., 1990). Clinical symptoms of fat deficiency (LA and ALA) include growth
retardation, skin lesions, reproductive failure, and fatty liver. Fat-free diets are noted to lead to
clinical EFA deficiency symptoms such as marked weight loss, dryness of the skin and atopic
eczema and eventually death (Guarnieri & Johnson, 1970; Holman, 1971).
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Although ALA is considered an essential n-3 fatty acid because it cannot be synthesized by
humans, its conversion to LCFAs is less efficient. Less than 4% of ALA is metabolised to DHA in
young healthy men (Burdge et al. 2002) but conversion is more than two-folds higher in woman
(Burdge & Wootton 2002; Burdge 2004; Giltay et al. 2004).

Arachidonic acid (AA) is approximately three times as effective as LA in promoting growth
(Holman 1971), but is not an essential nutrient since LA can be converted to AA in the body (Barr
etal. 1981). In recent years, there is an inclination to categorise AA and DHA as EFAs, mainly in
relation to their role in neurological and cognitive development in young children and infants.
Although, AA and DHA can be synthesised in the body, daily requirement in certain groups of
people may exceed body capacity to produce them. AA and DHA are highly metabolised to
numerous important functional metabolites (Flock et al. 2013; Serhan & Chiang 2013) as well as
crucial components of the cell membranes particularly in the brain, nervous system and important
organs such as heart and lung (Harris et al. 2004; San Giovanni & Chew 2005; Innis 2008; Calder 2013).

In the past decades, fat deficiency has never been an issue in the Malaysian population.
Instead, with the abundance of cooking oil available for local consumption, the concern is tipping
toward excess intake. Affordability and increased access to high-fat foods predisposes the
population to increased consumption of energy-dense foods which coupled together with the
sedentary living would create a risk for obesity. According to the National Health and Morbidity
Survey of 2015, obese Malaysians make up 17.7% of the population while those who are
categorised as overweight make up 30%. If added both together, almost half the population of
Malaysia are either overweight or obese (IPH, 2015). Despite the overwhelming tendency to
associate obesity with the percentage of fat intake, many long term epidemiological studies fail
to provide causal relationships between the two. Fat alone cannot explain obesity as higher
carbohydrate intakes also contribute to the high calorie matrix of diets (Astrup ef al., 2000;
Nordman et al., 2006).

Factors affecting requirements

Fat provides 9.0kcal/g compared with the much lower 4.0 kcal/g for carbohydrate and
protein. As such, people consuming high-fat diets (>35% energy) coupled with a sedentary
lifestyle, would likely become overweight or obese as their energy intake exceeds energy
expenditure (Astrup et al., 2000).

Current median total fat intake as reported in the Malaysian Adult Nutrition Survey (MANS)
2014 is estimated as 46g/day or 29%TEI. This intake varies between urban (median = 49g/day)
and rural (median = 44g/day) populations as well as between ethnic groups, with Chinese
(median= 53g/day) having the highest fat intake compared to Malays (median = 45g/day) and
Indians (median = 47g/day) (IPH 2014). Previously, the MANS 2003 reported that fat intake was
also different geographically, with the lowest intakes reported for Northern Peninsular of Malaysia
(median=44g/day), followed by Central and Southern Peninsular of Malaysia (both median =
45g/day), East Coast Peninsular of Malaysia (median 46g/day), while the highest fat intakes were
reported in Sabah (median = 47g/day) and Sarawak (median = 49g/day) (Mirnalini et al., 2008).
In terms of fat contribution to daily total energy intakes (TEl), reports for smaller populations
ranges between 30 - 33 %TEl with 32.8%TEI reported for an urban Malay population (Eng &
Moy, 2011), while 30%TEI of fat intake was reported in Peninsular Malaysia (Chee et al., 1997).
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The MANS 2014 also reports a decreasing trend in total fat consumption across age groups.
Young adults (below 40 years, median = 47g/day) consumed more fat than those aged more than
50 years (median = 44g/day) (IPH 2014). This is not surprising as apart from physiological aging
and cultural preferences, food intake is also influenced by socio-economic status and temporal
society transitions (Popkin 2006; Manderson & Naemiratch, 2010).

Physiological condition(s) such as pregnancy or lactation do not affect daily total fat
percentage of energy requirements but infants and children up to 3 years are recognised to have
higher percentage of energy requirements for total fat. Conditions of CVD, liver disease and
diabetes will also affect fat requirements in order to fit therapeutic medical nutrition therapy goals
(Simopoulos 1999). This shall be discussed later with regard to the requirements for the n-6 LA.
As implied earlier, reducing excess fat consumption would also reduce total calorie intake, which
would be beneficial for individuals with excess body weight (Astrup et al., 2000; Bray et al., 2002).

3.7 Setting requirements and recommended intakes for fats

3.7a Current opinion on Saturated fatty acids (SFA), monounsaturated fatty acids (MUFA),
polyunsaturated fatty acids (PUFA) and trans fatty acids (TFA)

SFA

Based on the findings from three meta-analyses, a higher SFA intake is not found to be
significantly associated with increased CVD risk (Mente et al. 2009; Siri-Tarino et al., 2010;
Chowdhury et al. 2014). Only Mente et al. (2009), who included 146 sub-cohorts, found a
marginally significant association between SFA intake and CVD risk when including both genders
in the analysis. However, when the analysis separated effect of gender, no association was
found in either men or women. Chowdhury et al., (2014) in pooling 32 observational studies
(n=b544,727 subjects) to compare the extreme tertiles of SFA consumption, also found no
association between SFA intake and CVD risk.

MUFA

The meta-analysis by Chowdhury et al. (2014) also showed that MUFA intake did not
affect CVD outcomes. In contrast, a meta-analysis by Mente et al., (2009) reported a significant
inverse association between MUFA intake and CVD risk in men but not in women. A systematic
review and meta-analysis of 32 cohort studies (n=841,211 subjects) (Schwingshackl &
Hoffmann, 2014) comparing the highest to the lowest tertiles of MUFA consumption from olive
oil, with oleic acid as well as MUFA:SFA ratio determined, concluded that increased MUFA intake
resulted in a significant risk reduction for CVD mortality, CVD events and stroke. Subgroup
analyses showed that only olive oil had a significant inverse correlation with CVD events and
stroke whereas oleic acid or increased MUFA:SFA ratio had no observed effect on CVD events
and stroke.
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PUFA

The meta-analysis of 18 prospective cohorts by Mente et al. (2009) showed either higher n-
3 PUFA intakes or total PUFA intake for 6 cohorts reduced risk of CVD in women but not in men
or when both genders were combined in the analyses. However, Chowdhury et al. (2012) in their
meta-analyses of 14 prospective cohorts found no association between higher intakes of long-
chain n-3 PUFA with CVD risk. But with the inclusion of 32 observational studies, Chowdhury et
al. (2014) reported a significant inverse association between long-chain n-3 PUFA (n=16 cohorts)
and CVD risk whereas total n-6 intake (n=8 cohorts) was not associated with CVD risk.

A higher ALA (a-linolenic acid, C18:3n-3) intake was not significantly associated with CVD
risk in both genders (Chowdhury ef al. 2014; Mente et al. 2009). However, with the inclusion of
27 prospective and retrospective cohorts, Pan et al. (2012) found that higher ALA intake reduced
CVD risk and coronary heart disease (CHD) mortality whereas there was no significant effect on
total CHD and stroke events.

Trans-fatty acids (TFA)

A meta-analysis of 4 large-scaled cohorts, which followed 139,836 subjects (Mozaffarian &
Clarke 2009), found that an additional 2%TEI derived from TFA resulted in a 23% increase in CVD
risk. The meta-analysis by Chowdhury ef al., (2014), which included 5 observational studies in
their pooled analysis of the effect of TFA on CVD risk, showed that total TFA intake was positively
correlated with increased risk of CHD, and resulted in a 16% increased CVD risk.

Replacing SFA with other fatty acids and carbohydrates

A meta-analysis of 11 cohorts, involving 344,696 subjects with 4 to 10 years of follow-up,
found that replacing dietary SFA with PUFA reduced the risk of CVD by 13% and coronary deaths
by 26%. However, replacing SFA with carbohydrate resulted in a 7% increase in CVD events
without any effect on CVD mortality (Jakobsen et al., 2009).

A review by Volek and Feinmann (2005) compiled 15 intervention studies which substituted
dietary carbohydrate with fat, and reported that when high-fat low-carbohydrate diets were
introduced, body weight, insulin and TG levels had a greater reduction while HDL-C levels were
higher compared to low-fat high-carbohydrate diets. Another intervention study comparing low-
fat high-carbohydrate diet (28%TEI from fat and 58%TEI from carbohydrate) with high-fat low-
carbohydrate diet (40%TEI from fat and 46%TEI from carbohydrate) after a 6-week intervention,
had reported a significant reduction in diastolic blood pressure and TG:HDL-C ratio without
affecting insulin and LDL-C levels.
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n-6:n-3 fatty acid balance

The n-6 FA in the diet consists of mainly LA and its metabolite AA, while the n-3 FA
comprises ALA, EPA and DHA. Currently, the n-6:n-3 FA ratio of a chemically analysed typical
Malaysian diet is about 24.2+9.6 (~8.45+0.64/0.45+0.569) (Karupaiah et al., 2016) compared
to a calculated ratio of 10 (3.5/0.35) (Ng 1995). FAO/WHOQ (1994) recommends an n-6:n-3 FA
ratio of 5-10. Both the absolute amounts of n-6 and n-3 FA, as well as their ratio are important
nutritional considerations. Increasing the intake of n-3 poses a serious challenge, and any
excess intake of LA (>7%TEIl) would enable difficulty in achieving the recommended n-6:n-3 FA
ratio.

A meta-analysis on RCTs showed that supplementing with ALA, total LC-n-3 and total n-
6 did not reduce the relative risk for CVD events (Chowdhury et al., 2014). Another meta-
analysis also concurred that n-3 supplementation did not result in a significant reduction in
overall CVD events, all-cause mortality and CVD death (Kwak et al., 2012).

A review by Simopoulos (2008) discussed the effect of n-6:n-3 ratio on secondary CVD
prevention, indicating that a ratio lower than 4:1 is associated with a 70% decrease in total
mortality. However, n-3 is not common in the daily diet as indicated in urban India (n-6:n-3
ratio=38-50) (Pella et al., 2003), the United States (n-6:n-3 ratio=16.74) (Eaton et al., 1998), UK
and Northern Europe (n-6:n-3 ratio=15.0) (Sanders, 2000) while only Japan where fish
consumption is very high had the lowest ratio (n-6:n-3 ratio=4.0) (Sugano & Hirahara, 2000)
Therefore, it is clear that a supplementary dose of n-3 fatty acids is required for therapeutic
effect on cardiometabolic risk lowering. LA can be found in a large quantity in vegetable oils
compared to n-3 PUFA, which mainly comes from fish in the Malaysian diet (Appendices 3.2a,
3.2b and 3.3).

In the Malaysian context, n-6 PUFA (LA) intakes are recommended at 3 to 7%TEI, while
n-3 PUFA at 0.3-1.2%TEI. This range n-3 FA intakes is recommended with due consideration
to the present n-3 content of habitual Malaysian diets and the practicability of increasing the
intake which requires substantial changes in dietary habits.

The n-3 fatty acids intake of the average Malaysian remains low and there are several
ways that we can remedy this, namely: [1] consuming more pulses (eg. beans, dhal), tofu and
fishes, [2] use a cooking oil that is a blend of palm olein + n-3 rich vegetable oil (eg. canola,
soybean), and [3] to include n-3 (ALA or EPA + DHA)- rich novel foods as shown in Appendix
3.3 in the household food basket.

Dietary cholesterol

Dietary guidelines in the past focused on the reduction of dietary cholesterol intake from
the diet as a strategy in reducing CVD risk, until 2013 (NCEP Expert Panel 2002; USDA 2010).
These guidelines were based on a positive correlation between high plasma total cholesterol
(TC) and increased GVD risk, which formed the basis to recommend reduced dietary cholesterol
consumption; and became subsequently a highly advocated strategy in lowering the morbidity
and mortality of CVD (Goodman 1991). Nevertheless, the Finnish Alpha-Tocopherol, Beta-
Carotene Cancer Prevention Study reported that a higher dietary cholesterol intake did not
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correlate with higher rates of CHD events and CHD mortality when comparing the highest
(median=768 mg) with the lowest (median=390 mg) quintiles of cholesterol intake (Pietinen
etal.,, 1997). Previously, the AHA in the ATP Il Guidelines recommended not exceeding a daily
consumption of 300 mg of dietary cholesterol by healthy people whilst <200 mg was
recommended for individuals with hypercholesterolemia (Frolkis ef al., 2002) as well as those
with MS (Grundy et al., 2004).

When the earlier dietary recommendation was to reduce dietary cholesterol consumption,
egg consumption was often perceived as a health risk (NCEP Expert Panel 2002; NCCFN 2010)
based on a greater consumption of eggs been linked to higher CVD risk (Mann et al., 1997;
Nakamura et al., 2004). A recent meta-analysis of 22 prospective cohorts (n=558,700 subjects)
followed between 6 to 20 years (Shin et al. 2013), did not establish any association between egg
consumption and CVD in a healthy population. Consumption was assessed in terms of >1 egg
per day compared to <1 egg per week. However, a significant effect was noted in studies
involving diabetic patients consuming > 1 egg per day with increased risk of CVD compared to
those consuming <1 egg per week (HR=1.69, 95% Cl: 1.09, 2.62). Another meta-analysis
associated consumption of > 3 eggs per week with a significantly higher risk for Type-2 diabetes
in US studies but this effect was not evident for non-US studies (Djousse et al. 2016).

The Malaysian Dietary Guidelines, which was published in 2010, still recommends a
restricted dietary cholesterol intake of <300 mg per day as a goal in plasma cholesterol reduction
(NCCFN, 2010). Due to the lack of evidence from clinical studies showing a benefit from dietary
cholesterol reduction, the recent Adult Treatment Panel (ATP) IV guidelines of the American
Heart Association (Eckel et al. 2013) only focused on reducing SFA (5 to 6 %TEl) and avoiding
trans-fat. USDA 2015 has also removed the cholesterol intake recommendation from the list of
‘nutrients of concern’. However, it is important to highlight that this guideline is meant for a
healthy population.

The TSC recommends removing the restriction on dietary cholesterol intake for a healthy
population. However, it must be cautioned that dietary cholesterol-rich foods such as beef, pork
and shellfish also carry significant content of SFA, which are known to increase TC and LDL-C
levels (Fattore ef al. 2014; Sun et al. 2015).

3.7b Dietary fats requirements and recommended intakes

The previous RNI 2005 recommended dietary macronutrient distribution to be 55-
70%TEI from carbohydrate, 20-30%TEI from fat and 10-15%TEI from protein (NCCFN, 2005).
The setting for 20-30%TEl for fat originates from MDG 1999 (NCCFN, 1999). These dietary fat
levels are within the range of 15-30% energy recommended by several WHO/FAO Expert
Consultations over the years. This Technical Sub-Committee (TSC) has reviewed the prevailing
global recommendations (USDA 2015; PHE, 2016; PHC, 2016) as well as the chronic disease
burden from NCDs, which originate from the twin burdens of insulin resistance and atherogenic
risk (IPH, 2015) thus implicating not just fats but also carbohydrates (PHC, 2016). At the high
end, the TSC notes that the FAO (2010) reports consider a relatively high fat intake of 35%TEl
as acceptable for an active person. Given the upper limit for safety for fat consumption is
35%TEI (FAO, 2010) and limits below 25%TEl which would increase the carbohydrate load
(Siri-Tarino et al., 2010; Appel et al., 2005), the recommended range for fat in terms of the total
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daily diet consumed should fall within these safety limits for health for a normal population.
However, the overall recommendation for adults will be restricted to a conservative range of 25
to 30%TEI from fats with an upper limit of 35%TEI from fats for active persons. For children
and adolescent (up to age of 18 years) the recommended range for fat intake will be broader
between 25 to 35%TEI.

Palm oil is extensively used in locally processed foods as well as commercial and home
food preparations. By consuming palm olein alone, at 30%TEl, an individual ingests sufficient
LA (3-4%TEI EFA), 12%TEI saturated and 14%TEI monounsaturated fatty acids as well as other
micronutrients such as vitamin A and E. Therefore, the predisposition for a high saturated intake
(>10%TEI) will need to be addressed for individuals who are hypercholesterolemic.

The requirement to increase n-6 PUFA is addressed separately below in this section.

The RNI 2005 recommended 0.3-1.2 %TEI of n-3 PUFA (NCCFN, 2005) whereas WHO
recommends 0.5-2.0 %TEl of n-3 PUFA for healthy adults (FAQ, 2010). Sufficient n-3 PUFA is
possible with regular consumption of fish more than 3 times a week, which roughly provides
at least 0.3%TEIl as observed in a human trial (Karupaiah et al., 2016). A range in n-3 PUFA
intakes is recommended with due consideration to the present n-3 content of habitual Malaysian
diets, and the practicability of increasing the intake which requires substantial changes in dietary
habits. Appendices 3.2a, 3.2b and 3.3 provide the distribution of the different fatty acid classes
in foods commonly consumed by Malaysians.

Fat is an essential nutrient and its dietary level should not fall too low, otherwise the diet
prepared becomes monotonous, has low palatability, low energy density, and the amount of
EFA or LA can become limiting in the overall diet.

Infants

Breast milk is the preferred source of nutrition for infants. Human milk provides 50-60%
of its energy as fat with 5% energy as EFA (LA + ALA) and 1% energy as LCFAs. During lactation
in well-nourished mothers, milk fat contribution increases from 40-50g/litre at three weeks to
60-70g/litre by 4-6 months (FAO/WHO, 1994).

There is convincing evidence that during the first six months of life, total dietary fat
should contribute 40-60 %TEI to cover the energy needed for growth and the fat required for
tissue deposition (FAQ, 2010). There is convincing evidence that from age 6-24 months, fat
intake should be reduced gradually, depending on the physical activity of the child, to ~35%TElI
in line with the upper limit for adult recommendations (FAQ, 2010).

The absolute amount of dietary fat recommended per day by the TSC for the 0 to 5
months age group are calculated based on the current proposed Malaysian RNI for energy (470
kcal for boys aged 0 to 2 months; 540 kcal for boys aged 3 to 5 months; 420 kcal for girls aged
0 to 2 months; 500 kcal for girls aged 3 to 5 months) with 40 - 60 %TEI contributed by fat
calories. During weaning, the fat component should provide ~35% of the energy (FAQ, 2010).
This means that complementary foods used during the weaning period should include adequate
amounts of fats and oils as the breast milk component of the diet declines. Therefore, the
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absolute amounts of dietary fat recommended per day by the TSC for the 6 to 11 months age
group are calculated based on the current proposed Malaysian RNI for energy (630 kcal for
boys aged 6 to 8 months; 720 kcal for boys aged 9 to 11 months; 570 kcal for girls aged 6 to
8 months; 660kcal for girls aged 9 to 11 months) with 30 - 40 %TEl as fat calories.

RNI for infants

Boys
0 - 2 months 21 - 31 g/day
3 - 5 months 24 - 36 g/day
6 - 8 months 21 - 28 g/day
9 - 11 months 24 - 32 g/day
Girls
0 - 2 months 19 - 28 g/day
3 - 5 months 22 - 33 g/day
6 - 8 months 19 - 25 g/day
9 - 11 months 22 - 29 g/day

Children and adolescents

The range of 25 to 35 %TEl as fat calories for these age groups are calculated from the
current proposed energy requirements for younger age groups (980 kcal for boys aged 1 to 3
years; 1300 kcal for boys aged 4 to 6 years; 1750 kcal for boys aged 7 to 9 years; 900 kcal for
girls aged 1 to 3 years; 1210 kcal for girls aged 4 to 6 years; 1610 kcal for girls aged 7 to 9
years). The new recommendation adopted from FAQ (2010) coupled with epidemiological
evidence of a significant progression of the obesity epidemic in young children by Broyles et
al. (2015) supports the need to restrict the percentage of fat intake to <35%TEl to facilitate
energy balance without undue increase in body fat.

RNI for children

Boys 1 - 3 years 27 - 38 g/day
4 - 6 years 36 - 51 g/day
7 -9 years 49 - 68 g/day
Girls 1 - 3 years 25 - 35 g/day
4 - 6 years 34 - 47 g/day
7 -9 years 45 - 63 g/day

For adolescent boys and girls (10 to 18 years), who are more active than adults, 25 - 35%
of the unweighted means for daily energy requirements (1930 kcal for boys aged 10 to 12 years;
2210 kcal for boys aged 13 to 15 years; 2340 kcal for boys aged 16 to 18 years; 1710 kcal for
girls aged 10 to 12 years; 1810 kcal for girls aged 13 to 15 years; 1890 kcal for girls aged 16
to 18 years) were used to calculate the absolute amounts in grams of fat required per day.
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Boys 10 - 12 years 54 - 75 g/day
13 - 15 years 61 - 86 g/day
16 - 18 years 65 - 91 g/day
Girls 10 - 12 years 48 - 67 g/day
13 - 15 years 50 - 70 g/day
16 - 18 years 53 - 74 g/day

Adults and elderly

Dietary intervention studies have shown low fat diets (<25%TEIl) would lower serum
HDL-C and increase TG levels, as well as lower insulin sensitivity compared to extremely high
fat diets (>55%TEl) (Volek ef al., 2009). A meta-analyses of edible vegetable oils in human
consumption inclusive of palm oil concludes intervention studies providing <35%TE! as fats did
not significantly increase blood LDL-C levels regardless of fats been saturated or unsaturated
(Fattore et al., (2014). However, the overall fat recommendation is restricted to a conservative
range of 25 to 30 %TEl with an upper limit of 35%TEI for active persons.

For adults 19 to 59 years of age, 25 to 30 % of the unweighted means for daily energy
requirements (2240 kcal for men aged 19 to 29 years; 2190 kcal for men aged 30 to 59 years;
1840 kcal for women aged 19 to 29 years; 1900 kcal for women aged 30 to 59 years) were
used to calculate the recommended daily amounts of dietary fat. For the elderly, the
recommended fat intake was computed based on energy requirements of 2030 kcal for men and
1770 kcal for women.

RNI for adults

Men 19 - 29 years 62 - 75 g/day
30 - 59 years 61 - 73 g/day
Women 19 - 29 years 51 - 61 g/day
30 - 59 years 53 - 63 g/day

RNI for elderly
Men = 60 years 56 - 68 g/day
Women > 60 years 49 - 59 g/day
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Pregnancy and lactation

Fat is used for energy as well as critical building material for membranes (FAO, 2010).
During pregnancy, there is an additional requirement for dietary fat to provide for maternal fat
storage during the early trimester, and subsequent uterine growth, preparative development of
the mammary glands, the expansion of blood volume, and placental and foetal growth in the
second and third trimesters (FAO/WHO,1994). However, there is no indication that
recommendations for dietary total fat intake, expressed as a percentage of energy intake, need
to differ in pregnancy and lactation from those for non-pregnant, non-lactating women (Koletzko
et al., 2007). Although the recommended range of dietary fat remains at 25 - 30 % energy
during pregnancy, the increased dietary fat needs are reflected in the higher daily energy
requirements currently proposed for the first (+80 kcal), second (+280 kcal) and third (+470
kcal) trimesters (see Chapter 2 on Energy). Similarly, the increased dietary fat needs correspond
to the proposed addition of 500 kcal per day for lactation during the first 6 months.

RNI for
Pregnancy, 1+t trimester 54 - 65 g/day
Pregnancy, 2" trimester 60 - 71 g/day
Pregnancy, 3 trimester 65 - 78 g/day
Lactation, 1t 6 months 66 - 79 g/day

Recommendation for Linoleic Acid (LA) intake of infants (0 to 24 months)

The essential fatty acids, LA (18:2, n-6) and ALA (18:3, n-3) which cannot be
physiologically-synthesized are specifically critical in the diet of infants from birth to 2 years
(refer to section 3.5). Further DHA, which can be synthesized from ALA, is also considered
conditionally essential for the first six months as it plays a critical role in normal retinal and brain
development (FAQ 2010). The total diet should provide infants with at least 3.0 to 4.5 %TEl
from LA and 0.4 to 0.6 %TEI from ALA to meet essential fatty acids requirement.

0 to 6 months

Since the primary food source for this age group is human milk, it is conventional to
base the recommendation on the fatty acid composition of human milk (Appendix 3.4). There
is convincing evidence that adequate intake for DHA is 0.1 to 0.18 %TEIl and for both AA and
ALAto be 0.210 0.3 %TEI (FAO 2010). Optimal maternal milk feeding is sufficient to meet these
requirements.

6 to 24 months

There is convincing evidence that the adequate intake for EFAs for optimal growth and
development of this age group to be 3.0 to 4.5 % of TEI for LA and 0.4 to 0.6%TEI for ALA (FAQ
2010). The upper acceptable macronutrient distribution range suggested by FAO (2010) for LA
is <10%TEl and for ALA is <3%TEI at a probable level of evidence. The adequate intake for DHA
is 10-12 mg/kg at a probable level of evidence.
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Recommendation for children 2 to 18 years as regards to other fatty acids

FAO (2010) suggests that there is probable evidence to recommend an adequate intake range
of EPA + DHA intake targeted at preventing chronic disease (adjusted for age) of:

100 - 150 mg for 2 to 4 years
150 - 200 mg for 4 to 6 years
200 - 300 mg for 6 to 10 years

However, the currently available evidence does not permit defining an age-specific
quantitative estimate of recommended nutrient intake for EPA + DHA for children aged 2-18
years. There is currently insufficient evidence to link increased intake levels of DHA and/or EPA
to improved physical or mental development or specific functional benefits in children 2-18
years of age (FAQ, 2010)

Recommendation for Linoleic Acid (LA) intake for adults

The minimum requirement for EFA in humans to prevent biochemical and clinical
evidence of EFA deficiency is 1-2%TEI. For infants and adults, a dietary intake of at least 3%TE|
of LA is considered adequate (FAO/WHO, 1977).

During pregnancy, the additional demand for uterine, placental and foetal growth,
together with the increased maternal blood volume and mammary gland development, raises
the EFA requirement by 1.5%TEl in the maternal diet, adding up to a total of at least 4.5%TEIl
EFA.

Perinatal health effects of LCFAs have been most closely associated with improvement
of infant visual and cognitive function, treatment and prevention of maternal depression, and
slight increases in gestational length to reduce the prevalence of prematurity (FAO, 2010). Long-
term consequences of the impact of preformed DHA and AA intake for mothers and infants
have also been found to be either showing neutral or positive effects on health outcome. In
addition, there is compelling evidence showing intake of DHA and EPA and of AA combined
with DHA are not associated with toxicity for mothers, infants or children. Therefore, average
nutrient requirement for DHA is suggested to be 200mg per day with an upper nutrient limit of
1.0g per day based on no observed adverse effect level in randomised controlled trials. Further,
based on minimum adult acceptable macronutrient distribution range and an increment for
energy demands of pregnancy and lactation, a combined intake of DHA + EPA of 300 mg per
day is recommended by FAQO (2010) with an upper nutrient limit of 2.7 g per day. The upper
nutrient limit for AA is suggested to be 800 mg day while trans-fat should be kept as low as
practical.

As for other fatty acids, there is no compelling evidence showing energy requirements
from saturated, monounsaturated or total polyunsaturated is different in pregnancy and
lactation. Therefore, no changes are recommended on acceptable macronutrient distributions
for these nutrients (FAQ, 2010).
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In summary, this RNI for dietary fat intake for Malaysians Recommendations, as provided in
Appendix 3.5:

. Revised the minimum recommended intake for fat from 20 to 25%TEI with an upper
limit of 30%TEI and introduced an upper safe limit of 35%TEl for active adults.

J Proposed that for children and teenagers under 18 years the range has been set as 25
to 35%TEL.

. Maintained the recommended distribution of saturated fatty acids to be less than 10%TEl,
monounsaturated fatty acids to be between 12 to 15%TEl, n-6 polyunsaturated fatty
acids to be between 3 to 7%TEl and n-3 polyunsaturated fatty acids to be between 0.3
to 1.2%TEI.

J Specifically offers no recommendation for limits on dietary cholesterol intake for a
healthy population, with caution that dietary cholesterol-rich foods such as beef, pork and
shellfish also carry significant content of SFA which are known to increase TC and LDL-
C levels.

Research recommendations

The lack of local data linking the effect of dietary fatty acids intake with obesity,
cardiovascular disease and diabetes mellitus are challenges in determining the appropriate
recommendations for dietary intake for Malaysians. Currently, NHMS only reports the health
status and prevalence of pre-disease stage, such as hypercholesterolemia, whereas MANS only
reported the dietary intake patterns of healthy Malaysian population. No large-scale population
studies in Malaysia have correlated the effects of dietary intake patterns with health outcomes.
Below is the direction of future research required in Malaysia to make appropriate
recommendations for fat intake.

1. Population-based prospective cohorts to evaluate the effect of dietary fat intake,
specifically SFA and the type of SFA, MUFA and PUFA on CVD, obesity and diabetes
mellitus.

2. RCTs to compare the effect of substituting dietary fat with carbohydrate or protein in
iso-caloric diets.

3. Retrospective studies to investigate the dietary fat intake among CVD patients.
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Appendix 3.1 Fatty acid composition of selected dietary fats and oils

Tpe ol als | sk |muFa| PUFA| P15 | <12:0) 12:0 [ 14:0 | 16:0 | 16:1 [ 18:0 | 18:1 | 18:2 | 18:3 |Others
Coconutoil 919 65 15 002 149 485 176 84 - 25 65 15 - 0.1
Palm kernel oil 84.2 13.7 2.0 0.02 82 496 160 80 - 24 137 20 - 0.1
Cocoabutter 604 356 2.9 005 - - 01 258 03 345 353 29 - 1.1
Beef fat 506 421 2.8 006 01 01 33 255 34 216 387 22 06 46
Sheabutter ~ 46.0 480 51 011 - - - 50 - 410 480 51 - 09
Palm oil 449 434 108 024 - 03 08 395 03 43 431 105 03 05
Palmolein 424 440 118 028 - 02 08 372 04 42 436 115 03 03
Lard 387 482 110 028 01 01 14 248 31 123 451 99 11 3.0
Olive oil 188 682 146 078 - - - 165 1.8 23 664 130 16 0
Groundnutoil 9.6 712 182 189 - - 004 75 01 21 711 182 - 09
Corn ol 142 278 571 402 - - - 123 01 19 277 561 10 09
Soybeanoil  14.8 241 599 405 - - 01 108 02 39 239 521 7.8 12
Canola oil 74 560 356 481 - - - 56 - 18 560 258 98 1.0
Sunfloweroil 9.1 281 624 6.85 - 002 009 62 012 2.8 280 62.2 0.16 0.4
Safffoweroil 9.2 116 792 860 - - 01 67 01 24 115 790 015 0.1

Notes: values represent %/100g edible fat.
Sources: Dubois et al. (2007), Grundy & Denke (1990), Kris-Etherton et al. (1988), Orsavova et al.
(2015), Gunstone et al. (2007), and Karupaiah et al. (2005)
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Appendix 3.2a Malaysian foods with significant content of dietary fat (g/100g)

Food Total fat SFA MUFA PUFA TFA*
Fishes
Black Pomfret (Bawal Hitam) 2.3 0.94 0.14 0.71 N/A
Giant Seaperch (Siakap) 2.7 0.13 0.23 0.93 N/A
Golden Snapper (Jenahak) 1.3 0.42 0.94 0.51 N/A
Indian Mackerel (Kembong) 1.8 0.59 0.3 0.19 N/A
Silver Pomfret (Bawal Putih) 2.1 0.88 0.15 0.57 N/A
Yellowstripe scad (Selar Kuning) 2.1 0.83 0.29 0.14 N/A
Shellfish
Cockles (Kerang) 1.9 0.64 0.40 0.61 N/A
Cuttlefish (Sotong) 1.4 0.57 0.11 0.50 N/A
Oyster (Tiram) 1.2 0.56 0.82 0.34 N/A
Prawn (Udang) 1.1 0.31 0.11 0.46 N/A
Nuts and Seeds
Almond 49.4 3.7 30.9 12.1 -
Hazelnut 62.4 45 46.6 8.5 -
Peanut 49.7 6.9 24.6 15.7 -
Walnut 59.0 34 15.0 35.1 -
Confectionary
Chocolate wafer 27.3 62.3 27.9 6.4 2.72
Cooking chocolate 331 80.7 15.64 2.0 1.27
Fats, oils, spreads, dressing
Butter 80.6 57.8 31.7 5.9 1.32
Fat spread 734 36.3 394 23.2 0.22
Ghee 99.8 61.5 29.7 3.3 1.04
Margarine 77 46.5 36.3 16.8 0.36
Peanut butter 42 20.3 48.6 26.9 0.52
Salad dressing 45 14.5 22.7 61 0.18
Shortening 99.8 57 33.6 8.8 0.2
Vanaspati 99.8 50.6 37.9 10.7 0.43
Dairy-based products
Adult milk powder 25.6 58.9 30.8 5.2 1.65
Cheese 215 59.8 31.6 4.6 0.78
Children’s milk > 3 years 17.8 447 36.8 16.4 0.93
Children’s milk < 1 years 27.4 39.6 40.7 18.3 0.14
Ice cream 11.0 68.3 23.4 4.8 2.09

Source: Tee et al. (1997), Karupaiah et al. (2014), Abd. Aziz et al. (2013)

*relates to total TFA content as a sum of 18:1 n9t; 18:2 n6t; cis-9 t-12; t-9, cis-12; 18:3t1; 18:3t2; 18:3t4; and
18:3t5 excluding natural isomers of conjugated linoleic acid (cis-9,t-11).

N/A=not available
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Appendix 3.2b Malaysian foods with significant content of dietary fat (g/100g)

Food Total fat SFA MUFA PUFA TFA*
Soups
Soup, canned 45.8 10.7 54.6 323 0.09
Soup, concentrates 17.0 52.0 36.3 9.0 1.94
Snacks
French fries 2.55 51.3 36.9 10.8 0.26
Frozen Chappati/paratha 9.1 521 34.3 12.2 0.64
Frozen dough 55 48.9 37.8 12.2 0.28
Potato chips 32.7 38.3 453 15.1 0.24
Meat & products
Beef lean 1.1 0.6 0.4 0 N/A
Burger patties 13 409 434 12.3 0.08
Chicken thigh, farm with skin 3.7 1.1 1.8 0.8 N/A
Chicken thigh, farm, without skin 0.5 0.1 0.2 0.1 N/A
Hen egg 8.1 2.6 4.7 0.8 N/A
Mutton 4.6 2 2.4 0.2 N/A
Nuggets 15 43.5 421 13.1 0.18
Pork fat 89.3 37.8 459 5.5 N/A
Pork lean 21 7.9 11 2.1 N/A
Prawn 0.3 0.1 0.1 0.1 N/A
Sausages 13.8 311 459 21.3 0.15
Popular Street Foods
Char Siew Pau 15.4 7.2 7 1.2 N/A
Chicken rice 4.6 1.8 2.1 0.7 N/A
Curry laksa 6.4 4.4 1.4 0.6 N/A
Dosai 0.7 0.4 0.2 0 N/A
Fried Kueh Tiau 9.7 3.9 4.5 1.2 N/A
Fried mee - Hokkien 6.6 2.7 3 0.9 N/A
Fried mee - Indian style 9 5.6 2.3 1.1 N/A
Lor Mai Kai 5 1.9 2.4 0.7 N/A
Nasi goreng cina 13.2 5.3 6.5 1.4 N/A
Nasi lemak 3.6 2 1.1 0.5 N/A
Satay 10.8 3.6 4.6 2.6 N/A

Source: Tee et al. (1997), Karupaiah et al. (2014)

*relates to total TFA content as a sum of 18:1 n9t; 18:2 n6t; cis-9 t-12; t-9, cis-12; 18:3t1; 18:312; 18:3t4;
and 18:3t5 excluding natural isomers of conjugated linoleic acid (cis-9,trans-11).

N/A=not available
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Appendix 3.3 Local fish choices with varying fat content, Cold water fish and Overall rich sources
of fatty acids content

Food group Sources

Low fat fish (<1g/100g) Kikek, bulus-bulus, toman, stingray, grouper, seluang, nyior-nyior,

baung.

Moderate fat fish (1-3g/1009) Dory, cencaru, black pomfret, sepat, ikan parang, tenggiri, gelama,

jenahak, pelata, kerisi, ikan merah, selar, tilapia, belida.

High fat fish (>39/100g) Siakap, keli, patin, senangin, kembong, white pomfret.

Deep sea cold fish Tuna, sardines, cod fish, salmon.

SFA Coconut oil, santan, palm kernel oil, palm oil, beef, pork, milk,
yogurt, cheese

MUFA Olive oil, Canola oil, peanut oil, almond, peanut, hazelnut, palm oil
n-6 PUFA Soybean oil, sunflower oil, corn oil, tofu, tempeh, walnut
n-3 PUFA Soybean oil, Canola oil, fish, walnut

Appendix 3.4 Composition of human breast milk in comparison to cow’s milk

Nutrients Human hre_ast milk Cow’s [nilk
Concentration (g/L) Concentration (g/L)

Protein
Total whey protein 67.3 6.3
Immunoglobulins 1.3 0.7
Lactoferrin 1.5 0.1
a-lactalbumin 1.9 1.2
Total caseins 2.7 26
Carhohydrate
Lactose 67 53
Oligosaccharides 0.05-0.20 -
Fat 32-36 33
Triglycerides 97-98% 97%
AA 0.35-0.70 % total fat N/A
DHA 0.17-1.0% total fat N/A

Source: Nguyen et al. (2015), Koletzko et al. (2008)
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Appendix 3.5 Comparison of recommended intake of fat and its components: RNI Malaysia (2017),
RNI Malaysia (2005), FAO (2010) and I0M (2006)

Malaysia Malaysia FAQ 10M
a a b
Nutrient : ng /gLrI;ﬁ p (2017) (2005) (2010) (2006)
g/day % TEI % TEI % TEI % TEI
Total fat Infants (Boys)
0 -2 months 21-31 40-60 50-60 40-60  30-40
3 -5 months 24 - 36 40 - 60 50-60 40-60  30-40
6 — 8 months 21-28 30-40 30-40 ~ 35 30-40
9-11 months 24 -32 30-40 30-40 ~ 35 30-40
Infants (Girls)
0 -2 months 19-28 40 - 60 50-60 40-60  30-40
3 -5 months 22 -33 40-60 50-60 40-60  30-40
6 — 8 months 19-25 30-40 30-40 ~ 35 30-40
9 -11 months 22-29 30-40 30-40 ~ 35 30-40
Children (Boys)
1-3years 27 -38 25-35 25-35 25-35  30-40
4 - 6 years 36 - 51 25-35 20-30 25-35 25-35
7 -9 years 49 - 68 25-35 20-30 25-35 25-35
Children (Girls)
1-3years 25-35 25-35 25-35 25-35  30-40
4 -6 years 34-47 25-35 20-30 25-35 25-35
7 -9 years 45 -63 25-35 20-30 25-35 25-35
Adolescents (Boys)
10— 12 years 54 -75 25-35 20-30 25-35 25-35
13 - 15 years 61-86 25-35 20-30 25-35 25-35
16 — 18 years 65-91 25-35 20-30 25-35 25-35
Adolescents (Girls)
10 - 12 years 48 - 67 25-35 20-30 25-35 25-35
13 - 15 years 50-70 25-35 20-30 25-35 25-35
16 — 18 years 53-74 25-35 20-30 25-35 25-35
Adults (Men)
19 - 29 years 62-75 25-30°¢ 20-30 20-35 20-35
30 - 59 years 61-73 25-30°c 20-30 20-35 20-35

> 60 years 56-68 25-30 20-30 20-35 20-35
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Malaysia Malaysia FAQ 10M
; (2017) (2005)2 (2010) (2006)°
Nutrient DA
stage group
g/day % TEI % TEI % TEI % TEI
Adults (Women)
19 -29 years 51-61 25-30¢ 20-30 20-35 20-35
30 - 59 years 53-63 25-30°c 20-30 20-35 20-35
> 60 years 49 -59 25-30 20-30 20-35 20-35
Pregnancy
1st trimester 54 - 65 25-30¢ 20-30 20-35 20-30
2nd trimester 60 - 71 25-30¢ 20-30 20-35 20-35
3rd trimester 65-78 25-30¢ 20-30 20-35 20-35
Lactation
1st 6 months 66-79 25-30¢ 20-30 20-35 20-35
n-6 PUFA General population - 30-70 30-70 25-90 5-10
(linoleic acid)  Pregnancy - 50-70 5.0-70 - -
Lactation - 50-70 50-70 - -
n-3 PUFA General population - 03-12 03-12 05-20 06-12
(ALA+EPA+
DHA)
Saturated - <10 <10 10 Low
fatty acids
Monounsaturated - 12-15 12-15 By diff. -
fatty acids
Trans fatty - <1 <1 <1 Low
acids

aNCCFN (2005); ® Otten et al. (2006); © for active men and women with normal BMI up to 35% TEI from fat is a

safe limit
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4 ¢ Carbohydrate

Introduction

Carbohydrates may be classified according to their degree of polymerisation (DP) and
may be divided into three principal groups i.e. sugars (DP 1-2; monosaccharides, disaccharides,
polyols), oligosaccharides (DP 3-9; malto-oligosaccharides, other oligosaccharides) and
polysaccharides (DP =10; starch, non-starch polysaccharides). Each of these three groups may
be further subdivided on the basis of the monosaccharide composition of the individual
carbohydrates. The FAO/WHO Consultation (1998) pointed out that there could be several
problems associated with the use of the term “total carbohydrates” in most food composition
tables. Firstly the figures given are obtained “by difference” and are therefore not very accurate.
Moreover, a single global figure for carbohydrates in food was felt to be uninformative because
it fails to identify the major types of carbohydrates in a food and thus to allow some
understanding of the potential physiological properties of these carbohydrates.

With regard to the terms available and unavailable carbohydrates, the FAO/WHO
Consultation suggested that in view of the improved understanding of carbohydrate physiology,
a more appropriate substitute for these terms would be to describe carbohydrates as glycaemic
(i-e. providing carbohydrate for metabolism) or non-glycaemic. The Consultation also suggested
the use of the term “complex carbohydrate” to substitute starch is inappropriate and it is better
to discuss carbohydrate components by using their common chemical names.

The FAO/WHO Scientific Update in 2006 still recommended the main classification based
on chemistry division, whilst recognizing that the classification should also include aspects of
physical effects (food matrix), functional/ physiological effects and health consequences
(Cummings & Stephen, 2007). This is because chemistry divisions of carbohydrate are complex
and does not provide practical basis into nutritional effects, and thus lead to numerous terms
being employed.

Meanwhile, European Food Safety Authority (EFSA, 2010) and Scientific Advisory
Committee on Nutrition of United Kingdom (SACN, 2015) suggested to classify carbohydrates
based on their nutritional properties rather than their chemical characteristics: glycaemic
carbohydrate as “carbohydrates digested and absorbed in the human small intestine”.

Sugars are also part of carbohydrates. The term sugars is conventionally used to describe
mono- and di-saccharides (FAO/WHO, 1998). “Free sugars” is a new term introduced by WHO
and refers to all monosaccharides and disacharides added to foods and beverages by the
manufacturer, cook or consumer, as well as to sugars naturally present in honey, syrups and
fruit juices concentrates. However, free sugar does not include sugars naturally present in milk
(lactose), whole fruit (fructose, glucose) and vegetables (fructose, sucrose) as there is no report
of adverse effect (WHO, 2015). According to Van Horn et al. (2010), the American Heart
Association (AHA) and SACN (2015) uses the term “added sugars” to refer to sugars and syrup
added to foods during processing or preparation, and sugars and syrups added at the table.
Therefore, based on the definitions used by WHO (2015) and by SACN (2015), free sugars and
added sugars turn out to be the same terminology.
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The main components of dietary fibre are derived from the cell walls of plant material in
the diet and comprise cellulose, hemicellulose and pectin (the non-starch polysaccharides).
Lignin, a non-carbohydrate component of the cell wall is also often included. The concept of
dietary fibre has changed over the years. Fibre was originally described as plant cell wall material
which simply passed through the gut unchanged and provided bulk to faeces. There is currently
no consensus as to which components of carbohydrates should be included as dietary fibre.
The American Association of Cereal Chemists AACC (2001) adopted the definition of dietary
fibre as the edible parts of plants or analogous carbohydrates that are resistant to digestion
and absorption in the human small intestine with complete or partial fermentation in the large
intestine.

Dietary fibre has been revised and defined differently by different organizations during
the last decade. In 2011, AACC continued to adopt the definition of dietary fibre they had been
defined in 2001. Another definition of dietary fibre is that fraction of the edible part of plants
or their extracts, or synthetic analogue that (i) are resistant to the digestion and absorption in
the small intestine, usually with complete or partial fermentation in the large intestine; and (ii)
promote one or more of the benefit physiological effects which is laxation, reduction in blood
cholesterol and/or modulation of blood glucose (FSANZ, 2006).

In Malaysia, dietary fibre means carbohydrate polymers with three or more monomeric
units which are not hydrolysed by the endogenous enzyme in the small intestines of human and
belong to the following categories:

i) Edible carbohydrate polymers naturally occuring in the food as consumed,

ii) Carbohydrate polymer, which have been obtained from raw food material by physical,
enzymatic or chemical means and which have been shown to have physiological effect
that benefits health as demonstrated by generally accepted scientific evidence to
competent authorities,

i) Synthetic carbohydrate polymers which have been shown to have physiological effect of
benefit to health as demonstrated by generally accepted scientific evidence to competent
authorities.

It is to be noted that when derived from the plant origin, dietary fibre may include fraction
of lignin and/or other compounds associated with polysaccharides in the plant cell walls. These
compounds also may be measured by certain analytical method(s) for dietary fibre. However,
such compounds are not included in the definition of dietary fibre if extracted and reintroduced
into a food. The above definition of dietary fibre is based on that of Codex Alimentarius (2016)
and steps shall be taken to amend the Malaysian Food Regulations (1985), accordingly.




Recommended Nutrient Intakes

for Malaysia
Carbohydrate
4.2  Functions
Total carbohydrates

Carbohydrates are an important source of energy in human diets comprising some
40 - 80% of total energy intake (TEl). There are several reasons why it is desirable that
carbohydrates should provide the main source of energy (FAO/WHO, 1998). In addition to
providing easily available energy for oxidative metabolism, carbohydrate-containing foods are
vehicles for important micronutrients and phytochemicals. Dietary carbohydrate is important
to maintain glycaemic homeostatis and for gastrointestinal integrity and function.

It is important to note that the nature of dietary carbohydrate is more critical on health
effects rather than the quantity of total energy obtained from carbohydrate intake (Mann et al.,
2007). There is evidence that sugar-sweetened beverages do not induce satiety to the same
extent as solid forms of carbohydrate and increasing the consumption of sugar-sweetened
beverages induce weight gain.

Carbohydrate-containing foods such as wholegrains, legumes, vegetables and whole
fruits are recognized to be able to reduce the risk of diabetes and cardiovascular disease (Mann
et al., 2007). However, Scientific Advisory Committee on Nutrition (SACN, 2015) emphasized
that the effects on health mainly depends on specific components of carbohydrates. For
example, excess sugar-sweetened beverage is associated with greater risk of developing type-
2 diabetes mellitus, weight gain and body mass index. Jakobsen et al., (2010) conducted a
longitudinal observational study among 5000 Danish subjects over 12 years. It was
acknowledged that substituting saturated fat with carbohydrates will reduce cardiovascular risk
only if these carbohydrates have low glycaemic index. This study also concluded that high
glycaemic index carbohydrates remarkably increase the risk of myocardial infarction. Diet higher
in glycaemic index or glycaemic load is associated with higher risk of type-2 diabetes mellitus.
There is no evidence from prospective cohort studies on association between glycaemic index
and cardiovascular disease or coronary heart disease. However, there is association between
glycaemic load with greater risk of cardiovascular disease, but only reported in a small number
of studies (SACN, 2015).

Sugars

Free sugars contribute to the overall energy density of diets, and may promote a positive
energy balance. Sustaining energy balance is critical to maintaining healthy body weight and
ensuring optimal nutrient intake (FAO, 2010). There is increasing concern that intake of free
sugars - particularly in the form of sugar-sweetened beverages - increases overall energy intake
and may reduce the intake of foods containing more nutritionally adequate calories, leading to
an unhealthy diet, weight gain and increased risk of NCDs (Hauner et al., 2012, Malik et al.,
2013). Another concern is the association between intake of free sugars and dental caries,
which has received increasing interest in recent years (Sheiham & James, 2014).
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Dietary fibre

Dietary fibre is not categorised as an essential nutrient. However, over the years, it has
become recognised as an important component of a healthy diet and plays important roles in
health and disease. Evidence from prospective cohort studies have shown that dietary fibre are
asociated with lower risk of cardio-metabolic diseases and colorectal cancer (SACN, 2015).

Dietary fibre is also known to be an important moderator of digestion in the small bowel
and insufficient intake from the diet can result in inadequate faecal bulk and may affect overall
health. It is a major substrate for fermentation in the colon, where non-starch polysaccharides
of the plant cell wall are metabolised to short-chain fatty acids. Absorption of the latter provides
some energy. In addition, it has been shown that other carbohydrates are present in the diet
which enter the colon and are fermented, including resistant starch and non-digestible
oligosaccharides.

Recent evidence indicated that naturally-occurring dietary fibre which can be found in
whole grains, legumes, vegetables and whole fruits have protective effect against cardiovascular
disease and type-2 diabetes mellitus, although there were some inconsistencies in study results.
The EFSA Panel noted that consumption of diets rich in fibre-containing foods greater than 25¢g
per day give health benefits, such as reduced risk of coronary heart disease and type-2 diabetes,
and weight maintenance among adults (EFSA, 2010).

The Dietary Guidelines Advisory Committee (USDA, 2015a) in their conclusion
statements described the dietary patterns associated with beneficial health outcomes. They
concluded that there is strong evidence for reduce cardiovascular risk with dietary patterns
characterised by higher consumption of vegetables, fruits, whole grains, regular consumption
of nuts and legumes and diets that are richer in fibre. There was moderate evidence for reduce
risk of overweight and obesity, type-2 diabetes and cancer in dietary patterns that are higher in
vegetables, fruits and whole grains. These statements about healthy dietary patterns indicate
the importance of foods that are rich in dietary fibre for prevention of diet-related chronic
diseases.

4.3 Metaholism

Glucose plays the main role in carbohydrate metabolism. Every body cells depends on
glucose for its fuel especially the cells of the brain and the rest of the nervous system. The
breakdown of glucose begins with glycolysis, a pathway that produces pyruvate. Pyruvate may
be converted to lactate anaerobically or to acetyl CoA aerobically. Once the commitment to
acetyl CoA is made, glucose is not retrievable. As carbohydrate is known to be a chief energy
nutrient, its metabolism is described by storing glucose as glycogen, using glucose for energy,
making glucose from protein which is called gluconeogenesis, making ketone bodies from fat
fragments when there is inadequate supply of carbohydrate and in contrary or when
carbohydrate is abundant, the body will be using glucose to make fat (Rolfes et al., 2009).
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Sources

Food balance sheet data (FAOSTAT 2013) over the years have shown that the major
sources of carbohydrates in the human diet are cereals, root crops, sugar crops, pulses,
vegetables, fruits and milk products. In the Malaysian diet, starch is naturally abundant in grains
and vegetables such as rice, wheat, maize, barley, cassava, potatoes and sweet potatoes. Natural
sugars are found in fruits and juices. Sources of added sugars in diets are carbonated drinks,
fruit juices/drinks, desserts, cakes, biscuits and candies. Wholegrains, legumes, vegetables
and whole fruits are the most appropriate sources of carbohydrates.

Carbohydrates serve as the main source of energy for many communities. However,
there has been a fall in carbohydrate intake in many countries. In Malaysia, the trend for
carbohydrate intake after a decade has declined from 220g in 2003 to 195g in 2014 among
adults as reported by Wan Shakira et al. (2015). Wan Nazaimoon et al. (2011) reported that the
prevalence of obesity in Malaysia kept increasing over the years. Despite the consumption of
carbohydrate within the recommendation, the increasing prevalence of obesity may be because
most of the carbohydrate food choices are high in sugar. This is supported by latest report
showing the consumption of sugar/sweetened foods was quite high. From the latest Malaysian
Adult Nutrition Survey (2014), the 20 to 29 years age group, Bumiputera Sarawak government
and semi-government staffs have notably higher intake of carbohydrates (median = 200g, 212g,
203g, respectively) compared with other groups. From the analysis of food balance sheet data
over the past three decades, the intake of carbohydrates, notably cereals, has declined from 60%
in the 1960s to 40% in the late 1990s (Tee, 1999). There has also been a clear decline in the
proportion of energy from carbohydrate from 72% in the 1960s to about 60% in the 1990s.
Within these national averages, there is considerable variations in between rural and urban
population groups.

Based on food balance sheet data (FAOSTAT 2013), per capita supply of sugar (from
sugar crops comprising cane and beet sugar, and sugar and sweeteners comprising raw sugar,
honey, other sweeteners) available for consumption in Malaysia increased from 297 kcal/day
in 2005 to 385 kcal/day in 2009, contributing 10.5 and 13.3 percent, respectively, of total
available calories for these two periods (Amarra et al., 2016).

Meanwhile, Malaysian Adults Nutrition Survey 2003 (MANS), reported that sugar-
containing foods that contributed most to the energy intakes of Malaysian adults were beverages
to which sugar is added during preparation such as cordial syrup, tea, coffee, chocolate
flavoured beverages, condensed milk added to beverages and local kuih (starchy traditional
cakes). Less than 1.2% of the daily caloric intake was obtained from jam, carbonated drinks,
and “ABC ice” (shaved ice topped with syrup, nuts and beans) (Amarra et al., 2016).

Dietary fibre is present in majority of fruits, vegetables and refined grains (I0M, 2002).
Nuts, legumes and high fibre grain typically contained more than 3% of dietary fibre. About a
third of the fibre in legumes, nuts, fruits and vegetables is present as hemicellulose.
Approximately one-fourth of the fibre in grains and fruits and one-third in nuts and vegetables
consist of cellulose. Although fruits contain the greatest amount of pectin, 15-20% of pectin is
found in legumes, nuts and vegetables.
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Deficiencies and Excesses

Fats and amino acids (basic components of proteins) are utilized for energy when
glucose production or availability decreases below that required for the complete energy
requirements of the brain,. However, in order to provide the brain with an alternative fuel, this
route of energy production results in a rise of ketoacid in the liver. This process is referred to
as a ketosis. Generally this occurs in a starving person only after glycogen stores in the liver
are reduced to a low concentration and the contribution of hepatic glycogenolysis is greatly
reduced or absent. Prolonged deprivation leads to the symptoms and diseases connected with
severe carbohydrate short fall (Veech, 2004).

FAO/WHO (1998) highlighted that the minimal amount of carbohydrate in the human
diet that is needed to avoid ketosis is 50g/day in adults. However, there is increasing evidence
in the literature, suggesting that very-low-carbohydrate ketogenic diets (usually less than
50g/day and a relative increase in the proportions of protein and fat) could have a therapeutic
role in numerous diseases. The use of very low ketogenic diet in treating epilepsy has been
well-established for many decades and these ketogenic diets are commonly considered to be
a useful tool for weight control and many studies suggest that they could be more efficient than
low-fat diets (Dashti et al., 2004). There are new and exciting scenarios about the use of
ketogenic diets in cancer, type-2 diabetes, polycystic ovary syndrome (PCQOS), cardiovascular
and neurological diseases.

There is no adverse effect of high intakes of unrefined complex carbohydrate. However,
overconsumption of added sugars has been linked to risk of obesity. It is recommended that the
dietary reference value for total carbohydrate intake should be approximately 50% of total
dietary energy and the average population intake of free sugar should not exceed 5% of total
dietary energy for age group from two years upwords (SACN, 2005).

Total carbohydrate intake appears to be neither detrimental nor beneficial to cardio-
metabolic health, colorectal health and oral health. However, there are specific components or
sources of carbohydrates which are associated with other beneficial or detrimental health
effects. The hypothesis that diets higher in total carbohydrate cause weight gain is not supported
by existing evidence (SACN, 2015). However, studies showed that consumption of sugar-
sweetened beverages, as compared with non-calorically sweetened beverages among children
and adolescent results in greater weight gain and increases in body mass index. Higher
consumption of sugars and sugars-containing foods and beverages is associated with a greater
risk of dental caries while studies indicate that greater consumption of sugar-sweetened
beverages is associated with increased risk of type-2 diabetes mellitus (SACN, 2015).

There is no association between total starch intake and incidence of coronary events or
type-2 diabetes mellitus or between the intake of refined grains and risk of type-2 diabetes
mellitus. Consumption of brown rice is associated with reduction in risk of type 2 diabetes
melllitus, but the evidence is limited. Studies indicate an association between greater
consumption of white rice and increased risk of type-2 diabetes mellitus in the Asian population,
specifically in Japan and China (SACN, 2015).
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Dietary fibre can have variable compositions and therefore it is difficult to link a specific
source of fibre with a particular adverse effect, especially when phytate is also present in the
natural fibre source. It is concluded that as part of an overall healthy diet, a high intake of dietary
fibre will not produce deleterious effects in healthy individuals. While occasional adverse
gastrointestinal symptoms are observed when consuming some isolated or synthetic fibres,
serious chronic adverse effects have not been observed. Due to the bulky nature of fibres,
excess consumption is likely to be self- limiting. Therefore, a tolerable upper intake level (UL)
was not set for individual functional fibres. Strong evidence that increased intake of total dietary
fibre, and particularly cereal fibre and wholegrain, are associated with lower risk of cardio-
metabolic disease and colo-rectal cancer. Higher intake of oat bran and isolated p-glucans leads
to lower total cholesterol, LDL cholesterol ang tricyglycerol concentration and lower blood
preasure (SACN, 2015).

Factors affecting requirements of carbohydrate

The minimal amount of carbohydrate required, either from endogenous or exogenous
sources, is determined by the brain’s requirement for glucose (I0M, 2002). The brain is the
only true carbohydrate-dependent organ in that it oxidises glucose completely to carbon dioxide
and water. Normally the brain uses glucose almost exclusively for its energy needs. The
endogenous glucose production rate in a post-absorptive state correlates very well with the
estimated size of the brain from birth to adult life. However, not all of the glucose produced is
utilised by the brain. The requirement for carbohydrate has been reported to be 130 g/day in
adults (I0M, 2002/2005). However, the brain can adapt to a carbohydrate-free, energy sufficient
diet, or to starvation, by utilising ketoacids for part of its fuel requirements.

Carbohydrate is a key fuel source for exercise, especially during prolonged continuous
or high-intensity exercise. Carbohydrate requirements are dependent on the fuel needs of the
athlete’s training and competition program. It is recommended to take carbohydrate in range
of 6-10g/kg of body weight depending on sex and physical fitness of the individual, total training
load, energy expenditure, type of physical activity and environment (Hassapidou, 2011).

Athletes seem to benefit from 200 to 300 grams of carbohydrates consumed 3-4 hours
before a sports event. During exercise, athletes should consume 30-60 grams of carbohydrates
per hour (or 0.7g/kg of body weight) in order to maintain blood glucose levels. This is very
important when the event lasts more than an hour and takes place in extreme environmental
conditions (e.g. cold, heat or high altitude). After exercise, athletes should consume 1.0-1.5g/kg
of body weight during the first half hour and again every 2 hour for 4-6 hours in order to replace
liver and muscle glycogen stores (Hassapidou, 2011).

The available evidence based on majority of studies on the relationship of dietary fibre
to gastrointestinal health, several chronic diseases (such as colon cancer, breast cancer),
glucose tolerance, insulin response as well as weight control and maintenance, indicated that
the beneficial effects of fibre in humans are most likely related to the amount of food consumed
but not the individual’s age or body weight (I0M, 2002).
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4.7 Setting requirements and recommended intakes of carbohydrate
Total carbohydrates

Acceptable ranges of intake for each of these energy sources were set based on a
growing body of evidence that shows that macronutrients play a role in the risk of chronic
disease. It is defined as a range of intake for a particular energy source that is associated with
reduced risk of chronic diseases, such as coronary heart disease (CHD), obesity, diabetes and/or
cancer, while providing adequate intakes of essential nutrients. These ranges are also based on
adequate energy intake and physical activity to maintain energy balance. For example, studies
have shown a connection between low-fat and high-carbohydrate diets has decreased high
density lipoprotein (HDL) cholesterol in the bloodstream, an indicator associated with increased
risk of CHD. Conversely, diets too high in fat may result in increased energy and saturated fat
intake, and therefore lead to increased risk of obesity and its complications, such as CHD (IOM
2006).

FAO/WHO Scientific Update (2007) acknowledged the need to re-evaluate the current
carbohydrate intake range (55-75% of total energy) as the rationalization for recommended
lower limit is still lacking. The Scientific Update also suggested the revision using lower limit
of 50% total energy was used, similar as recommendation from Scientific Advisory Committee
on Nutrition (2015). This range was based on the remaining percentages of protein energy (10-
15%) and fat energy (15-30%). Carbohydrate intake, in particular, was set at 50 to 70% of total
energy. A daily minimum intake of 400g of vegetables and fruits, including at least 30g of pulses,
nuts and seeds, should meet this recommendation.

The I0M (2002) report indicated that the RDA for carbohydrate is based on the average
minimum amount of glucose that would provide the brain with an adequate supply of glucose
fuel without the requirement for additional glucose production from ingested protein or
triacylglycerols, which is set at 130g/day for adults and children. The median intake of
carbohydrate has been derived from data from the Continuing Food Survey of Intakes by
Individuals (CSFII) in 1994-1996 and 1998 i.e. 200g to 330 g/day for men and 180g to 230
g/day for women. This represents 45% to 65% of energy sufficient diet containing an Acceptable
Macronutrient Distribution Range of carbohydrate intake. Food Standard Australia New Zealand
(FSANZ, 2006) has also set the range of carbohydrate to be between 45% to 65% of energy
(predominantly from low energy density and/or low glycaemic index foods). The upper bound
carbohydrate recommendations were set so as to accommodate the essential requirements for
fat (20%) and protein (15%) and taking into account that the types of carbohydrates consumed
are of paramount importance in relation to their health effects.

The Technical Sub-Committee (TSC) on Energy and Macronutrients considered these
various recommendations including revising the previous RNI Malaysia (2005) carbohydrate
recommendation of 55-70% TEI and adopting the term free sugars from WHO (2015). It was
felt that the appropriate proportion of energy from carbohydrate should be 5% lower from the
previous RNI Malaysia (2005) due to reduction of free sugars recommendation from 15% to
10% of total carbohydrate. The TSC recommended that in the revised RNI, carbohydrate should
comprise 50-65% TEI. This decision also takes into consideration the proportion of energy
contributed by protein and fat, described in chapters 2 and 3 of this monograph.
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Sugars

The population nutrient intake goals of WHO (2003) for the prevention of diet-related
chronic diseases has recommended that not more than 10% of total energy should be from free
sugars. WHO (2015) and Scientific Advisory Committee on Nutrition (2015) also recommended
a further reduction of free sugars to 5% as there is no harm to further limit free sugars intake.
The DRI committee of IOM (2002) has recommended an upper limit of 25% of total energy for
sugar intake.

Based on food balance sheet data for Malaysia, the available sugars in the country was
estimated to be about 86 g/day or 13% of total energy in 1985. This was found to have increased
to 104 g/day or 14% of total energy in 2002 (FAO, 1985; 2002). Based on Food Balance Sheets,
it was showed that the amount of available sugar and sweeteners (kg per capita per year) has
increased almost 70% (from 28.8kg to 48.7kg) between year 1967 to 2007 and Malaysia ranks
second (48.7kg per capita per year) only to United States (67.6kg per capita per year) as
countries with most sugar and sweeteners availability (Khor, 2012). Study conducted by Nik
Shanita et al. (2012) concluded that mean intake of added sugar of adults in Klang Valley was
approximately 9 teaspoons or 45.5+28.8 g/day. In addition, latest Malaysian Adults Nutrition
Survey in 2014 deduced that sugar (white, brown and Melaka) is one of the top five foods
consumed daily (55.9%), especially by adults from urban areas. The survey also concluded
that the consumption of sugar and sugar-based foods contributed to at least 4 food items in a
day (= 6.5 times/ day).

However, a review by Amarra ef al., (2016) showed that there is insufficient evidence to
allow an estimation of intake levels of added sugar among different age groups in Malaysia, and
to identify major sources of added sugar. National level data obtained from MANS in 2003 is
outdated. While, data from MANS (2014) only indicated the list of commonly eaten foods and
drinks containing sugar consumed by Malaysian adults (Table 4.1) but not the estimation of total
sugar intake, hence another national assessment of sugar intake is needed.
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Table 4.1 Some commonly eaten foods and drinks containing sugar consumed by Malaysians

Food items (%)
Local kuih 79.9
Tea 70.4
Malted drink 591
Condensed milk 51.3
Carbonated drinks 457
Cake 38.5
Kaya 353
Cordial syrup 34.4
Ready-to-drink beverage 30.8
Pre-mixed drink 28.8
Ice blended 25.8
Jelly/ custard 18.4
Yoghurt drinks 14.0
Energy drinks 12.6

Source: Institute for Public Health (2014)

A high level of free sugars intake is of concern because of its association with poor
dietary quality, obesity and risk of NCDs (WHO, 2014). However, WHO (2015) in their Guidelines
Sugars Intake For Adults and Children, agreed that excess weight gain and dental caries should
be the key outcomes of concern in relation to free sugars intake. Risk of developing type 2
diabetes and CVD is often mediated through the effects of overweight and obesity, among other
risk factors. Therefore, measures aimed at reducing overweight and obesity are likely to also
reduce the risk of developing type 2 diabetes and CVD, and the complications associated with
those diseases (WHO, 2015).

Fructose or fruit sugar is a simple monosaccharide found in many plants and honey. It
can be found in its monosaccharide form or can be bound to glucose with a disaccharide bond
in sucrose. Fructose is one of the three dietary monosaccharides, along with glucose and
galactose. The primary dietary sources of fructose are high-fructose corn syrup and sucrose
(cane or beet sugar) because both are commonly used to sweeten beverages and processed
foods. Fructose is sugar that is naturally present in fruits and vegetables (Mintz, 1985)

Tappy & L& (2015) in their review of health effect of fructose and FCCS, concluded that
a high-fructose diet can increase blood triglyceride, alter hepatic glucose output and increase
uric acid concentratrations. Whether these effects are associated with increase risk of metabolic
or cardiovascular disease independently of an increase in body fat mass remains debatable.
Tappy & L& (2015) also highlighted that epidemiological prospective studies show a strong
association between fructose-containing caloric sweeteners (FCCS) intake and body weight
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gain. Furthermore, FCCS consumption is also associated with the incidence of dyslipidemia,
insulin resistance, and type-2 diabetes, incidence or risk factors for cardiovascular diseases,
cardiovascular mortality, chronic kidney diseases, hyperuricemia and gout. In human studies,
fructose is associated with increasing hepatic fat, inflammation, and possibly fibrosis (Vos &
Lavine, 2013).

High fructose intake has been suggested to be a key factor that induces non-alcoholic
fatty liver disease (NAFLD), but the evidence from large epidemiologic studies is lacking.
However, the results of a cross-sectional study among older Finnish adults showed that high
intake of fructose is not associated with a higher prevalence of NAFLD as assessed by using the
Fatty Liver Index and NAFLD liver fat score (Kanerva et al., 2014).

In both adults and children, WHO (2015) strongly recommended reducing the intake of
free sugars to less than 10% of total energy intake. These recommendations were based on the
totality of evidence reviewed regarding the relationship between free sugars intake with body
weight and dental caries. WHO suggested a conditional recommendation for a further reduction
of the intake of free sugars to below 5% of total energy intake. However, based on limited studies
involving relatively small samples, the intake of added sugar of Malaysian adults and children
appears to exceed 10% of total calories. This exceeds the 2015 sugar intake recommendation
by WHO, which indeed is advocating for a further reduction in the intake of free sugars to below
5% of total energy intake (Amarra et al., 2016).

The TSC on Energy and Macronutrients considered the recommendations of WHO and
IOM and the local dietary pattern and recommends that intake of free sugar should be less
than 10% of total energy intake. This is felt to be a realistic figure and appropriate advice for
the local population based on limited data on sugar intake of the population.

Glycaemic response, glycaemic index and glycaemic load

Carbohydrate-containing foods have a wide range of effects on blood glucose
concentration during the course of digestion (glycaemic response). A significant body of data
suggests that more slowly absorbed starchy foods that are less processed, may have health
advantages over those that are rapidly digested and absorbed (IOM, 2006).

Glycaemic index (GI) has been proposed as a method to classify foods based on their
blood glucose-raising potential. It is defined as the incremental area under the blood glucose
response curve of a 50g of carbohydrate portion of a test food expressed as a percentage of the
response to the same amount of carbohydrate from a standard or reference food (white bread
or glucose) taken by the same subject (FAO/WHO, 1998).

Atkinson et al., (2008) have compiled the average Gl of 62 common foods derived from
multiple studies. Soy beans have the lowest value of GI (16+1) and rice crackers/ crisp has the
highest value (87+2). The Gl of the standard food is expressed as 100. According to
International Standard ISO 26642:2010 (2010), Gl can be sorted into three groups: a Gl value
below 55 is defined as low, 56 to 69 as moderate and 70 and above as high. The Consultation
report also explained how Gl can also be applied to mixed meals or whole diets by calculating
the weighted Gl value of the meal or diet.
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The concept of glycaemic load (GL) stresses the fact that the amount of carbohydrate in
a food is important in determining fasting triglyceride and the post-prandial plasma glucose
response (Table 2). The GL, the product of the food carbohydrate content by its Gl, divided by
100 (GL=GI/100 x carbohydrate content) is a measure that incorporates both the amount and
quality of dietary carbohydrate. According to Venn & Green (2007), GL value can be classified
as low (<10), moderate (10-19) and high (=20). The GL of a specific food serves as a basis to
evaluate the total GL of the diet. Hence, a food with very high GI but with only a small amount
of carbohydrate will have a small GL. Dietary Gl and GL have relatively predictable effects on
circulating glucose, hemoglobin Alc, insulin, triacylglycerol, high density lipoprotein (HDL)
cholesterol, and urinary C-peptide concentrations. As such, it is theoretically plausible to expect
alow Gl diet to reduce risk of type-2 diabetes and cardiovascular disease. However, the sufficient
evidence needed to recommend substantial dietary changes based on Gl is not available (I0M,
2006).

Table 4.2 Food factors influencing glycaemic responses

e Amount of carbohydrate

Nature of monosaccharide components
Glucose
Fructose
Galactose

Nature of starch
Amylose
Amylopectin
Starch-nutrient interaction
Resistant starch

Cooking/ food processing
Degree of starch gelatinization
Particle size
Food form
Cellular structure

Other food components
Fat and protein
Dietary fibre
Antinutrients

Organic acids

Source: FAO/WHO (1998)
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In Malaysia, research into glycaemic response of foods is still at its infancy. However,
interest in the subject has been increasing. Some data on Gl values of frequently consumed
Malaysian foods are given in Appendix 4.1.

There are a number of longer-term implications of altering the rate of absorption, or Gl,
of dietary carbohydrate (FAO/WHO, 1998). Reducing diet Gl, for example, has been shown to
improve overall blood glucose control in subjects with diabetes and reduce serum triglycerides
in subjects with hypertriglyceridemia. There is some evidence that the Gl is relevant for sports
nutrition and appetite regulation.

Used in conjunction with information about food composition, GI has thus been proposed
to guide consumers in food choices. The practical application of GI has however been the
subject of much controversy. Its practical use worldwide has also been limited to a few
countries. The practical use of Gl of single food items has been particularly doubtful because
glycaemic responses to foods are influenced by many factors including its carbohydrate content
and the other food components present and even cooking or food processing methods
(FAO/WHO, 1998) (Table 4.2). Some low Gl foods may not always be a good choice because
they are high in fat. Conversely, some high Gl foods may be a good choice because of
convenience or because they have low energy and high nutrient content. It is not necessary or
desirable to exclude or avoid all high Gl foods.

The TSC on Energy and Macronutrients, therefore, has no definite recommendations on
the use of Gl or GL at this time. It, however, recommends research and practitioner groups in
the country to continue to monitor global developments on the matter and to actively research
the subject. Therefore, the FAO/WHO Scientific Update (2006) recommended caution regarding
the use of Gl as only basis in choosing carbohydrate-containing foods.

Dietary fibre

There is no biochemical assay that reflects the dietary fibre status of an individual. Clearly,
one cannot measure blood fibre concentration since, by definition, fibre is not absorbed. Hence,
the DRI Committee of IOM (2002) had reviewed the potential health benefits of fibre
consumption, which may be compromised by lack of fibre in the diet. These include a number
of epidemiological studies conducted to evaluate the relationship between fibre intake and risk
of chronic diseases. The Committee recommended an adequate intake ranging from 19-25g/day
of total fibre for young children whereas intakes for adolescents range from 26-38g/day, the
lower figures being for girls. Adult intakes are recommended to be 25g/day for women and
38g/day for men. Intakes for adults more than 51 years are 20% lower whilst for pregnant and
lactating women, 12% higher.

The American Dietetic Association (ADA, 2002) has recommended intakes that are
slightly lower than those of I0M, i.e. 20-35g dietary fibre/day or 10-13g per 1,000 kcal for
adults. Although recognising the lack of clinical data, the ADA recommends that for children
older than 2 years, the dietary fibre intake should be equal to or greater than their age plus
5 g/day.
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The nutrient intake goals recommended by WHO (2003) for the prevention of diet-related
chronic diseases has indicated a total dietary fibre intake of >25¢g per day whereas non-starch
polysaccharides (NSP) intake is recommended to be >20g per day. The report further
recommends that whole grain cereals, fruits and vegetables are the preferred sources of NSP.

Upon reviewing all available information, the TSC for Energy and Macronutrients decided
to maintain the RNI (2005) recommendation of 20-30 g of dietary fibre per day for all age
groups. This is largely based on the range recommended by ADA (2002) 20-35g and WHO
(2003) >25¢ per day. Greater efforts have to be made to encourage Malaysians to consume a
wide variety of plant foods in order to meet the recommendations.

Discussion on revised BRNI for Malaysia

The recommended intake of total carbohydrate, sugars and dietary fibre for Malaysia are
compared with that of the Malaysian RNI (2005), WHO (2015) and SACN (2015) in Appendix
4.1

The revised recommendations for total carbohydrate and free sugars are lower by 5%
compared to the Malaysian RNI (2005). This is justifiable as new evidence has surfaced that a
high level of sugar intake is associated with poor dietary quality, obesity and risk of NCDs.
Recommendation for dietary fibre remains the same as the Malaysian RNI (2005).

Research recommendations

The following priority areas of research are recommended:

. Improved methodologies for the measurement of carbohydrates and their components
in foods.
. Improved national food composition table with data on types of carbohydrates (starch,

total and individual sugars).

J Studies related to glycaemic response (including glycaemic index and glycaemic load)
of carbohydrate-containing food based on local foods.

. Data on the content of dietary fibre in local foods should be obtained for inclusion in the
national food composition database.

J Systematic reviews and meta-analyses relating free sugars intake to blood lipid levels,
blood pressure and diabetes-related outcomes (i.e. glucose, insulin, metabolic syndrome,
prediabetes and insulin resistance).

J Evaluation of different behavioural-change approaches to promote the reduction of free
sugars intake; in particular, the intake of sugar-sweetened beverages, which is identified
as a behavioural risk factor contributing to calorie over-consumption, especially among
children.
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Appendix 4.1 Comparison of recommended intake of carbohydrate and its component: RNI
Malaysia (2017), RNI Malaysia (2005), WHO (2015) and SACN (2015)

. Malaysia Malaysia WHO SACN
A (2017) (2005) (2015) (2015)
% of total
energy % of total energy intake
intake
Total carbohydrate 50 - 65 55-70 55-75 50
Sugars <107 <15 <107 <5*
Dietary fibre 20-30¢g 20-30¢g 25¢ 15-30¢g

* Free sugars; *Added sugars

Appendix 4.2: Glycaemic index value of selected Malaysian foods

Food/ Drink Gl Gl Indicator

Fried meehoon* 99 High
Fragrant rice* 97

Rice (beras kilang)+ 90

Noodle rice (kueh-teow) + 85

Wholemeal bread* 85

White bread* 83

Pineapple* 82

Fragrant rice* 80

Pau kari ayam* 80

Teh tarik * 78

Sweet potato + 77

Fried macaroni* 74

Sardine sandwich* 73

Roti canai & dhal* 71

Nasi lemak* 66 Moderate
Herba ponni rice* 65

White bread with margarine & sugar spread™ 64

Brown rice* 60
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Food/ Drink Gl Gl Indicator

Fried rice* 59

Papaya* 58

Doughnut* 57

Multi-grains breads™ 56

Pau biji lotus 55 Low
White bread with pineapple jam* 55

Banana (pisang berangan) + 55

Watermelon™ 55

Currypuff* 54

White bread with peanut butter spread* 54

Pau kacang merah* 51

Durian* 49

*glucose was used as the reference food; + White bread was used as the reference food

(Source: Nik Shanita, 2004; Lee MC, 2005; Lee SY, 2005; Nor Muaiza, 2005; Barakatun Nisak et al., 2005;
Robert et al., 2008; Barakatun Nisak et al., 2009) Gl Indicator: Brand-Miller JB, Foster-Powell K & Colagiuri S
(1996)

Appendix 4.3 : Types of food sources with fibre content per 100 grams

Food Dietary Fibre per 100 grams (g)

High fibre bran (ready-to-eat cereal) 29.3-47.5
French beans (cooked) 9.4
Chick peas (canned) 6.4
Lentils (cooked) 79
Mung beans (cooked) 7.6
Black beans 8.7
Kidney beans, cooked 6.4
Pear, raw 3.1
Pumpkin seeds, roasted 18.4
Baked beans, canned, plain 6.0
Soybean 6.0
Avocado 6.7

Apple with skin 2.4
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Food Dietary Fibre per 100 grams (g)

Green peas, cooked 41-55
Prune (stewed) 3.1
Sweet potato, baked with skin 3.3
Figs (dried) 9.8
Potato (baked with skin) 2.1
Almonds 12.5
Whole wheat spaghetti, cooked 45
Sunflower seeds kernel, dry roasted 11.1
Orange 2.2
Banana 2.6
Guava 5.4
Pearly barley, cooked 3.6
Winter squash (pumpkin), cooked 2.8
Dates 8.0
Pistachios, dry roasted 9.5
Peanuts, oil roasted 9.4
Whole wheat parata bread 9.5

Source: USDA, 2015b
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Vitamins Recommendations

The Technical Sub-Committee (TSC) on Vitamins reviewed all the eight vitamins in RNI 2005 and
agreed that they should be retained in the updated RNI, recognising their continued relevance. Several
other vitamins were considered for addition to the list and four were agreed to be of importance to be
included in the updated RNI, namely Vitamin K, Cobalamin, Pyridoxine and Panthothenic Acid. These
are felt to be relevant and important for the Malaysian population. A total of 12 vitamins are therefore
included in Malaysian RNI (2017).

The vitamins were assigned to members of the TSC to prepare write-ups. For the eight vitamins
in RNI (2005), the writers reviewed the original write-up and determined if changes to the write-up are
required or if new information need to be added. For the four additional vitamins, members were
assigned to prepare new write-ups. For the preparation of these write-ups the TSC referred to several
recent publications published after 2005 by reputable national and regional research organisations
that generate primary data on recommended nutrient intakes. These include publications of the Institute
of Medicine (IOM) and the European Food Safety Authority (EFSA). FAO/WHO did not have a revised
RNI in recent years, but the TSC decided that the RNI (2004) of WHO/FAQO remained as another main
source of reference since it was prepared by an international group of experts appointed by these
United Nations agencies.

Members of the TSC had agreed on the common approach towards deciding on the values to be
adopted as Malaysian RNI (2017). For each vitamin, the rationale and the value recommended intake
in the new references were considered. These were compared with the RNI 2005 values, which were
adapted from WHO/FAO (2004). If the references provided more recent and better approaches to
establishing recommended intake, especially those based on biomarkers, their recommended values
were considered. The appropriateness of the recommended values in relation to the local situation
were also considered in deciding if a recommended value needed to be amended. There was also
agreement to have a uniform format for the write up for each of the vitamins, including the sub-
headings, the depth and length of the write up.

In the final version of RNI (2017), for all the 8 vitamins in the RNI (2005), except for vitamin D,
the TSC decided to retain the original values, ie adapting the values from WHO/FAQ (2004). For vitamin
D, the Committee decided to adapt the values from 10M (2011) in view of several recent reports on
the unsatisfactory status of this vitamin among some population groups. These new values on vitamin
D are generally 2-3 times higher than the 2005 values. For the three of the four new vitamins, the TSC
felt that the WHO/FAQ (2004) values recommended for vitamin K, pyridoxine and pantothenic acid are
appropriate to be adapted for use in RNI (2017). For vitamin B12, the TSC adapted the EFSA (2015)
values derived mainly based on appropriate biomarkers. These values are higher for all age groups
compared with the WHO/FAQ (2004) and IOM (1998) values which were based on dietary intake levels.
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5 Thiamin (Vitamin B1)

Introduction

Thiamine or thiamin, also known as vitamin B1 or aneurin, is a colourless compound with
the chemical formula C12H17N40S. About 80% of the approximately 25-30 mg of thiamin in
the adult human body is in the form of thiamin diphosphate (TDP; also, known as thiamin
pyrophosphate-TPP), the main metabolically active form of thiamin. It is soluble in water and
insoluble in alcohol. Thiamin decomposes if heated. Thiamin was first discovered by Umetaro
Suzuki in Japan in 1910 when researching how rice bran cured patients of beri-beri. It was the
first nutrient deficiency studied in Malaya in the beginning of the 20th century.

Functions

Thiamin functions as the co-enzyme thiamin pyrophosphate (TPP) in the metabolism of
carbohydrates and branched-chain amino acids. TPP, coordinated through magnesium (Mg++),
participates in two main types of metabolic reactions: (a) the formation of (a—ketols (e.g. among
hexose and pentose phosphates) as catalysed by transketolase; and (b) in the oxidation of (o~
keto acids (eg pyruvate, (aketoglutarate and branched-chain (aketo acids) by dehydrogenase
complexes. Hence, thiamin deficiency will result in overall decrease in carbohydrate metabolism
and its inter-connection with amino acid metabolism (via o—keto acids). Severe consequences
can arise such as a decrease in the formation of acetylcholine for neural function. Thiamin is
also essential for normal growth and development and helps to maintain proper functioning of
the heart and the nervous and digestive systems. Thiamin cannot be stored in the body;
however, once absorbed, the vitamin is concentrated in muscle tissue.

Metabolism

Thiamin is released by the action of phosphatase and pyrophosphatase in the upper
small intestine. At low concentrations, the process is carrier-mediated, and, at higher
concentrations, absorption occurs via passive diffusion. Active transport is greatest in the
jejunum and ileum (it is inhibited by alcohol consumption and by folic deficiency). Decline in
thiamin absorption occurs at intakes above 5 mg/day. The cells of the intestinal mucosa have
thiamin pyrophosphokinase activity, but it is unclear as to whether the enzyme is linked to active
absorption. The majority of thiamin present in the intestine is in the pyrophosphorylated form
thiamin diphosphate (TDP), but when thiamin arrives on the serosal side of the intestine it is
often in the free form. The uptake of thiamin by the mucosal cell is likely coupled in some way
to its phosphorylation/dephosphorylation. On the serosal side of the intestine, evidence has
shown that discharge of the vitamin by those cells is dependent on Na+ dependent ATPase.
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Uptake of thiamin by cells of the blood and other tissues occurs via active transport and
passive diffusion. The brain requires a much greater amount of thiamin than in other cells of
the body. Much of ingested thiamin never reaches the brain because of passive diffusion and
the blood brain barrier. About 80% of intracellular thiamin is phosphorylated and most is bound
to proteins. In some tissues, thiamin uptake and secretion appears to be mediated by a soluble
thiamin transporter that is dependent on Na+ and a transcellular proton gradient. Thiamin and
its acid metabolites (2-methyl-4-amino-5-pyrimidine carboxylic acid, 4-methyl-thiazole-5-acetic
acid, and thiamin acetic acid) are excreted principally in the urine.

Sources

Thiamin is found in a wide variety of foods of plant and animal origin. However, only a
few foods, including yeast, lean pork and legumes can be considered as good sources of the
vitamin (Tee et al., 1997). Yeast contains an extraordinary amount of the vitamin; a commercial
yeast extract has a content of up to 0.6 mg/100 g. Pork and pork products example lean pork,
ham and sausage contain high concentrations of thiamin of close to 0.9 mg/100 g. Other meat
products such as beef, chicken and duck have much lower amounts of the vitamin, generally
about 0.1 mg/100 g. A commercial brand of beef extract has an exceptionally high level of
thiamin (1.6 mg/100 g), but this is usually taken in small amounts. Fish and shell fish contain
even less thiamin. Various types of legumes, example chickpea, dhal, green gram and red gram
and soya bean contain thiamin ranging from 0.45mg to 1.7 mg/100 g bean (Table 5.1).

There are also several processed products in the market, especially bread, cereal
products and biscuits, that are fortified or enriched with thiamin and several other B vitamins
and can become important sources of the vitamin. Fruits are poor sources of thiamin, containing
in general not more than 0.03 mg/100 g. Vegetables contain slightly more thiamin but are
generally less than 0.1 mg/100 g and are therefore not good sources as well.

Table 5.1: Thiamin (Vitamin B1) content of foods

Food mg/100 g

Cereals and cereal products and tubers

Wheat germ 1.86
Cereals RTE (commercial brand)* 1.33
Cereals RTE rice (commercial brand)* 1.25
Wheatflour, wholemeal 0.75
QOat, rolled 0.46
Bread, white 0.42
Bread. Wholemeal 0.40
Maize 0.22
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Food mg/100 g

Fish, poultry and meat

Beef extract 1.60
Pork, lean 0.85
Bacon 0.84
Anchovy, dried 0.17
Chicken, matured, dressed carcass 0.15
Beef, lean 0.10
Legumes, nuts and seeds

Sunflower seeds 1.48
Dhal, Australian (yellow) 1.40
Peanuts 1.00
Soya beans, white 0.87
Mung beans 0.72
Lotus seeds 0.72
Cashew nuts 0.67
Chickpeas 0.45
Milk and milk products

Milk, filled 0.72
Milk, powder, infant formula 0.74
Milk, powder, instant, full cream 0.70
Others

Yeast, dried, brewers 0.75
Yeast extract 0.60

Source: Tee et al., 1997; USDA Food Composition Database, 2016*
5.5 Deficiencies

Thiamin deficiency results in the disease called beri-beri, which has been classically
considered to exist in dry (paralytic) and wet (oedematous) forms. Beri-beri occurs in human-
milk-fed infants whose nursing mothers are deficient in the vitamin. It also occurs in adults
with high carbohydrate intakes mainly from milled rice and intakes of foods containing anti-
thiamin factors.
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The clinical signs of deficiency include anorexia; weight loss; mental changes such as
apathy, decrease in short-term memory, confusion and irritability; muscle weakness; and
cardiovascular effects such as an enlarged heart. In wet beri-beri, oedema occurs while in dry
beri-beri, muscle wasting is obvious. In infants, cardiac failure may occur rather suddenly. In
relatively industrialised nations, the neurologic reflections of Wernicke-Korsakoff syndrome are
frequently associated with chronic alcoholism with limited food consumption.

Clinically manifest thiamin deficiency is rare today, although some segments of the
populations could be on marginal or sub-marginal intakes of the vitamin. Symptoms are less
prominent in sub-clinical deficiencies and may include tiredness, headache and reduced
productivity.

In Malaysia, in the early part of the 20th century, beri-beri was found to be prevalent
amongst migrant workers working in camps, consuming primarily a polished rice diet. The
Institute for Medical Research (IMR) embarked on a series of intensive studies into the cause
of the disease, beginning 1900. It was also the first nutrient deficiency studied in the country.
Various hypotheses on the etiology of the disease were proposed and actively investigated.
Although the IMR researchers were not the first to discover that thiamin deficiency was the
cause of the disease, they contributed significantly to the prevention and cure of the disease.
Their efforts in distributing methods for the preparation of extracts of rice polishings to hospitals
and dispensaries for the treatment of beri-beri patients and the prohibition of the use of white
polished rice helped to control the disease (Tee et al., 2002).

The most widely used biomarkers for estimating thiamin status by measuring the
transketolase activity in erythrocytes which require TDP as a coenzyme. The TDP effects of
>25% are defined as deficiency and effects between 15% and 25% as marginal deficiency
(Bemeur and Butterworth, 2014). Recently, the Nutrition Societies of Germany, Austria and
Switzerland (D-A-CH) (Strohm et al., 2016) derived the reference values for thiamin intake
based on studies investigating the transketolase activity in erythrocytes and also the excretion
of thiamin in the urine. A fall in TDP levels in erythrocytes below 120 nmol/l indicates deficiency
(Sauberlich, 1999; Finglas, 1993), while excretion levels between 27 pg and 65 pg are defined
as marginal deficiency and of 27 pg as deficiency (Finglas, 1993).

Since the 1950s, there have been no further reports of clinically manifest vitamin B1
deficiency in the country. Very few reports of subclinical thiamin deficiency in any age group
have been documented. Indeed, very few biochemical studies on the status of thiamin have
been undertaken, due to lack of laboratory facilities for the required analyses. A major study of
the nutritional status of various communities in poverty villages in Peninsular Malaysia included
the determination of urinary excretion of thiamin in 1170 subjects. The prevalence of “low”
excretors varied with different age groups, with most groups having a prevalence of about 25%,
indicating the need to improve vitamin B1 intake in these groups (Chong et al., 1984).

In Malaysia, thiamin deficiency seems to have been practically eliminated over the years,
although it cannot be ruled out that certain segments of the community could have marginal and
sub-marginal deficiencies of the vitamin. For example, in 2004 a possible outbreak of beri-beri
was detected in a drug detention and rehabilitation centre in Perlis. It was reported that 74% of
the sample studied (n=154 inmates) had thiamin deficiency due to poor dietary intake and
coupled with possible intake of certain thiamin antagonists in their diet (Fozi et al., 2006).
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Another beri-beri outbreak occurred in the LG Detention Camp in Negeri Sembilan in 2014. A
total of 1.9% (n=19) had bilateral leg oedema with symptoms of paraesthesia (52.6%), fatigue
(36.8%), difficulty breathing (36.8%), poor appetite (21.1%), and abdominal pain (33.3%). The
only risk factor identified was alcohol intake (Noor Aizam et al., 2015).

Factors affecting thiamin requirements

There are no studies that have examined the effect of energy intake on thiamin
requirement. There is also no agreement as to whether expressing thiamin requirements in
absolute terms is more useful for predicting biochemical thiamin status than expressing it in
relation to energy intake. Despite the lack of direct experimental data, the known biochemical
function of thiamin as thiamin pyrophosphate (TPP) in the metabolism of carbohydrate suggests
that at least a small (10%) adjustment to the estimated requirement to reflect differences in the
average energy utilisation and size of men and women, a 10% increase in the requirement to
cover increased energy utilisation during pregnancy, and a small increase to cover the energy
cost of milk production during lactation appears to be necessary (I0M, 1998).

Heavy exercise under certain conditions may increase the requirement for thiamin as
well as other vitamins. However, the observations on the effects of physical activity on thiamin
requirement have been inconsistent, the effects are minor and the experimental conditions
highly variable. It was thus concluded that under normal conditions, physical activity does not
appear to influence thiamin requirements to a substantial degree. However, those who are
engaged in physically demanding occupations or who spend much time training for active
sports may require additional thiamin (I0M, 1998).

There are no studies that directly compare the thiamin requirements of males and
females. A small (10%) difference in the average thiamin requirements of men and women is
assumed on the basis of mean differences in body size and energy utilization.

Setting requirements and recommended intake of thiamin

There are no known local studies on thiamin requirements of communities that the
Technical Sub-Committee (TSC) on Vitamins could use as a reference when considering RNI for
this vitamin. The two main references used by the TSC when establishing thiamin requirement
in the previous RNI (NCCFN, 2005) were WHO/FAQ (2004) consultation report and the I0M
(1998) DRI recommendations. The rationale and steps taken in setting requirements and the
levels recommended by these organisations as well as available reports of thiamin status of
communities in the country were considered in setting thiamin requirement for RNI Malaysia
2005. There have been no updated recommendations by WHO/FAO (2004), I0M or other
international scientific organisations. There are also very few recent reports of the biochemical
status of the vitamin amongst the local population groups. Therefore, in this revision of RNI
(2017) for Malaysia, the TSC on Vitamins decided to retain the WHO/FAQ (2004) values. These
recommendations, which remain the same as in RNI (2005), are given in bold in the following
paragraphs according to age groups and summarised in Appendix 5.1.
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Infants

The recommended intake for young infants is based on observed mean intake data from
infants fed human milk exclusively during their first 6 months as well as the thiamin
concentration of milk produced by well-nourished mothers. The FAO/WHO Consultation
estimated that the mean thiamin content of human milk is 0.21 mg/I which corresponds to 0.16
mg thiamin per 0.75 L of secreted milk per day. The Consultation rounded the figure and set the
requirement at 0.2 mg/day for infants 0-6 months (WHO/FAQ, 2004).

For the group 6-11 months, in addition to thiamin from breast milk, the intake of solid
food has also to be taken into account. Thus the average requirement was calculated to be 0.3
mg/day.

RNI for infants

0 - 5 months 0.2 mg/day
6 - 11 months 0.3 mg/day

Children 1 - 9 years

There appears to be no direct data on which to base the estimated average requirement
for children 1-9 years. The RDA for these age groups have thus been determined by IOM (1998)
by extrapolating downwards from the average requirement of young adults by adjusting for
metabolic body size and growth and adding a factor for variability. The RDA for thiamin is set
by assuming a coefficient of variation (CV) of 10% because information is not available on the
standard deviation of the requirement for thiamin. As RDA is defined as equal to the estimated
average requirement (EAR) plus twice the CV to cover the needs of 97 to 98% of the individuals
in the group, therefore, the RDA is 120 % of the EAR.

The WHO/FAOQ (2004) consultation did not provide details on how the recommended
intakes were arrived at, but they were similar to those of the IOM (1998).

RNI for children
1 -3 years 0.5 mg/day

4 - 6 years 0.6 mg/day
7-9years 0.9 mg/day
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Adolescents

The IOM Dietary Reference Intakes (DRI) Standing Committee reviewed several studies
amongst adolescents in attempting to obtain data to estimate the requirements of thiamin for
this age group (IOM, 1998). These included dietary intake studies, status of thiamin, and a
controlled-diet dose-response experiment. In the absence of additional definitive information,
requirements for these groups were extrapolated from adult values as described above for
young children.

Similar to what has been outlined for the recommended intake for children, the FAO/WHO
Consultation did not provide details on how the recommended intakes for adolescents were
arrived at, but they were similar to those of the IOM (1998).

RNI for adolescents

Boys 10 - 18 years 1.2 mg/day
Girls 10 - 18 years 1.1 mg/day

Adults and elderly

The same recommendations were made for the intakes of adults by the WHO/FAQ (2004)
Consultation as well as the IOM (1998). No details for the recommendations were given by the
former group. The IOM publication referred to several studies that were reviewed, especially a
study by Sauberlich et al. (1979), who reported a carefully controlled, thiamin depletion-
repletion experiment amongst 7 healthy young men. These investigators concluded that thiamin
at 0.30 mg/1,000 kcal (approximately 1.0 mg per day) met the minimum requirement for young
men as determined by using urinary excretion of thiamin. This value is also close to the average
requirement for normal erythrocyte transketolase activity. The requirement for men was thus
set at 1.0 mg/day and 0.9 mg/day for women, assuming a 10% decrease for women based on
body size and energy needs.

The RDA for thiamin was thus set by assuming a coefficient of variation (CV) of 10%
because information is not available on the standard deviation of the requirement for thiamin.
RDA is thus defined as equal to the estimated average requirement (EAR) plus twice the GV to
cover the needs of 97 to 98 of the individuals in the group, or 120% of the EAR.

In considering the requirements of the elderly, although there are some data to suggest
that requirements might be somewhat higher in the elderly than in younger adults, the IOM DRI
Standing Committee recognised that there is also a concomitant decreased energy utilisation
that may offset this (I0M, 1998). Thus the recommended intake for older adults is the same as
those for adults.
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RNI for adults

Men 19 - 65 years 1.2 mg/day
Women 19 - 65 years 1.1 mg/day

RNI for elderly

Men > 65 years 1.2 mg/day
Women > 65 years 1.1 mg/day

Pregnancy and lactation

The WHO/FAO (2004) Consultation accepted an estimated average total energy cost of
230 MJ for pregnancy. With an intake of 0.4 mg thiamin/4184 kJ, this amounts to a total of 22
mg, or 0.12 mg/day for additional thiamin need for the second and third trimesters (180 days).
Taking into account an increased growth in maternal and foetal compartments, an overall
additional requirement of 0.3 mg/day was felt to be adequate.

Lactating women are estimated to transfer 0.2 mg thiamin in their milk each day, and an
additional 0.2 mg is estimated as a need for the increased energy cost of lactation of about
2092 kJ/day. A total amount of 0.4 mg/day was thus added to the recommended intake for the

adult women.

RNI for
Pregnancy 1.4 mg/day
Lactation 1.5 mg/day

Discussions on revised RNI for Malaysia

The RNI values for thiamin for Malaysia, adapted from WHO/FAQ (2004), are also the
same as those adopted by the Working Group for the Harmonization of RDAs in SEA region. (Tee
& Florentino, 2005). Appendix 5.1 provides a summary of RNI, compared with the previous
Malaysian RNI of 2005, the WHO/FAO (2004) recommendations and the values recommended
by IOM (1998).

The revised RNI is actually similar to that of IOM (1998) but with slight differences in the
groupings of children and adolescents of both sexes. The TSC discussed the need to increase
the thiamin requirement for older adults, but decided to maintain the RNI to be the same as that
for adults because of the generally more sedentary lifestyle and therefore lower energy
expenditure of the elderly.
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Tolerable upper intake levels

There does not appear to be a problem with thiamin toxicity because renal clearance of

levels usually ingested is rapid. There have been no reports of adverse effects from the
consumption of excess thiamin by ingestion of food and supplements. Neither the WHO/FAQ
(2004) nor the IOM (1998) reports provided any indications of toxicity levels. Because the data
are inadequate for a quantitative risk assessment, no Tolerable Upper Intake Level (UL) could
be derived for thiamin (I0M, 1998).

Research recommendations

The following priority areas of research are recommended:

Magnitude of thiamin deficiency among high risk groups such as alcoholic individuals,
elderly people and psychiatric patients.

Efficacy of thiamin supplementation on high risk individuals or groups.

Determine effects of food preparation and cooking methods on thiamin content of
selected foods to enable establishing conversion factors for calculating thiamin losses
for a wide variety of foods

Study nutrient values (including vitamin B content) of the various types of rice available
in the market and their claims of health benefits for various chronic diseases.
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6 ¢ Riboflavin (Vitamin B2)

Introduction

Riboflavin (vitamin B2) is 7,8 dimethyl-10- isoalloxazine, a free vitamin which is a weak base
normally isolated and synthesised as a yellowish orange amorphous solid. It is a precursor of
essential coenzymes such as flavin mononucleotide (FMN) and flavin adenine dinucleotide (FAD).
Through these two flavoco-enzymes, riboflavin functions as a catalyst for redox reactions in
numerous metabolic pathways and in energy production.

Riboflavin is also important for the synthesis, conversion and recycling of niacin, folate and
vitamin B6 and for the synthesis of all heme proteins, including hemoglobin, nitric oxide oxidases,
P450 enzymes and proteins involved in electron transfer and oxygen and storage (Rivlin, 2007).
Riboflavin derivatives also have direct antioxidant properties and increase endogenous antioxidant
status essential cofactors in glutathione redox cycle (Ashoori and Saedisomeolia, 2014).

Functions

The main function of riboflavin is to help the body to convert carbohydrate to energy.
Riboflavin is important for the metabolism of carbohydrate, amino acids and lipids. It carries out
these functions as coenzymes flavin adenine dinucleotide (FAD) and flavin adenine
mononucleotide (FMN). These two coenzymes play major roles in energy production, cellular
function, growth and development and metabolism of fat. Due to its fundamental roles in
metabolism, riboflavin deficiencies are first evident in tissues such as skin and epithelia.

Riboflavin also acts as an antioxidant due to its ability to activate antioxidant enzymes.
Antioxidants fight free radicals and reduce DNA damage. Riboflavin also has a role in helping the
body to convert vitamin B6 to folate to a form that it can be used in the body.

Metaholism

Riboflavin in the diet is ingested as food protein. Riboflavin is converted to its coenzyme
forms by ATP-dependent phosphorylation to yield riboflavin-5’phosphate or FMN. Most FMN is
then converted to FAD by FAD pyrophosphorylase. In the stomach, gastric acid cleaves most of
the coenzymes (FAD and FMN) from the protein. This is then hydrolysed to riboflavin by
pyrophosphatase and phosphatase in the upper intestine. The primary absorption of riboflavin is
via rapid, active and saturable transport system. The rate of absorption is proportional to intake.
Riboflavin is transported in the blood as free riboflavin and FMN. Although small amounts of
riboflavin can be found in the liver and kidney, it is not stored in any useful amount and must
therefore be supplied in the diet regularly. Most excess riboflavin is excreted in the urine.

Sources

Riboflavin is widely distributed in foodstuffs and all plants and animal cells. Good sources
include dairy products especially milk, leafy vegetables, legumes, kidneys and mushrooms. The
food sources of riboflavin are similar to those of other B vitamins. Therefore, it is not surprising
that if an individual’s diet has inadequate amounts of riboflavin, it will very likely be inadequate
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in other B vitamins as well. Some data from the nutrient composition of Malaysian foods are
extracted to indicate the riboflavin content of various local foods (Tee ef al., 1997).

Various types of legumes, including chick peas, lentils, red and black gram and soya bean
contain fairly high levels of riboflavin, around 0.2-0.5 mg/100 g. Various meat products have
moderate amounts of the vitamin. Pork (0.3 mg/100g) may have slightly higher amounts, whilst
other meats for example beef, mutton, chicken and duck contain about 0.2 mg per 100 g. Fishes,
with 0.1 mg/100 g have lower amounts of riboflavin. Hen eggs are a good source of the vitamin,
with about 0.6 mg/100 g, with slightly more being concentrated in the egg yolk. A food with
exceptionally high riboflavin is beef extract (6.9 mg/100 g), but small amounts of this food is
generally consumed.

Fruits and vegetables are poor sources of riboflavin. Recent data on riboflavin content of
selected commercial rice such as fragrant rice, basmathi rice and siam rice showed that all
varieties contain 0.06mg riboflavin per 100g (Mohd Fairulnizal et al., 2015). There are several
processed products in the market, especially bread, cereal products and biscuits, malted drinks
that are fortified or enriched with riboflavin and several other B vitamins, thus can become
important sources of these vitamins. To ensure a riboflavin-rich diet, milk and dairy products as
well as whole grain products should be consumed daily. Meat in moderation and fish contribute
to an adequate supply (Strohm et al., 2016). Examples of food sources of riboflavin (Tee et al.,
1997) are shown in Table 6.1.

Table 6.1 Riboflavin (Vitamin B2) content of foods

Food mg/100g

Legumes and nuts

Lentils 0.52
Green gram 0.45
Soya bean, white 0.34
Red gram 0.34
Black gram 0.20
Chick pea 0.20
Almond 0.52
Peanut 0.43
Meat and organ meats

Chicken liver 1.28
Ox liver 0.58
Pork 0.30
Mutton 0.28
Duck 0.25
Chicken 0.22

Beef, lean 0.21
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Food mg/100g

Milk

Milk powder 1.40
Milk, UHT 0.40
Cheese, processed 0.40
Milk, UHT, flavoured 0.33
Yoghurt 0.25
Vegetables

Swamp cabbage (kangkung) 0.55
Mushroom, grey oyster 0.46
Mustard leaf (sawi) 0.27
Spinach (bayam) 0.25
Chinese cabbage (pak choy) 0.25
French bean 0.21
Long bean 0.13
Egg, hen whole 0.58
Egg yolk 0.37
Egg white 0.27

Source: Tee et al., 1997
6.5 Deficiencies

The clinical features of human riboflavin deficiency do not have the specificity that may
characterise deficits of some other vitamins, such as ascorbic acid. Deficiency of riboflavin may
manifest itself as weakness, oral pain, tenderness or burning and itching of the eyes, dermatitis
and anaemia (Rivlin,2007), cracks and sores at the corners of the mouth, inflammation of the
mouth and tongue, and skin lesions. Cellular functions of B vitamins including B2 are closely
inter-related. Thus vitamin B2 deficiency almost invariably occurs in combination with a deficiency
of other B-complex vitamins. A growing body of research has evaluated the effects of
multivitamins and minerals on brain function. Hence deficiency of riboflavin has also been
associated with brain specific symptoms such as fatigue, personality change and brain
dysfunction (Rivlin, 2007).

The major cause of hypo-riboflavinosis is inadequate dietary intake. Even though riboflavin
deficiency levels are under researched, biochemical deficiency is potentially widespread due to the
high prevalence of inherited restricted riboflavin absorption/utilization that affects 10-15% of the
world population (Sinigaglia-Coimbra, Lopes and Coimbra, 2011). In recent years, a factor that
continues to be associated with the deficiency levels of riboflavin is the paradoxical malnutrition
associated with obesity. Incidentally in Malaysia, the prevalence of adult overweight and obesity
has increased to 30% overweight and 17.7% obesity in the most recent National Health Morbidity
Survey (NHMS) (IPH, 2015). This deficiency phenomenon is predicated on the basis that
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obesogenic diets are typically biased towards energy rich processed foods that are high in fats
and simple sugars but low in micronutrients (Kimmons et al., 2006). The recent Malaysian adults
nutrition survey (MANS) also reported that majority of Malaysian adults consumed more than
30% of their diet contributed from fat (IPH, 2014)

Riboflavin supply can be determined by measuring the glutathione reductase activity in the
erythrocytes, for which FAD is needed as a coenzyme. The activity coefficient is calculated from
the ration of enzyme activity with and without FAD addition. Activity coefficients of >1.4 indicate
a riboflavin deficiency, while activity coefficients between 1.2 - 1.4 indicate marginal deficiency.
Another option to determine riboflavin supply is the measurement of urinary excretion of
riboflavin, which reflects the short term supply and correlates with riboflavin intake in people with
body nitrogen equilibrium. 24-hour urinary excretion of riboflavin levels of riboflavin between 40
ug and 119 ug are defined as a marginal deficiency, with levels <40 ug being defined as a
deficiency (Strohm et al., 2016).

There are not many data reporting on riboflavin deficiencies in Malaysia. The few studies
reported were among the elderly. Suzana et al. (1999) carried out a study among 350 elderly in
the rural villages of the East Coast of Malaysia. 77% of the elderly studied were riboflavin deficient,
assessed by erythrocyte gluthathione reductase activity coefficient. In another study among 820
elderly in four rural areas in Peninsular Malaysia, Suzana ef al. (2007) reported that the most
likely nutrients to be deficient among these elderly were thiamin, riboflavin and calcium, evaluated
by dietary history. However in this study, almost half of the elderly were under reporting their
energy intake. Thus there should be caution when interpreting the results.

In Cambodia, Whitfield et al. (2015) reported suboptimal riboflavin status among women of
childbearing age, measured by erythrocyte gluthathione reductase activity coefficient. The
prevalence of suboptimal and deficient riboflavin status was 89% among the urban women while
92% among the rural women.

Factors affecting riboflavin requirements

There are no reported studies that examined the effect of energy intake on riboflavin
requirement. The biochemical function of riboflavin in the metabolism of carbohydrate suggests
that at least a small (10%) adjustment to the estimated requirement to reflect differences in the
average energy utilisation and size of men and women (I0M, 1998). A 10% increase in the
requirement is also suggested to cover increased energy utilisation during pregnancy, and a small
increase to cover the inefficiencies of milk production is needed. Despite energy expenditure is
decreased with aging, a study by Boisvert et al. (1993) supported the use of the same requirement
for the elderly as for younger adults.

Riboflavin status measurements is affected by physical activity. Exercise produces stress in
the metabolic pathways that use riboflavin (Manore, 2000). Thus the requirement of riboflavin for
individuals who are physically active and who exercise or who are athletes should be higher due
to this physiological demands (American Dietetic Association et al., 2009). Some studies have
demonstrated a moderate rise in the erythrocyte glutathione activity coefficient (EGRAC) as well
as a decrease in urinary riboflavin excretion with an increase in physical activity. However, there
is no available data on which to quantify the adjustment that should be made.
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6.7 Setting requirements and recommended intakes of riboflavin

Riboflavin is an existing vitamin in Malaysia RNI 2005. In that recommendation, the TSC
had referred to the WHO/FAO (2004) consultation report and I0M (1998) DRI recommendations
as the main references. The rationale and steps taken in setting the requirements and the levels
recommended by these organisations as well as available reports of riboflavin status of
communities in the country were considered when setting the recommendations in RNI 2005. The
WHO/FAOQ (2004) recommendations were adopted as riboflavin requirement for RNI 2005.

In setting the requirement for this revised RNI, the Technical Sub-Committee (TSC) referred
to any known local studies on riboflavin that could be used as a reference. There are very few
reports of the biochemical status of the vitamin amongst the population groups. To date, there is
only one study (Suzana et al., 1999) which reported the biochemical status among the elderly and
another study which showed dietary riboflavin intake among the elderly (Suzana et al., 2007). In
terms of international literature, there have been no recent updates from WHO/FAQ or IOM or
other international organisations on riboflavin requirement. Recognising this, the TSC on Vitamins
decided to continue to adopt the WHO/FAQ (2004) values as the revised RNI (2017) for Malaysia.
These recommendations, which are similar to RNI 2005, are outlined below, according to age
groups and summarised in Appendix 6.1

Infants

In determining riboflavin requirement, the IOM (1998) report took the same approach as
that used for estimating intake of thiamin. As there was no sufficient data that reliably reflected
response to dietary riboflavin intake in infants, adequate intake was estimated. This was estimated
based on the mean riboflavin intake of infants fed principally with human milk.

On the basis of several available studies, a riboflavin concentration of 0.35 mg/l was used
for human milk consumed by infants younger than 6 months. Using the mean value of 750 ml/day
for intake of human milk, the estimated adequate intake was 0.3 mg/day, after rounding up. By
extrapolation from adequate intake for younger infants, the intake for riboflavin for older infants
was estimated to be 0.4 mg/day after rounding up.

The German, Austria and Switzerland Nutrition Societies also derived the reference value
(RV) for riboflavin for infants 0-5 months, based on the content of the three vitamins (B1, B2 and
B3) in breast milk which is considered to be optimal diet for infants (Butte et al., 2002). The RV
is therefore an estimated value. For infant 6-11 months, The RV is based on average requirement
for adults (Strohm et al., 2016).

RNI for infants

0 - 5 months 0.3 mg/day
6 - 11 months 0.4 mg/day
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Children and adolescents

As there was a lack of data concerning the riboflavin requirements of children or adolescents,
the requirement for these age groups have thus been determined by IOM (1998) by extrapolating
downwards from the average requirement of young adults by using a metabolic body weight ratio
multiplied by a growth factor. The RDA for riboflavin was next set by assuming a coefficient of
variation (CV) of 10% because information is not available on the standard deviation of the
requirement for riboflavin. As RDA is defined as equal to the estimated average requirement (EAR)
plus twice the CV to cover the needs of 97 to 98% of the individuals in the group, therefore, the
recommended intake is 120 % of the EAR.

For children and adolescents, the German, Austria and Switzerland Nutrition Societies derived
the reference values for riboflavin intake based on the average requirement for adults and are
calculated considering the age based guiding values for energy intake as well as assuming a
coefficient of variation of 10% (Strohm et al., 2016).

RNI for children

1 - 3 years 0.5 mg/day
4 - 6 years 0.6 mg/day
7 -9 years 0.9 mg/day

RNI for adolescents

Boys 10 - 18 years 1.3 mg/day
Girls 10 - 18 years 1.0 mg/day
Adults and elderly

The IOM DRI Committee established estimated requirements based on findings from several
studies of riboflavin requirements of adults that addressed clinical deficiency signs and
biochemical values including erythrocyte glutathione reductase activity coefficient (EGRAC) in
relation to measured dietary intake of riboflavin (IOM, 1998). The reviewed data showed that
clinical signs of deficiency appear at intakes of less than 0.5 to 0.6 mg/day whereas most studies
reported normal EGRAC values at intakes of less than 1.3 mg/day. And because there is an
expected curvilinear biological increase of values from deficient to minimally adequate, the
requirement for riboflavin for men was set at 1.1 mg/day and for women at 0.9 mg/day.

Recommended intake was set by assuming a coefficient of variation (CV) of 10% because
information is not available on the standard deviation of the requirement for riboflavin. Since RDA
is defined as equal to the estimated requirement plus twice the CV to cover the needs of 97 to 98%
of the individuals in the group, the RDA for riboflavin was calculated as 120% of the estimated
requirement or 120% of 1.1 for men and 120% of 0.9 for women. The recommended intake, after
rounding, is thus 1.3 mg/day and 1.1mg/day respectively for men and women.
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Few additional studies estimating riboflavin requirements have been conducted in the elderly.
Although there is a decrease in energy expenditure with aging and the estimated requirement for
older adults would be expected to decrease, the IOM (1998) report decided to use the same
requirement for the elderly as for younger adults.

RNI for adults

Men 19 - 65 years 1.3 mg/day
Women 19 - 65 years 1.1 mg/day

RNI for elderly

Men > 65 years 1.3 mg/day
Women > 65 years 1.1 mg/day

Pregnancy and lactation

The additional requirement of 0.3 mg for pregnancy is an estimate based on increased growth
in maternal and foetal compartments. For lactating women, an estimated 0.3 mg riboflavin is
transferred in milk daily and, because utilisation for milk production is assumed to be 70%
efficient, the value is adjusted upward to 0.4 mg/day.

There are no data to suggest that the relationship between riboflavin and energy requirement
for pregnant and lactating women is any different from that for women who are not pregnant nor
lactating. Due to the higher guiding value for energy intake during pregnancy (+250kcal /day
second trimester and +500 kcal in third trimester) as well as increased energy during lactation and
based on average requirement for adults, a higher recommended intake is derived assuming a
coefficient of variation of 10%.

RNI for
pregnancy 1.4 mg/day
lactation 1.6 mg/day

Discussions on revised RNI for Malaysia

The RNI values for riboflavin for Malaysia, adopted from WHQ/FAQ (2004), are also the same
as those adopted by the Working Group for the Harmonisation of RDAs in Southeast Asia (Tee &
Florentino, 2005). Appendix 6.1 provides a summary of these revised RNI, compared with the
previous Malaysian RNI of 2005, the WHO/FAO (2004) recommendations and the values
recommended by IOM (1998).
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For almost all the age groups, the revised RNI is the same as those recommended in the 2005
RNI. The revised recommended intakes are also similar to the IOM (1998) values. There should
therefore be little controversy on these values. Roughead and McCormick (1991) found that most
of a1.7-mg dose of riboflavin given to healthy adults consuming at least this amount was largely
excreted in the urine. Such findings corroborate earlier work indicating a relative saturation of
tissue with intakes above 1.1 mg/day (FAO/WHO, 1998).

Tolerable upper intake levels

The absorption of riboflavin is limited when administered in high doses. Data on adverse
effects from high oral riboflavin intake are not sufficient for risk assessment. Available subchronic
data from human studies and pharmacokinetics do not show reported oral effects on oral toxicity
of riboflavin

The apparent lack of harm resulting from high oral doses of the vitamin may be due to its
limited solubility and limited capacity for absorption in the human gastrointestinal tract. No study
has reported significant adverse effects in human of excess riboflavin consumption from foods
or supplements. Since it is not possible, based on the present database to derive an Tolerable
Upper Intake Level (UL) for riboflavin, the limited evidence available from clinical studies indicates
that the current levels of intake of riboflavin from all sources do not represent a risk to human
health (European Food Safety Authority, 2006).

The 10M (1998) concluded that the data on adverse effects from high riboflavin intake are
not sufficient for a quantitative risk assessment, and a UL cannot be derived for the vitamin.
Research recommendations
The following priority areas of research are recommended:

e The magnitude of riboflavin deficiency among high risk groups such as alcoholic individuals,
the elderly, physically active individuals, obese individuals and vegans.

e Efficacy of riboflavin supplementation on high risk individuals or groups.

e Determine effects of food preparation and cooking methods on riboflavin content of selected
foods to enable establishing conversion factors for calculating riboflavin losses for a wide
variety of foods

e Study nutrient values (including vitamin B content) of the various types of rice available in
the market and their claims of health benefits for various chronic diseases.
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7.3

7 ¢ Niacin (Vitamin B3)

Introduction

Niacin is a water-soluble vitamin, also known as vitamin B2. Niacin is the generic term for
nicotinic acid (pyridine 3-carboxylic acid) and nicotinamide (Pyridine-3-carboxamide) and the
coenzyme forms of the vitamin. Chemical structure of nicotinic acid is C8H*NO2 and nicotinamide
is CSHEN20,

Nicotinamide is the active form of the vitamin, which functions as a constituent of two
coenzymes, namely, nicotinamide adenine dinucleotide (NAD) and nicotinamide adenine
dinucleotide phosphate (NADP).

Functions

In the forms of these coenzymes, niacin functions in many biological redox reactions that
activate about 200 dehydrogenases essential to electron transport and other cellular respiratory
reactions. NAD functions as an electron carrier for intracellular respiration as well as a co-factor
for enzymes involved in the oxidation (catabolism) of fats, proteins, carbohydrates and alcohol
to produce energy. NADP functions as a hydrogen donor in reductive biosynthesis (anabolism),
such as in fatty acid and steroid synthesis. Like NAD, NADP is a cofactor for enzymes, such as
in the oxidation of glucose-6-phosphate to ribose-5-phosphate in the pentose phosphate pathway.

In non-redox reactions, NAD is the substrate for two classes of enzymes that separate the
niacin moiety from NAD and transfer ADP-ribose to proteins. A third class of enzymes catalyses
the formation of cyclic ADP-ribose (Lautier et al., 1993). This molecule also functions within cells
to provoke the release of calcium ions from internal storage sites and may play a role in cell
signaling (Kim, Jacobson & Jacobson, 1994).

Metaholism

Intestinal absorption of nicotinic acid and nicotinamide supplied from food is mediated by
sodium ion-dependent, carrier-mediated diffusion, but a role for the human organic anion
transporter 10 (hOAT10) and the intracellular protein-tyrosine kinase pathway has also been
proposed (EFSA, 2014).

In vivo nicotinic acid is converted to nicotinamide, which is a precursor for nicotinamide
adenine dinucleotide (NAD) and nicotinamide adenine dinucleotide phosphate (NADP), which are
essential to cells and involved in many biochemical reactions.

Niacin circulates in the plasma as nicotinamide and nicotinic acid. Both forms are transported
to cells and tissues, which they enter by diffusion to perform the intracellular functions of niacin.
Niacin is trapped within the cell as NAD or NADP.

The major pathway of catabolism of nicotinic acid and nicotinamide is by methylation in the
liver to N-methyl-nicotinamide (NMN) and subsequent oxidation to N-methyl-2-pyridone-
carboxamide (2-Pyr) and N-methyl-4-pyridone-carboxamide (4-Pyr).
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In humans, the two major excretion products are NMN and 2-Pyr, which under normal
conditions represent about 20-35% and 45-60% of niacin metabolites, respectively. The amount
of niacin metabolites excreted depends on the niacin and tryptophan intake. Long-term inadequate
intake of tryptophan and niacin results in reduced urinary excretion of niacin metabolites, and can
lead to the development of pellagra (EFSA, 2014).

Besides dietary niacin as a source for the synthesis of NAD, it may also be synthesized in the
liver from tryptophan, an essential amino acid. The synthesis of niacin from tryptophan also
depends on enzymes that require vitamin B6 and riboflavin, as well as an enzyme containing
heme. On average, 1 mg of niacin can be synthesized from 60 mg of tryptophan. Thus, 60 mg of
tryptophan can be considered to be 1 mg of niacin equivalent (NE) (Horwitt, Harpewr &
Henserson, 1981).

Deficiencies

Clinical evidence of niacin deficiency includes fatigue, poor appetite, diarrhoea, irritability,
headache, emotional instability and possible memory loss. These may lead to changes in the
skin, mucosa of the mouth, stomach and intestinal tract and the nervous system. These changes
are called “pellagra”, which means “raw skin” and are most pronounced in the parts of the skin
exposed to sunlight. Other signs and symptoms include dizziness, vomiting, constipation or
diarrhoea, and inflammation of the tongue and gastric mucosa. The neurological symptoms can
include fatigue, sleeplessness, depression, memory loss and visual impairment. If untreated,
pellagra is ultimately fatal.

The intake of niacin correlates with the excretion of niacin metabolites in urine. Low excretion
of the niacin metabolites N-methyl nicotinamide and N-methyl-2-pyridon-5-carboxamide indicates
a low body store. Therefore, these can serve as markers of niacin supply (Shibata & Matsua,
1989).

Excretion of N-methyl nicotinamide and N-methyl-2-pyridon-5-carboxamide totaling less
than 1.5 mg in 24 hours indicates severe niacin deficiency (Hegyi, Schwart & Hegyi, 2004). As
the concentration of N-methyl-2-pyridon-5-carboxamide decline to the higher degree than that of
N-methyl nicotinamide as a result of reduced niacin intake, a ratio of less than 1.0 is a further
indicator for niacin deficiency (Kirkland, 2014).

At present, pellagra is rarely seen in most industrialized countries except among alcoholics
and individuals with conditions that disrupt tryptophan pathways. However, major outbreaks have
been described in association with humanitarian emergencies in Malawi, Mozambique, Angola,
Zimbabwe and Nepal (Seal et al., 2007).

Sources

Important sources of preformed niacin include beef, liver, pork, fish, anchovies, peanuts and
other nuts, whole grains and whole-meal wheat flour. In general, foods rich in protein, with the
exception of tryptophan-poor grains, can satisfy some of the requirement for niacin. Human milk
contains a higher concentration of niacin than cow’s milk.
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In plants, especially in mature cereal grains like corn and wheat, niacin may be bound to
sugar molecules in the form of glycosides, thus significantly reducing niacin bioavailability.

In unprepared foods, niacin is present mainly in the form of the cellular pyridine nucleotides
NAD and NADP. Enzymatic hydrolysis of the coenzymes can occur during the course of food
preparation. Significant amounts of niacin can be lost if large quantities of liquid are used in
preparation and cooking of food sources. Whole grains and wholegrain products, seeds and nuts
are good sources of niacin for vegetarians. Table 7.1 provides examples of food with substantial
amounts of niacin in 100 g portion of the food.

Table 7.1 Niacin content of foods

Food Niacin (mg/100g)

Fish, meat and poultry

Tuna (cooked)* 221
Anchovy, dried 13.2
Liver 11.5
Pork (Cooked and lean)* 10.9
Beef (Cooked lean rib)* 9.0
Beef extract 5.6
Pomfret, black (bawal hitam) 4.2
Sardine, canned 3.5
Beef, lean 3.4
Mackerel (Tenggiri batang) 3.2
Chicken, breast meat 3.1
Cereal & cereal products

Wheat flour, whole-meal 10.2
Biscuit, peanut & coconut 1.3
Barley, pearl (beras belanda) 3.4
Glutinous rice, black 3.4
Rice, polished 3.3
Siam rice, polished# 1.1
Basmati rice, polished# 11
Fragrant rice, polished# 0.9
Rice, cooked 0.0
Legume & Legume products

Peanut 1.7
Sunflower seed* 8.3
Tempeh 3.7

Soy bean, black 3.4
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Food Niacin (mg/100g)

Soy bean noodle 2.9
Dhal, Mysore (Orange) 2.4
Red Gram (kacang merah) 2.3
Green gram (Kacang hijau) 1.8
Vegetables

Mushrooms (Portobello)* 6.3
Green peas 2.1
Avocado 1.7

Source: Tee et al., (1997),“USDA Food Composition Database (2015) and #Mohd Faizulnizal et al., (2015)
7.6 Factors affecting niacin requirement

Bioavailability of niacin varies depending on the food sources. From mature cereal grains,
only 30% of niacin is available because it is largely bound. The bioavailability can be increased
by treating the grains with alkali. For enrichment and fortification of food, free form of niacin is
used, thus making it highly available. Foods that contain niacin in the free form include beans and
liver.

The conversion of tryptophan to niacin may be affected by a number of factors. There are
several dietary, drug and disease factors that reduce this conversion, such as use of oral
contraceptives. The requirement for pre-formed niacin is increased by factors that reduce the
conversion of tryptophan to niacin. It tends to be lower with higher tryptophan intakes and during
pregnancy, when conversion is more efficient.

There is also an interdependence of enzymes within the tryptophan-to-niacin pathway where
vitamin B6 (as pyridoxal phosphate), riboflavin (as FAD) and iron are functional. Further, riboflavin
(as FMN) is required for the oxidase that forms coenzyme pyridoxal 5’-phosphate from the alcohol
and amine forms of phosphorylated vitamin B6. Therefore, inadequate iron, riboflavin, or vitamin
B6 status decreases the conversion of tryptophan to niacin.

Variation in the levels of energy intake may influence niacin requirement. However, there are
no directly relevant data that examined this relationship. Despite this lack of direct experimental
data, the known biochemical function of riboflavin in the metabolism of carbohydrate suggests
that at least a small (10%) adjustment be made to the estimated requirement to reflect differences
in the average energy utilization and size of men and women (I0M, 1998). A 10% increase in the
requirement is also suggested to cover increased energy utilization during pregnancy, and a small
increase in the requirement to account for the efficiency of niacin use during lactation.
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7.7 Setting requirements and recommended intake of niacin

Niacin was included in the Malaysia RNI 2005. There were no local data available to help
establish niacin requirements. The Technical Sub-Committee (TSC) on vitamins reviewed the
consultation report of WHO/FAO (2004) and IOM (1998) DRI recommendations. In reviewing
these reports, considerations were given to the rationale and steps for arriving at the RNI for
niacin, the levels of niacin recommended for different age categories. The TSC on vitamins decided
to adopt the WHO/FAQ (2004) recommendations for niacin intake for Malaysia RNI 2005.

In this 2017 review of RNI for Malaysia, the TSC on Vitamins again did not have any local
publications on niacin status or requirement. There were also no updated recommendations from
WHO/FAQ or I0M. The additional reference from an international scientific organization that was
available was the report of the European Food Safety Authority (EFSA, 2014). The EFSA report
noted that in the absence of new data, the recommended intakes adopted the requirement
proposed by Scientific Committee for Food of 1993.

The TSC on Vitamins therefore decided to continue to adopt the WHO/FAO (2004)
recommended intake for niacin for the 2017 version of Malaysia RNI. These recommendations,
which are similar to RNI for Malaysia (2005), are given in bold in the following paragraphs
according to age groups. The proposed RNI are summarised in Appendix 7.1.

Infants

The adequate intake for niacin for infants ages 0 through 6 months is based on the reported
mean volume of milk (0.78 L/day) consumed by this age group, the estimated niacin concentration
in human milk of 1.8 mg/l and the tryptophan content of human milk (210 mg/I). Thus the I0M
(1998) recommended intake for niacin for infants (0-6 months) is 2 mg of preformed niacin.

One of the methods that can be used to determine adequate intake of niacin for infants 7-12
months is to use the estimated niacin content of human milk as 1.1 mg/l and a mean milk volume
of 0.6L, and adding the amount of niacin provided by solid foods (8 mg). The amount of niacin
equivalents (NE) thus obtained would be 9 mg/day. The IOM (1998) DRI Committee felt that this
amount was too high and used the approach of extrapolating from estimated average requirement
of adults to estimate adequate intake for this group of infants. Thus, IOM (1998) set the adequate
intake for infants 7 through 12 months as 4 mg/day of NEs.

RNI for infants

0 - 5 months 2 mg/day of NEs
6 - 11 months 4 mg/day of NEs

Children and adolescents

Since there was no available data on which to base the requirements for children or
adolescents, the DRI Committee of IOM (1998) had based the recommended intakes for these
groups on extrapolation from adult values. The recommended intake was determined as 130%
of the EAR.
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RNI for children

1 - 3 years 6 mg/day of NEs
4 - 6 years 8 mg/day of NEs
7 -9 years 12 mg/day of NEs

RNI for adolescents

Boys 10 - 18 years 16 mg/day of NEs
Girls 10 - 18 years 16 mg/day of NEs

In teenage (age of 14 - 17 years old) pregnancy and lactating, EFSA (2014) provided an
additional requirement for niacin of 1 mg NE/day and 3 mg NE/day respectively.

Adults and elderly

The metabolites of niacin excretion, N1-methyl-nicotinamide and its 2-pyridone derivative are
thought to be the best biochemical measure for estimating niacin requirement. An average niacin
requirement can be estimated as the niacin intake corresponding to an excretion of N1-methyl-
nicotinamide that is above the minimal excretion at which pellagra symptoms occur. A urinary
excretion value for N1-methyl-nicotinamide of 1.0 mg/day has been chosen as the level of niacin
excretion that reflects a niacin intake that is minimal or barely adequate.

Upon reviewing data from four experimental studies, the IOM (1998) DRI Committee
observed that the overall average intake equivalent to the excretion of 1 mg/day of N1-methyl-
nicotinamide was 11.6 ( 3.94, with a CV of 34%. It was also assumed that women have a slightly
lower requirement than men because of their size and average energy utilization. The average
requirement was estimated to be 12 mg/day NEs for men and 11 mg/day of NEs for women.
There are insufficient data to determine whether the niacin requirement changes with age in adults.
The FAO/WHO (2004) consultation also felt that there are insufficient data to justify changes in
requirements for the elderly for most of the B vitamins, including niacin.

Taking into consideration the wide variation in the efficiency of converting tryptophan to
niacin, the DRI Committee assumed a higher coefficient of variation (CV) of 15%. The daily

recommended intake for adults was thus calculated as 130% of the estimated requirement or 16
mg NEs for men and 14 mg NEs for women.

RNI for adults

Men 19 - 65 years 16 mg/day of NEs
Women 19 - 65 years 14 mg/day of NEs

RNI for elderly

Men > 65 years 16 mg/day of NEs
Women > 65 years 16 mg/day of NEs
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Pregnancy and lactation

During pregnancy, it is estimated that the need for niacin increases by 3 mg/day of NEs to
cover increased energy utilization and growth in maternal and fetal compartments, especially
during the second and third trimesters. Thus, the estimated niacin requirement is 14 mg/day of
niacin equivalents during pregnancy with no adjustment being made for the woman’s age. As has
been explained for adult requirement, a GV of 15% is assumed for niacin requirement.The
calculated recommended intake for niacin during pregnancy is thus 130% of the requirement or
18 mg NEs per day.

For lactating women, an estimated 1.4 mg of preformed niacin is secreted daily into breast
milk. To cover the energy expenditure involved in milk production, 1 mg is further added.
Therefore, for women who are exclusively breastfeeding an infant, the additional amount of niacin
needed is 2.4 mg/day of NEs. Taking into consideration the CV for niacin requirement, the
recommended intake during lactation is 17 mg/day of NEs.

RNI for
Pregnancy 18 mg/day of NEs
Lactation 17 mg/day of NEs

Discussions on revised BRNI for Malaysia

The RNI values for niacin for Malaysia 2017, adapted from WHO/FAQ (2004), are also the
same as those adopted by the Working Group for the Harmonization of RDAs in Southeast Asia
(Tee & Florentino 2002). Appendix 7.1 provides a summary of these revised RNI, compared with
the previous RNI (2005), the recommendations of WHO/FAQO (2004), I0M (1998) and EFSA
(2014).

The TSC on Vitamins felt that the proposed RNI can be easily met by adhering to the
recommended dietary guidelines. Moreover, deficiency of this vitamin has not been reported in
the country for over 50 years.

Tolerable upper intake levels

Niacin toxicity is rarely observed at doses generally consumed and niacin from foods is not
known to cause adverse effects. Nevertheless, considerations should still be given to intake of
niacin as a supplement and fortified foods.

Symptoms of acute toxicity include flushing, itching of skin, nausea, vomiting and
gastrointestinal disturbances. In addition, jaundice, hyperglycemia, abdominal pain, elevated
serum bilirubin, alkaline phosphatase and aminotransferase levels can be seen with ingestion of
high levels of nicotinic acid (generally intakes of 3,000 mg/day or more) for long periods of time.
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The Tolerable Upper Intake (UL) Level of 35 mg/day as proposed by IOM (1998) was adopted
by the FAO/WHO (2004) Consultation Group. This value was also set for pregnant and lactating
adult women.

The UL of 35 mg/day was adjusted for children and adolescents on the basis of relative body
weight and using revised reference weights. The UL is not meant to apply to individuals who are
being treated with a nutrient under medical supervision, such as for lowering of cholesterol levels.
The UL recommended by I0M (1998) are given in Table 7.2.

Table 7.2 Tolerable Upper Intake (UL) levels of niacin for various age groups

Age groups mg/day niacin equivalents

Infants 0 - 12 months Not possible to establish
1-3years 10
Children 4 - 8 years 15
9- 13 years 20
Adolescents, 14 - 18 years 30
Men, 19 years and older 35
Women, 19 years and older 35
Pregnant women 35
Lactating women 35

Source: I0M (1998)

7.9 Research recommendations
The following priority areas of research are recommended:
e Determination of niacin status and extent of deficiency among high risk groups
e |dentification of more sensitive and specific biochemical measures of niacin status
e |dentification of specific roles or functions of niacin in disease prevention
e Determine effects of food preparation and cooking methods on niacin content of selected

foods to enable establishing conversion factors for calculating niacin losses for a wide variety
of foods.
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8 ¢ Pantothenic Acid (Vitamin B5)

Introduction

Pantothenic acid is a water-soluble vitamin, also known as vitamin B5. Pantothenic acid
consists of pantoic acid and B-alanine joined by the amide linkage. The chemical formula is
C9H17NO5. It will be converted to form pantetheine and then converts again into the only known
biologically active form which is the pantethine. Pantethine, is the active form and the stable
disulphide form of pantetheine. It is the major precursor of coenzyme A (CoA) after the chemical
structure of vitamin B5 is connected by two sulfur atoms that play a central role in the lipid and
carbohydrate metabolism. The properties of vitamin B5 are easily destroyed when during heating
and freezing. Also, it is stable when dry and in solution at a neutral pH but destroyed in acidic and
alkaline solutions. Pantothenic acid is yellow, viscous, oily, and readily soluble in water, alcohol,
and dioxane, but it is rarely soluble in diethyl ether and acetone. It is insoluble in benzene and
chloroform (Gonzalez-Lopez, Jesus, et al., 2016).

Functions

Pantothenic acid helps the body convert food (carbohydrates) into fuel (glucose), which the
body uses to produce energy. It helps the body use fats and protein. In addition to playing a role
in the breakdown of fats and carbohydrates for energy, pantothenic acid is critical to the
manufacture of red blood cells, as well as sex and stress-related hormones produced in the
adrenal glands. It is also important in maintaining a healthy digestive tract, and it helps the body
use other vitamins, particularly riboflavin.

Pantothenic acid is required for other vitamin syntheses which are vitamin A and vitamin D.
It also enhances the process of cell division, and protein synthesis thus promotes wound healing
(Weimann & Hermann, 1999) and post-surgical therapy. Besides, it helps in alcohol detoxification
which is metabolism of acetaldehyde (Chernikevich, Dorofeev & Moiseenok, 1992). Lastly,
pantothenic acid also functions in immunity where it helps fight viral hepatitis (Komar, 1990).

Metaholism

Pantothenic acid is used in CoA and acyl carrier proteins (ACP), which carry and transfer
acetyl and acyl groups, respectively. In vivo effects of pantothenic acid are thought to be a result
of its incorporation into these molecules. CoA is an essential cofactor in fatty acid oxidation, lipid
elongation, and fatty acid synthesis. It is involved in the production of many secondary metabolites
such as polyisoprenoid-containing compounds, steroid molecules, acetylated compounds,
acetylated neurotransmitters, prostaglandins and prostaglandin-like compounds. In vitro evidence
suggests that biotin and pantothenic acid use the same sodium-dependent, specialized carrier-
mediated system for uptake in colonic epithelial cells. In this rodent experiment, pantothenic acid
caused a concentration-dependent competitive inhibition in biotin uptake. That means high
pantothenic acid intake could inhibit the absorption of biotin in the large intestine (Said et al.,
1998).

Being an integral part of coenzyme-A (CoA), the pantothenic acid has critical roles in nutrient
metabolism including metabolism of energy-producing nutrients such as carbohydrate, lipids,
and protein. Sodium-dependent multivitamin transporter (SMVT) carrier is responsible for the
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uptake of lower concentration of pantothenic acid into organs and by passive diffusion when
present in high concentrations (Prasad et al., 1999). The bioavailability of pantothenic acid is
suggested in the range of 40%- 61% by estimated urinary pantothenic acid excretion.

Pantothenic acid is excreted in urine, after hydrolysis of CoA in a multistep reaction. In a
few groups of healthy subjects, average daily urinary excretion of pantothenic acid was observed
to range between about 2.0 and 3.5mg/day in children and adolescents (Schmidt, 1951;
Kathman & Kies, 1984; Eissenstat, Wyse & Hansen, 1986) and between about 2.0mg and
4.0mg/day in adults (Schmidt, 1951; Fox & Linkswiler, 1961; Fry, Fox & Tao, 1976; Kathman &
Kies, 1984; Song et al., 1985). Urinary excretion of pantothenic acid is positively correlated with
pantothenic acid intakes. CoA is hydrolysed to pantothenate, and the pantothenic acid is excreted
intact in urine.

Pantothenic acid is a water-soluble vitamin, which means that it cannot be stored by the
body and must be replenished every day. Supplement storage between 15° and 30°C in a cool,
dry place away from direct heat, light, and moisture. Dietary CoA is hydrolysed in the intestine
to dephospho-CoA, phosphopantetheine, and pantetheine. Pantetheine is further hydrolysed to
pantothenic acid (Trumbo, 2014). Intestinal absorption of pantothenic acid occurs via saturable
sodium-dependent carrier-mediated process (Stein & Diamond, 1989; Prasad et al., 1999). In
blood, pantothenic acid is transported mainly as CoA within erythrocytes (Trumbo, 2014).
Pantothenic acid uptake in tissues occurs through an active sodium-dependent mechanism. Most
of the pantothenic acid in tissues is present as CoA, mainly found in mitochondria, with lesser
amounts present as acyl-carrier protein and free pantothenic acid.

Sources

Pantothenic acid is present in a wide variety of foods (Table 8.1). Foods rich in pantothenic
acid include meat (products), eggs, nuts, avocados and cruciferous vegetables (FSA, 2002;
Anses/CIQUAL, 2012). The main contributors to pantothenic acid intakes include meat products,
bread, milk-based products and vegetables (Afssa, 2009; DGE, 2012). Currently, pantothenic acid
(as D-pantothenate, calcium; D-pantothenate, sodium or dexpanthenol) may be added to foods
and food supplements.
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Table 8.1: Pantothenic acid content of foods

Food mg per 100g
Poultry, meats, fish,
Qily fish (Trout cooked) 2.2
Beef & Veal (Veal Shoulder, Cooked) 1.6
Lean Pork (Sirloin, Cooked) 1.6
Eggs 1.5
Chicken patty, frozen, cooked 1.1
Chicken breast tenders, breaded, cooked, microwaved 1.0
Fruits
Avocados 14
Apricots, dehydrated, sulfured, uncooked 1.1
Dates, deglet noor 0.6
Vegetables
Mushrooms (Shiitake, Cooked) 3.6
Seeweed, spirulina, dried 3.5
Sweet Potato (Baked) 0.9
Broccoli 0.4
Cereals and grains
Rice bran, crude 7.4
Sunflower Seeds 7.1

Milk and dairy products

Cheese (Gjetost) 3.4
Yogurt (plain, non-fat) 0.7
Milk 0.4

Source: USDA, 2015
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Deficiency

Pantothenic acid is ubiquitous in foods and dietary deficiency is rare. Deficiency symptoms
have been described in subjects on a pantothenic acid antagonist and/or pantothenic acid-deficient
diet and include mood changes, as well as sleep, neurological, cardiac and gastrointestinal
disturbances (Smith & Song, 1996; SCF, 2002; Trumbo, 2014). Based on the deficiency
experiments done on the human subjects in the mid-to-late 1950’s, the signs and symptoms of
pantothenic deficiency are commonly fatigue, malaise, apathy, headache and muscle weakness.
Other symptoms reported are gastrointestinal complaints such as nausea, vomiting, abdominal
cramps, epigastric burning sensation, and increased flatulence (Sampedro et al., 2015).

There are also some neurobiological effects that include numbness, paresthesia in toes and
on the soles of feet, muscle cramps, and staggering gait. Other symptoms associated with a
deficiency in pantothenic acid are sleep disturbances, emotional disorders, and personality
changes. Deficiency of pantothenic acid will decrease the synthesis of Keratinocyte Growth Factor
(KGF) and procollagen 4a2 in fibroblasts which result in the reduction of keratinocyte
differentiation and proliferation (Kobayashi et. al., 2011).

Laboratory analysis to determine pantothenic acid concentration of human milk from healthy
mothers has been carried out using standard microbiological methods such as microbiological
assay using Lactobacillus arabinosus or Lactobacillus plantarum and radioimmunoassay (EFSA,
2014).

Pantothenic acid concentration in erythrocytes or whole blood has also been determined in
laboratory analysis. In the study among adolescents by Eissenstat et al. (1986), positive
correlations were also reported between pantothenic acid intakes and its concentrations in
erythrocytes or in whole blood (mean intake of about 5 mg/day from food only). A positive
correlation between pantothenic acid intakes and its concentrations in whole blood has also been
observed in older adults (Srinivasan et al., 1981).

Urinary excretion of pantothenic acid and, to a lesser extent, pantothenic acid concentration
in whole blood or erythrocytes reflect pantothenic acid intake. Data from the general population
are limited so that the variability characteristics of these biomarkers and their ability to
discriminate between pantothenic acid insufficiency and adequacy are not well known. No cut-off
values have been established for these biomarkers (EFSA, 2014).

Factors affecting pantothenic acid requirements

Few investigations about the effect of pantethine treatment on the platelet function have been
done. It has been shown that oral treatment with pantethine helps to lower the total cholesterol
and total phospholipids significantly, not only in the plasma but also in the platelet while
maintaining their ratio. The pantethine may affect the fluidity of the cell membrane of platelet
composition. Thus, some suggestions have been made that pantethine supplementation could
prevent atherogenesis by its effectiveness on serum lipid profile and platelet aggregability in
people (Horvath & Vecsei, 2009).
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Specific considerations during pregnancy and lactation

Two small cohort studies in pregnant and lactating women and non-pregnant, non-lactating
women provide data on pantothenic acid intakes as well as urinary pantothenic acid excretion
(Song et al., 1985) and whole blood pantothenic acid concentration (Song et al., 1985). Mean
pantothenic acid intakes were between 5.3 and 6.2 mg/day in pregnant and lactating women and
between 4.8 and 5.0 mg/day in controls. In both studies, average urinary pantothenic acid
excretion levels were lower than intakes in all groups of women. Results were inconsistent with
respect to differences in urinary excretion of pantothenic acid between pregnant or lactating and
non-pregnant, non-lactating women.

Song et al. (1985) observed that concentrations of pantothenic acid in whole blood were
significantly lower in pregnant and lactating women than in non-pregnant, non-lactating women,
and significantly lower in pregnant women than in lactating women. The ESFA Panel (2014)
concludes that data on biomarkers in pregnant and lactating women are scarce and provide
inconsistent results and cannot be used to infer on a difference in the pantothenic acid status of
pregnant and lactating women compared with non-pregnant, non-lactating women.

Assuming an average breast milk pantothenic acid concentration of 2.5 mg/L and an average
breast milk secretion of 0.8 L/day over the first six months of lactation (Butte, Lopez-Alarcon &
Garza, 2002; WHO/FAQ, 2004; EFSA, 2014), the Panel notes that mean pantothenic acid secretion
in milk is 2 mg/day in fully breast-feeding women.

Setting requirements and recommended intakes of pantothenic acid

There were no recommendations for pantothenic acid in the previous version of RNI (2005).
There are no local studies available on pantothenic acid requirements that the Technical Sub
Committee (TSC) on Vitamins could use as a reference when considering RNI for the vitamin.
There are also no local studies of the biochemial status of the population. The main references
used by the TSC to establish intake of pantothenic acid were WHO/FAO (2004), I0M (1998) and
EFSA (2014). The rationale and steps taken in setting the requirements and the levels
recommended by these organisations were considered.

According to EFSA (2014), there are not many evidence and studies done on pantothenic
acid. There are only a few reports of the biochemical status of the pantothenic acid among the
population group. The TSC on Vitamins accepts the approach taken by WHO/FAQ (2004), the
main reference of the TSC and decided to adopt these values as the RNI for pantothenic acid for
Malaysia 2017. As will be discussed later in this chapter, these values are generally similar to the
recommendations of EFSA (2014). Hence, the TSC decided not to adopt the EFSA
recommendations although this is the latest publication on recommended intake for pantothenic
acid. These values are given in the bold in the following paragraphs according to age groups and
summarised in Appendix 8.1.
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Infants

Infants aged between 0 to 6 months usually consumed human milk as it is the optimal milk
source for infants. Besides that, it is recommended to consume human milk throughout the first
year of life because of its nutritional value. Human milk also contains pantothenic acid. Based on
IOM (1998), the estimated concentration of pantothenic acid in human milk is between 2.2 t0 2.5
ml/L. Thus, Al for pantothenic acid for infants aged between 0 to 6 months is 1.7 mg/day. While
the Al for infants aged between 7 to 12 months is 1.8 mg/day as it is the mean obtained from two
methods of extrapolation which is by extrapolating the Al for pantothenic acid for younger infants
aged 0 to 6 months and also Al for adults to estimate a recommended intake. The values for both
extrapolations are 2.2 mg/day and 1.4 mg/day respectively.

For infants over six months, an Al of 3 mg/day is proposed by extrapolating from the
pantothenic acid intake of exclusively breast-fed infants aged zero to six months, using allometric
scaling and reference body weight for each age group, in order to account for the role of
pantothenic acid in energy metabolism (ESFA, 2014).

German Society of Nutrition - Austrian Society of Nutrition - Swiss Society of Nutrition
Research - Swiss Association for Nutrition (D-A-CH) (2013), WHO/FAQ (2004) and Afssa (2001)
proposed Als for infants aged 7-12 months based on extrapolation from typical pantothenic acid
intakes with human milk in younger exclusively breast-fed infants. Following the same approach,
[OM (1998) estimated a value of 2.2 mg/day, while a value of 1.4 mg/day was obtained by
downward extrapolation of the Al for adults using allometric scaling (body weight to the power
of 0.75 and reference body weights) and allowing for the needs for growth by addition of a growth
factor; thus, an Al of 1.8 mg/day was set for infants aged 7-12 months, being the mean of both
values.

RNI for infants

0 - 5 months 1.7 mg/day
6 - 11 months 1.8 mg/day

Children and adolescents

The same recommendation in term of adequate intake (Al) was made for the intake of
children and adolescent by the FAO/WHO Consultation as well as the I0M (1998). Al are used
instead as no data were found on which to base an Estimated Average Requirement (EAR) and
thus a Recommended Dietary Allowance (RDA) for pantothenic acid for children or adolescents
of any age group. The data for IOM are tabulated by extrapolating extrapolation downward from
the EAR for the children by adjusting for metabolic body size and growth and adding a factor for
variability. The same approaches are used to establish Al for the adolescent.
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The Al for children and adolescents is set at 4 and 5 mg/day, respectively, based on observed
intakes in the EU (EFSA, 2014). Estimates of pantothenic acid intakes in children and adolescents,
adults and older adults were available from eight EU countries. In boys and girls (3-12 years),
mean/median intakes of 3.0 to 5.7 mg/day were reported, while mean/median intakes of 3.0 to
7.2 mg/day were observed in adolescent boys and girls (11-19 years) (EFSA, 2014).

D-A-CH (2013) derived Als for children by interpolation between the values for infants. I0M
(1998) extrapolated the Als for children and adolescents from the Al of adults using allometric
scaling and allowing for the needs for growth by the addition of a growth factor, which resulted
in values consistent with available observed intakes for these age groups and intakes associated
with blood and urinary pantothenic acid concentrations considered adequate.

Al for children

1 - 3 years 2 mg/day
4 - 6 years 3 mg/day
7 -9 years 4 mg/day

Al for adolescents

Boys 10-18 years 5 mg/day
Girls 10-18 years 5 mg/day

Adult and Elderly

The Al for adults is set at 5 mg/day. In adult men and women below 65 years, mean/ median
intakes of 3.2 to 6.3 mg/day were reported, while mean/ median intakes were between 2.2 and
6.0 mg/day in older men and women.

Study by Tarr, Tamura and Stokstad (1981), reported that average American diet used
contained 5.8 mg/day of pantothenate, as reported for small groups of U.S. adults and
adolescents. As there is no evidence the range of intake is inadequate, therefore an average value
of 5 mg/day is set as the Al for adults. Dietary Reference Intakes for Japanese (Ministry of Health,
Labour and Welfare, 2015) as well recommended Al of 5 mg/day pantothenic acid for both adults
and elderly except women adults that were recommended at 4 gm/day.

A study by Srinivasan et al. (1981), which involved elderly aged 65 years and older, state that
pantothenic acid intakes from food averaged 2.9 mg/1,000 kcal, or 5.9 + 0.1 mg/day (range 2.5
- 9.5 mg/day). Thus, urinary pantothenic acid excretion of unsupplemented individuals averaged
6 mg/day. These data support the adequacy of the 5.9 mg/day intake from diet alone. There is no
relationship between urinary excretion and age. Thus, as there is no basis to expect increased of
pantothenic acid requirements in the elderly, the same recommendation as the younger adult is
set for elderly, aged 51 years and older, at 5 mg/day. Similarly, there is no basis for determining
a separate recommendation based on gender, so the Als for men and women are the same.
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Al for adults
Men 19 - 65 years 5 mg/day
Women 19 - 65 years 5 mg/day
Al for elderly
Men > 65 years 5 mg/day
Women > 65 years 5 mg/day

Pregnancy and Lactation

D-A-CH (2013) and Afssa (2001) considered the Al set for adults to be sufficient to cover the
period of pregnancy. WHO/FAQ (2004) and IOM (1998) noted some evidence of lower whole
blood pantothenic acid concentrations in pregnant women compared to non-pregnant women,
although no differences in urinary excretion were observed and average intakes were found to
exceed excretion (Song ef al., 1985). The I0M (1998) set an Al of 6 mg/day based on observed
average intakes in pregnant women (Song et al., 1985) and rounding up.

During pregnancy, there is a study done which found that the blood pantothenate
concentrations in pregnant women are significantly lower, but there is no difference in urinary
excretion in pregnant women compared with non-pregnant women. Hence, the Al set by the [OM
(1998) is 6 mg/day since there is absence of information that is usual intakes in the United States
and Canada is insufficient to support a healthy pregnancy outcome. Meanwhile, the Al for adults
also applies to pregnant women (EFSA, 2014).

According to IOM (1998), there is no evidence that pantothenic acid intakes are inadequate
to support function during lactation. However, consider that the loss of 1.7 mg/day through human
milk and lower maternal blood concentrations corresponding to intakes of about 5 to 6 mg/day,
the Al of 7 mg/day of pantothenic acid is being set. This value is the same as proposed by EFSA
(2014) for lactating women, an Al of 7 mg/day is proposed, to compensate for pantothenic acid
losses through breast milk. WHO/FAO (2004), Afssa (2001) and I0M (1998) proposed an Al of 7
mg/day for lactating women, to compensate for losses through breast milk. D-A-CH (2013)
considered the Al set for adults to be sufficient to cover the period of lactation.

RNI for

Pregnancy 6 mg/day
Lactation 7 mg/day

167
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Discussions on revised BRNI for Malaysia

There were no recommendations for pantothenic acid in the previous version of the
Malaysian RNI (2005). The proposed recommended intakes for the revised recommended intakes
for Malaysia 2017 are same as those adopted by WHO/FAQ (2004). The recommendation levels
of pantothenic acid by WHO/FAO (2004) are also almost similar to the Adequate Intake (Al) values
of IOM (1998). The recommendations of EFSA (2014), which is the latest report published, are
also similar to those of these two organisations for most age groups, except for infants and young
children. The recommendations in EFSA (2014) are higher for infants and young children
compared with those of WHO/FAQO (2004) and I0M (1998).

Tolerable upper intake level

A Tolerable Upper Intake Level (UL) for pantothenic acid could not be derived but evidence
available from clinical studies using high doses of pantothenic acid (up to 2 g/day) indicates that
intakes considerably in excess of observed levels of intake from all sources do not represent a
health risk for the general population (SCF, 2002).

A study by General Practitioner Research Group (1980) involved patients who were treated
with various dosage of calcium pantothenate for eight weeks, starting with 500 mg/day in the
first two days, then 1g/day for the next three days. After that, 1.5 g/day of calcium pantothenate
are given for the following four days and 2 g/day from day 10 until the end of the trial. This study
reported that there is no side effect of the treatment given, and there is evidence of beneficial
effect on pain and disability in rheumatoid arthritis patients.

Research recommendations

The following priority areas of research are recommended:

1. Research on pantothenic acid biomarkers that could be used to characterise the adequacy
of pantothenic acid status.

2. To determine pantothenic acid content in food sources.
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9 ¢ Pyridoxine (Vitamin Bé)

Introduction

Vitamin B6 or pyridoxine is used to generically describe vitamers that include the alcohol
pyridoxine, the aldehyde pyridoxal, the amine pyridoxamine, and their 5’-phosphates. It is a water-
soluble vitamin, stable in acid and unstable in alkali. The metabolically active form is pyridoxal 5’-
phosphate (PLP). Plasma PLP concentration is the biomarker of status used to derive
recommendations for vitamin B6. Vitamin B6 is ingested mostly in the pyridoxine and
phosphorylated forms from plant foods and in the pyridoxamine and pyridoxal forms in animal
foods. Ingested phosphorylated forms are dephosphorylated in the intestinal mucosa.

Functions

Pyridoxal phosphate (PLP) is involved in amino acid metabolism. Transamination of amino
acids into oxo (keto) acids requires PLP dependent enzymes to produce non-essential amino
acids. PLP is also involved as a cofactor in the decarboxylation of amino acids to yield amines.
Amines that are dependent on PLP include histamine, dopamine (which is then further converted
into noradrenaline and adrenaline, also known as norepinephrine and epinephrine), serotonin and
GABA (y-aminobutyric acid) and phosphatidylethanolamine.

Many enzymes are PLP dependent because they are needed to transform amino acids into
other resources. For example, kynureninase is a PLP dependent enzyme, which is involved in the
biosynthesis of niacin (vitamin B3) from trytophan (Rios-Avila et al., 2013). Another example is
5-aminolevulinate synthase, which is the precursor in haem synthesis (Ferreira & Gong, 1995).
It is also a coenzyme in the synthesis of sphingoid bases, which are involved in signal
transmission and cell recognition.

In the muscle, PLP functions as a coenzyme of glycogen phosphorylase. The phosphate
group of PLP donates a proton to an inorganic phosphate molecule, which sets off a chain of
deprotonation which catalyses the breakdown of glycogen and results in the formation of glucose-
1-phosphate.

Vitamin B6 also acts as a regulator of actions of steroid hormones (including androgens,
oestrogens, progesterone, glucocorticoids), calcitrol, retinol and retinoic acid, and the thyroid
hormones. PLP releases the hormone-receptor-complex from tight nuclear binding, and
terminates hormone actions.

Metabolism

Vitamin B6 must be obtained from the diet, as human beings cannot synthesise it. All forms
of vitamers except 4-pyridoxic acid (4-PA) and pyritinol can be interconverted. Ingested Vitamin
B6 is absorbed as pyridoxal (PL), pyridoxamine (PM) and pyridoxine (PN) by passive diffusion
in the jejunum, and are converted into pyridoxamine 5’-phosphate (PMP) by pyridoxal kinase.
PMP is further converted to pyridoxal 5-phosphate (PLP) by pyridoxamine phosphate
transaminase or pyridoxine 5’-phosphate oxidase. PLP is the metabolically active form.
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Pyridoxine 5’-phosphate oxidase is dependent on riboflavin-5’-phosphate (also known as
flavin mononucleotide, FMN) as a cofactor, which is produced from riboflavin (vitamin B2)
(McCormick, 1989). Therefore dietary vitamin B6 is not available for absorption without vitamin
B2 in this pathway.

The liver is the primary site of metabolism for the B6 vitamers. Most absorbed vitamin B6
is transported to the liver in their unphosphorylated forms. From the liver, PLP is released into
the plasma, as a PLP-albumin complex. From the plasma, tissues and erythrocytes transport
nonphosphorylated forms and convert them to PLP, where it could then bind with proteins. The
protein binding allows for accumulation and retention in tissues, where it is found primarily in the
mitochondria and cytosol. For uptake into extrahepatic tissues, the phosphate is hydrolysed by
extracellular alkaline phosphotase, then retained intracellularly by phosphorylation. The muscle
stores most of the body’s vitamin B6.

Despite high dietary intakes of B6, PLP accumulation in tissues is limited by this capacity for
protein binding. When this capacity is exceeded, free PLP is rapidly dephosphorylated. In the liver,
free pyridoxal is irreversibly oxidized to 4-pyridoxic acid, which is then released to be excreted
via urine. If very large doses of vitamin B6 are consumed, other forms of the vitamin may also
be found excreted in the urine. Vitamin B6 is also excreted in the faeces as a product of excess
B6 intake and microbial synthesis of B6 in the lower gut.

The IOM (1998) reviewed the literatures available on possible interaction between increased
protein intake and reduction in vitamin B6 status as indicated by various biomarkers, and
concluded that the decrease in plasma PLP resulted from induction of PLP-dependent enzymes
possibly leading to retention of PLP in the tissue.

Sources

Vitamin B6 is available in a wide variety of foods particularly in meat, fish, poultry, organ
meats, enriched cereal products, fortified soy-based meat substitutes, beans, lentils and bananas.
Pyridoxamine and pyridoxal forms of vitamin B6 in foods of animal origin have a bioavailability
of about 75% (Roth-Maier, Kettler & Kirchgessner, 2002) to almost 100% in some foods
(Reynolds, 1998).

Most Malaysians consume rice and bread. It is important to note that brown rice
(Lebiedzinska & Szefer, 2006) and bread made with whole-wheat flour (Batifoulier et al., 2006)
contain about double the pyridoxine concentration compared to polished rice and white bread.
Plant foods have vitamin B6 in glycosylated form, which reduces its bioavailability (Reynolds,
1998; Hansen, Leklem & Miller, 1996). Waldmann and colleagues (2005) recommend that vegans
and vegetarians should include foods with a high bioavailability of pyridoxine, such as beans,
lentils and bananas.

However, Golden (2009) reported that the glycosylated form constitutes 20% of pyridoxine
in rice, 28% in wheat, and 15% to 57% in beans, which if ingested could reduce the availability
of free pyridoxine from other sources. A significant increase in faecal excretion of total vitamin
B6 was observed in women who were prescribed a high pyridoxine glucoside diet compared to
their excretion when they were receiving a low pyridoxine glucoside diet in a crossover trial
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(Hansen et al., 1996). The increase in faecal excretion during the high pyridoxine glucoside diet
was accompanied by decreases in total plasma vitamin B6 and PLP levels, which indicates
reduced absorption of vitamin B6 and/ or increased synthesis by intestinal microflora. Processing
of soy-products reduced its pyridoxine concentration (Lebiedzinska & Szefer, 2006); therefore
vegans and vegetarians should include fortified versions in their diet.

There is wide variation in the B vitamin content of cooked foods as such items are susceptible
to cooking losses, particularly when liquids in which food is cooked are not consumed (I0M,
1998). The losses may vary from 0% to about 40% (Golden, 2009). A comparison of vitamin B6
content is given in Table 9.1.

Table 9.1: Pyridoxine (vitamin B6) content of foods

Food mg per 100g

Poultry, meats, fish, legumes

Vegetarian fillets™ 15
Tuna, yellowfin, fresh, cooked 1.0
Beef, variety meats and byproducts, liver, pan fried 1.0
Tempeh, cooked 0.2
Lentils, mature seeds, boiled without salt 0.2
Egg, chicken, whole, poached 0.1
Fruits

Banana 04
Jackfruit (nangka) 0.3
Durian 0.3
Raisins, seedless 0.2
Vegetables

Shallots 0.3
Taro (keledek), cooked, without salt 0.3
Potatoes, without skin, boiled, without salt 0.3
Spinach, boiled, drained, without salt 0.2
Capsicum 0.2
Cereals and grains

Oat cereal, instant, fortified, plain, prepared with water 0.3
Wheat cereal, RTE, puffed, fortified 0.2
Milk and dairy products

Milk, whole 0.04
Yoghurt, plain, whole milk 0.03

*Vegetarian fillets are meat-free products made from soy derived textured vegetable proteins or fungi derived or
other plant origin materials.
Source: USDA, 2015
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Deficiencies

Deficiency is rare because the amount of vitamin B6 absorbed exceeds physiological needs,
except in individuals with autoimmune disorders that cause inflammation, coeliac disease,
individuals with impaired renal functions probably due to increased metabolic clearance of
pyridoxal 5’-phosphate, and individuals with chronic alcohol dependency because pyridoxal 5-
phsophate loses out in competition with alcohol acetaldehydes. When it occurs, vitamin B6
deficiency is associated with microcytic hypochromic (sideroblastic) anaemia,
electroencephalographic abnormalities, dermatitis with cheilosis, naso-lateral seborrhoea,
glossitis, depression and confusion, weakened immune function, and peripheral neuropathy
(epiletic form convulsions in infants) (FAO/WHO, 2001; I0M, 1998). Electroencephalographic
abnormalities have been observed in young non-pregnant women in controlled depletion studies
with experimental diets consisting less than 0.06 mg/day of vitamin B6 (Kretsch, Sauberlich &
Newbrun, 1991), which was reversed with administration of 0.5 mg/day vitamin B6.

Moderate vitamin B6 deficiency results in abnormalities of amino acid metabolism because
they are dependent on PLP as a coenzyme. These include impairment of conversion of tryptophan
to niacin, and methionine to cysteine. The conversion of trytophan to nicotinic acid is interrupted,
which leads to accumulation of hydroxykynurenine and xanthurenic acid. Xanthurenic acid is then
detectable in urine after an oral trytophan load. Deprivation of vitamin B6 also deprives
gluconeogenesis of its PLP-dependent transaminases and glycogen phosphorylase, which results
in impaired glucose tolerance. Vitamin B6 deficiency is also associated with increased sensitivity
of tissues to steroid hormone actions.

Vitamin B6 status can be determined by various markers. The most commonly measured
marker is fasting plasma PLP, which is a good biomarker for PLP content in the liver (Chiang et
al., 2005). PLP is positively associated to vitamin B6 intake and changes in intake are reflected
in the biomarker within 1 to 2 weeks (Ueland et al., 2015). However other factors not related to
vitamin B6 status affect plasma PLP concentration: diabetes (Ueland et al., 2015), albumin
concentration, alkaline phosphatase activity and alcohol consumption (Brussaard et al., 1997).
Another marker is activation of erythrocyte aspartate aminotransferase (o-EAST) and alanine
aminotransferase (a-EALT) by PLP, which are used as a marker for long-term vitamin B6 status.
Their large variation in values limits their usefulness as biomarkers of status (Raica & Sauberlich,
1964).

The prevalence of vitamin B6 deficiency in Malaysia is uncertain because its biomarker of
status has not been measured. Among Malaysian women of reproductive age, median intake was
1.0 mg/d (5th to 95th percentile: 0.4 - 2.6 mg/d); biomarkers of vitamin B6 were not measured
(Khor et al., 2005). The lack of data on prevalence of deficiency in lactating women and therefore
infants globally can also be attributable to lack of reported studies (Allen, 2012).

Factors affecting pyridoxine requirements

Factors to be considered when estimating the pyridoxine requirement include the
bioavailability of vitamin B6 (Reynolds, 1998; Roth-Maier et al., 2002), genetic variability of grains
(Batifoulier et al., 2006), nutrient - nutrient interactions (IOM, 1998), processing and cooking
procedures, drug interactions (I0M, 1998), and disease state of individuals (I0M, 1998). Age is
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associated with decrease in plasma concentration of vitamin B6. It is not known whether this
decrease in the elderly reflects an inadequate intake, a greater requirement, or changes in tissue
distribution and metabolism of the vitamin with increasing age.

Setting requirements and recommended intake of pyridoxine

There had been no recommendations for pyridoxine in the previous Malaysian RNI of 2005.
In sourcing of references to establish RNI for B6 for Malaysian RNI 2017, the Technical Sub
Committee (TSC) for Vitamins noted that there are no studies on the requirement for this vitamin
among the local population. Biochemical studies of the status of the vitamin is also scarce in the
country. The TSC reviewed the rationale and approaches adopted by three international scientific
organisations, namely WHO/FAQ (2004), IOM (1998) and EFSA (2016). The TSC decided to base
their recommendations for Malaysian RNI 2017 for pyridoxine on WHO/FAQ (2004) as those
values were derived from carefully considered larger body of studies. The TSC decided not to base
their recommendations according to recommendations by EFSA (2016) as they were derived
from studies with small sample sizes, comprising mostly of Europeans. The TSC for Vitamins
felt that small randomised controlled studies were not adequate to revise recommended values.

Infants

An adequate intake (Al) was used by the IOM DRI Committee to estimate vitamin B6
requirements for infants. The Al is based on the observed mean intake of dietary vitamin B6 for
healthy exclusively breastfed infants for the first 6 months and B6 concentration of milk produced
by well-nourished mothers. The Al for infants 0 through 6 months of age is derived by using 780
ml as the average volume of milk per day and 0.13mg/L (West & Kirksey, 1976) as the average
B6 concentration. The requirement thus calculated is 0.1 mg/day.

For older infants, the DRI Committee used the reference body weight ratio method to
extrapolate from the Al for B6 for infants ages 0 - 6 months. The Al for this group of infants was
thus calculated to be 0.2 mg/day after rounding. The Committee also extrapolated from the
Estimated Average Requirement (EAR) for adults and after adjusting for expected variance, gave
an Al for B6 of 0.4 mg/day. The Committee also reviewed data obtained from several controlled
studies that measured B6 intake and assessed infant status. These data were found to support
the estimated Al of 0.3 mg/day of B6 for older infants as the mean obtained from the two methods
of extrapolation (I0M, 1998).

The WHO/FAO (2004) recommends a RNI of 0.1 mg/day for infants 0 through 6 months of
age, and 0.3 mg/day for older infants. The EFSA (2016) Dietetic Products, Nutrition and Allergies
(NDA) Panel recommends an Al of 0.3 mg/day for infants aged 7 - 11 months.

RNI for infants

0 - 5 months 0.1 mg/day
6 - 11 months 0.3 mg/day
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Formulas for full-term infants studied showed those samples provide higher levels of vitamin B6
than does human milk (Young, Eitenmiller & Soliman, 1998) and formula fed full-term infants have
higher plasma pyridoxal 5’-phosphate (PLP) concentrations than full-term infants fed with human
milk (Borschel et al., 1986).

Children and adolescents

For older children, the recommended intakes were estimated from maintenance needs with
respect to body weight and extrapolating from adult values (IOM, 1998). The Al for children was
estimated to range from 0.5 - 0.6 mg per day. The Al for adolescents was estimated to range from
1.0 to 1.3 mg per day. It was assumed that total needs for males and females do not differ
substantially until age 14 years, when reference weights differ. The WHO/FAQO (2004) recommends
the same amounts for children aged 1 to 9 years, 1.3 mg/day for adolescent boys aged 10 to 18
years, and 1.2 mg/day for adolescent girls aged 10 to 18 years. The EFSA NDA Panel (2016) sets
an Average Requirement between 0.5 - 1.2 mg/day for children aged 1 - 14 years of both sexes.
For adolescents aged 15 - 17 years, the EFSA NDA Panel derives their Average Requirement as
similar to adults.

The IOM (1998) method of estimating EAR and RDA was used to determine EAR (RDA) for
children and adolescents; boys aged 7 - 12 years: 0.84 (1.01) mg/d and girls aged 7 - 12 years:
0.75 (0.89) mg/d (Chang et al., 2002); boys aged 13 - 15 years: 1.07 (1.28) mg/d and girls aged
13 - 15 years: 0.90 (1.08) mg/d (Chang, Hsiao & Hsuen, 2003). The RDA for boys aged 16 - 18
years is suggested to be 1.1 mg/d and girls 1.0 mg/d (Chang et al., 2007).

When treating malnourished children, it is recommended that pyridoxine requirements be set
at 1.8mg/1,000 kcal for a fortified food approach, 0.8 g/1,000 kcal for mixed diets, and 1 mg/1,000
kcal if the diet contains milled whole cereals (Golden, 2009).

RNI for children

1- 3 years 0.5 mg/day
4 - 6 years 0.6 mg/day
7 - 9years 1.0 mg/day

RNI for adolescents

Boys 10 - 18 years 1.3 mg/day
Girls 10 - 18 years 1.2 mg/day
Adults and elderly

The 10M (1998) used mostly depletion - repletion studies to estimate EAR for adults and the
elderly, and assumed a coefficient of variation (CV) of 10 percent because of unavailability of
standard deviation of the requirement for vitamin B6. A plasma PLP level of 20 nmol/L was used
as the criteria for sufficiency for setting the EAR (Bailey et al., 1999; I0M, 1998; Liu et al., 1985).
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The RDA is then defined as twice the CV, therefore the RDA is 120 percent of the EAR. Based on
these studies, the RDAs for the elderly is higher than those for adults (Selhub ef al., 1993; Ribaya-
Mercado et al., 1991). The WHO/FAQ (2004) recommends 1.3 mg/day for men and women aged
19 to 50 years, 1.7 mg/day for men above 50 years, and 1.5 mg/d for women above 50 years.

The EFSA NDA Panel (2016) considers the Average Requirements and Population Reference
Intakes (PRIs) from the vitamin B6 intake required to maintain mean concentration of plasma
PLP above 30 nmol/L from several intervention studies on 44 young women. The EFSA NDA
Panel sets the AR for all adult women at 1.3 mg/day and PRI at 1.6 mg/day. In the absence of
similar data for men, the EFSA NDA Panel sets the AR for all adult men at 1.5 mg/day and PRI at
1.7 mg/day, using allometric scaling from the AR of women and taking into account the difference
in reference body weight.

Low plasma vitamin levels have been associated with cognitive decline in the elderly (van de
Rest et al., 2012). In the elderly, supplementation with vitamin B6, B12 and/or folic acid may
normalise homocysteine levels, but have not been shown to clearly improve or slow cognitive
decline (Krause & Roupas, 2015). An earlier Cochrane review of two randomised control trials
concluded that vitamin B6 had no overall effects on cognition or mood (Malouf & Grimley, 2003).

The I0M (1998) noted that 1 mg/day is sufficient for most adults because clinical symptoms
of B6 deficiency have been reported only in controlled studies with very low levels of B6 during
the depletion experimental diet. Individuals with very high protein diets may require higher levels
of vitamin B6. There is an Evidence Level [IA suggestion from a depletion - repletion study that
non-pregnant young women consuming a high-protein diet (1.55g/kg body weight) should
consume 1.94 mg/d of vitamin B6 (Huang et al., 1998). Kretsch et al. (1995) suggested in a
depletion study (Evidence Level IB) that a RDA of 0.020 mg/g protein for vitamin B6 be used for
young non-pregnant women on a high protein diet (1.55 g /kg body weight).

There is an Evidence Level IB suggestion that the EAR should be revised to 1.2mg/d and the
RDA should be 1.7 mg/day for young women (Hansen et al., 2001). There is an Evidence Level
[l study, which suggests RDA values of 1.6 mg/d for men and 1.5 mg/d for women aged 17 - 25
years (Cho & Kim, 2004).

RNI for adults

Men 19 - 50 years 1.3 mg/day
Women 19 - 50 years 1.3 mg/day
Men 51 - 59 years 1.7 mg/day
Women 51 - 59 years 1.5 mg/day

RNI for elderly

Men 60 - 65 years 1.7 mg/day
Women 60 - 65 years 1.5 mg/day
Men > 65 years 1.7 mg/day

Women > 65 years 1.5 mg/day
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Pregnancy and Lactation

The IOM (1998) recommends RDAs of 1.9 mg/day for pregnant women and 2.0 mg/day for
lactating women. The increased recommendations are based on average estimated accretion by
the placenta and foetus, and increased demands of about 0.25 mg/day WHO/FAQO (2004); I0M,
1998). Consequently both the WHO/FAO and IOM recommend an increase of 0.5 mg/day of
vitamin B6 to reasonably meet the need in the third trimester of pregnancy. The EFSA NDA Panel
(2016) recommends an increase of 0.2mg/day for pregnant women, and sets an AR of 1.5 mg/day
and PRI of 1.8 mg/day. For lactating women, the EFSA NDA Panel estimates an additional intake
of 0.133 mg/day, and sets an AR of 1.4 mg/day and PRI of 1.7 mg/day. The EFSA recommendation
is based on vitamin B6 bioavailability from a mixed diet (75%).

The vitamin B6 intake of mothers is a strong predictor of infant status (Allen, 2012; Kang-
Yoon et al., 1992). Mothers receiving higher levels of vitamin B6 supplements post-natal in the
form of daily PN.HCI produced breast milk with higher levels of vitamin B6 content (Chang &
Kirksey, 1990; Borschel, Kirksey & Hannerman, 1986). Chang and Kirksey (1990) reported that
PLP concentrations in infant cord blood, and maternal plasma, vitamin B6 concentration in
colostrum were positively correlated with vitamin B6 supplementation during pregnancy.
Consequently the WHO/FAO (2004) and IOM (1998) recommend an increase of 0.6 mg/day of
vitamin B6 for lactation. The I0M (1998) recommends the EAR of 1.1 mg/day to ensure that
breast milk contains 0.13 mg/L of vitamin B6. A Cochrane review concluded that there were few
trials and inadequate evidence to demonstrate clinical benefits of vitamin B6 supplementation
during pregnancy (Salam, Zuberi & Bhutta, 2015).

RNI for
Pregnancy 1.9 mg/day
Lactation 2.0 mg/day

Discussion on revised RNI for Malaysia

The recommendations for vitamin B6 in Malaysian RNI 2017 are similar to WHO/FAQ (2004)
as well as those in the IOM (1998) recommendations. The recommendations for adolescents and
adults are lower than values recommended by EFSA (2016). On the other hand, the
recommendations during pregnancy and lactation are slightly higher than those of EFSA (2016).

Tolerable upper intake levels

The IOM (1998) reported no adverse effects from high intake of vitamin B6 from food
sources. Large oral doses of supplemental pyridoxine used to treat medical conditions have been
associated with sensory neuropathy and dermatological lesions (Cohen & Bendich, 1986).
Schaumburg et al. (1983) reported sensory neuropathy at dosages of 2,000 to 6,000 mg/day of
pyridoxine for 2 to 40 months. Friedman, Resnick & Baer (1986) reported dermatological lesions
after consumption of 2 to 4 g/day of pyridoxine for more than 1 year. The WHO/FAO (2004) adopts
a Tolerable Upper Intake Level (UL) of 100 mg/day of pyridoxine, which was proposed by the
[OM (1998). The European Union adopts a UL of 25 mg/day (SCF, 2000), and the UK adopts a UL
of 10 mg/day (EVM, 2003).
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There are homeopathic remedies that suggest vitamin B6 intake of 100 to 500 mg/d,
including being used to treat morning sickness during pregnancy (Masino & Kahle, 2002). Given
the UL, such actions should be viewed with caution despite very little evidence of reported adverse
side effects (Simpson et al. 2010; Shrim et al. 2006). There is inadequate evidence on adverse
effects from intakes of pyridoxine of 100 to 200 mg/day and the duration of intake at these levels
(Renwick, 2006). The tolerable upper intake for vitamin B6 for various age groups as proposed
by I0M (1998) is given in Table 9.2.

Table 9.2: Total Upper Intake (UL) levels of vitamin B6 for various age

mg/d of vitamin B6

Infants 0 - 5 month ND
6 - 11 month ND
Children and adolescents 1-3y 30
4-8y 40
9-13y 60
M:14-18y 80
F14-18y 80
Adults M:19-50y 100
F:19-50y 100
M:51-59y 100
F:51-59y 100
Elderly M:60 - 65y 100
F:60-65y 100
M:>65y 100
F:>65y 100
Pregnancy 100
Lactation 100

ND: Not possible to establish
Source: I0OM (1998)
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9.9 Research recommendations
The following priority areas of research are recommended:

e Data on dietary intake of vitamin B6 among community groups, particularly children and
women, in terms of dietary B6 and supplemental B6.

*  Content of vitamin B6 and pyridoxine glycoside in a variety of foods available in the market
to improve the food composition tables.

e Plasma vitamin B6, plasma pyridoxal phosphate (PLP), urinary 4-pyridoxic acid (4-PA)
concentrations, erythrocyte alanine aminotransferase activity coefficient (a-EALT), aspartate
aminotransferase activity coefficient (a-EAST), which are biomarkers for vitamin B6 status.

e Vitamin B6 concentration in breast milk of lactating Malaysian women and their dietary
vitamin B6 intake and supplementation levels.

e Bioavailability and loss of vitamin B6 from cooking process.
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10 ¢ Folate (Vitamin B9)

Introduction

Folate, also known as vitamin B9, consists of a 2-amino-4-hydroxy-pteridine (pterin)
group conjugated by a methylene group to p-amino benzoic acid, which is linked to one or
more glutamic acid residues. The active form of folate is known as 5-methyltetrahydrofolate (5-
MTHF). Folic acid is a synthetic form of folate which is found in supplements and fortified food
products, such as flour and breakfast cereals.

Functions

Folate plays an important role in hematopoiesis and the production of red blood cells.
Folic acid functions as coenzymes in single-carbon transfer in the metabolism of nucleic and
amino acids. The DNA and methylation cycles both regenerate tetrahydrofolate (one form of
folate). However, there is a considerable amount of catabolism of folate and a small loss of
folate occurs via excretion from the urine, skin, and bile. Therefore, there is a need to replenish
the body’s folate content from the diet.

Metabolism

Folate is metabolised by intestinal cells to produce 5-MTHF. This 5-MTHF is the most
common form that is found in plasma and serum. Folic acid is biotransformed in the intestinal
absorptive mucosa and transferred to the hepatic portal vein as 5-MTHF in the same way as
dietary folates. Food folates are hydrolysed to monoglutamate forms in the gut to allow their
absorption across the intestine. The monoglutamates enter the portal circulation and are
metabolised to polyglutamate derivatives in the liver. They are either retained, or released to the
blood as reconverted monoglutamates or to bile. The liver contains about 50% of the body
stores of folate.

Intracellular pools of reduced tetrahydrofolates serve as cofactors in several metabolic
processes. Folate is present in serum either free or bound to other carrier proteins like the
folate-binding protein or other serum protein like albumin. Serum folates exist mostly in the
monoglutamate form, which is the form that can be readily transported across cell membranes.
Once outside cells, folate is converted to polyglutamate forms by addition of several glutamic
acid residues by folylpolyglutamate systhetase. This leads to retention of folate pools inside
the cells for subsequent metabolism. The bulk of excretion products are folate cleavage
products. Intact urinary folate accounts for only a small percentage of dietary folate. Biliary
excretion of folate can be as high as 100 pg/day, however much of this is reabsorbed.

Sources

Folate is available in a wide variety of foods but in relatively low concentrations. However,
it is particularly abundant in legumes, while green leafy vegetables are outstanding sources.
Diets that contain adequate amounts of fresh green vegetables (>3 servings per day) are good
folate sources. Fortified grain products also contribute to folate intake. Meat, poultry, seafood,
eggs, and dairy products have small amounts of folate. Liver is high in folate content but is
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also high in cholesterol; it is often recommended to reduce its intake. Folate losses occur during
harvesting, storage, distribution and cooking. Table 10.1 shows food sources of folate in
Malaysian foods (Chew et al., 2012).

The bioavailability of natural folate is affected by the removal of the polyglutamate chain
by the intestinal conjugase. This process is apparently not complete, thereby reducing the
bioavailability of natural folate by as much as 25-30 percent. In contrast, synthetic folic acid
appears to have a bioavailability of close to 100 percent. The low bioavailability and, more
importantly, the poor chemical stability of the natural folate have a profound influence on the
development of nutrient recommendations (Gregory Ill, 2001). Food fortification can provide
significant amounts of folic acid to the diet (Crider et al., 2011). In the United States adult
population from 1988 to 1994 (before cereal grains were fortified with folate), the reported
median intake of folate from food was approximately 250 (g/day, but this value underestimates
current intake. After the fortification of cereal grains with folate, the average intake of folate is
expected to increase by about 80 to 100 (g/day for women and by more for men (I0M, 1998).

Table 10.1 Folate content of foods

Source of folate umg/100 g

Cereal and cereal products

Cornflakes™ 156
Breakfast cereal* 155
Rice, brown (Beras perang) 45
Rice, parboiled 26
Rice, basmathi 25
Rice, broken (Beras hancur) 18
Bread, white (Roti putih) 18
Rice, uncooked 16
Fruits

Papaya 31
Sapodilla (Ciku) 30
Kiwi fruit 29
Orange 24
Soursop (Durian belanda) 19
Honeydew (Tembikai susu) 9
Mango 4
Legumes and legume products

Baked bean, canned 27
Soya bean milk, unsweetened 23
Soya bean curd, sheet/film (fucok) 13

Soya bean cake, fermented (tempeh) 10
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Source of folate ng/100 g
Soya bean curd, fried 10
Vegetables
Vietnamese mint (kesom) 10
Pumpkin 8
Sweet potato shoots (pucuk ubi keledek) 6
Tapioca shoots 6

Source: Chew et al. (2012);* indicates the food has been fortified with folate.

10.5 Deficiencies

Nutritional deficiency of folate is common among people consuming an inadequate diet
of legumes and folate-rich vegetables and fruits. This can be exacerbated by malabsorption
conditions, including celiac disease and tropical sprue. Pregnant women are at risk of folate
deficiency because pregnancy significantly increases folate requirement, especially during
periods of rapid foetal growth (second and third trimester). Folate deficiency during pregnancy
can results in neural tube defects (NTD). Losses of folate in milk during lactation also increase
the requirement for lactating mother.

Inadequate folate intake results in a decrease in serum folate concentration, then
adecrease in erythrocyte folate concentration. This is followed by a rise in homocysteine
concentration and megalablastic changes in the bone marrow and other tissues with rapidly
dividing cells. Macrocytic anaemia finally results. If there is inadequate dietary folate, the activity
of both the DNA and the methylation cycles will be reduced, thus, reducing cell division
(particularly the red blood cell) and resulting in anaemia. Other cells derived from bone marrow
also decrease, leading to leucopenia and thrombocytopenia. There is also a reduction in cell
division in the lining in the gut that may result in an increased susceptibility to infection, a
decrease in blood coagulation and secondary malabsorption. The decrease in the methylation
cycle will also result in an elevation in plasma homocysteine which has been associated with
the aetiology of cardiovascular disease. Vitamin B12 and vitamin B6 are also required for the
methylation cycle. Interruption of the methylation cycle resulting from impaired folate status or
decreased vitamin B12 or vitamin B6 may have serious long-term risk such as neuropathy.
Symptoms of folate deficiency include weakness, fatigue, difficulty in concentrating, irritability,
headache, palpitations, shortness of breath and atrophic glossitis.

There is increasing interest in homocysteine and folic acid. Plasma homocysteine
concentration, even if only moderately elevated, is an independent risk factor for cardiovascular
disease (CVD), stroke, poor cognitive function and osteoporosis. Even in populations that are
apparently normal and consuming diets adequate in folate, there is a range of elevated plasma
homocysteine that could be lowered by consuming an extra 100 or 200pg/day folic acid.
However, large scale intervention trials regarding the significance of interrelationships among
folate levels, plasma homocysteine levels with CVD and other diseases need to be carried out.
The DRI Committee (IOM, 1998) felt that knowledge currently available on this relationship is
too weak to be used as the basis for deriving estimated average requirement for folate.
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EFSA (2014) considered that red blood cell folate is the most reliable biomarker of folate
status. It reflects tissue folate status and can be used as indication for long-term dietary folate
intake. Folate adequacy is characterized by serum and red blood cell folate concentration of =
10 nmol/L and 340 nmol/L, respectively. Serum and red blood cell folate below 6.8 nmol/L and
317 nmol/L are catogerised as folate deficiency. Although total plasma homocysteine is a
sensitive biomarker, it is not a specific biomarker of folate status and function because of the
influence by various other dietary factors such as selected B-vitamins, choline, betaine and
alcohol consumption.

There is only a limited number of studies on folic acid intake or deficiency in the country.
In a study of nutritional anaemia among 309 pregnant women of lower socio-economic strata
in the Maternity Hospital Kuala Lumpur, serum folate was one of the numerous parameters
investigated. A high prevalence of 61% of low serum folate levels (<3 ng folate per ml serum)
was reported and the highest prevalence was amongst Indian women (77.3%) (Tee et al., 1984).

In a study conducted by Khor et al. (2006) involving 399 Malaysian women of
childbearing age (140 Malay, 131 Chinese and 128 Indian), the median intake of folate was
202.4 pg (59.4-491.8 pg), which only achieved 50.6% of the Malaysian Recommended Nutrient
Intakes level. In terms of folate deficiency, 15.1% of the Malaysian subjects showed plasma
folate deficiency (<6.8 nmol/L), with the highest prevalence among Indians (21.5%) (Khor et
al., 2006). According to Khor et al. (2006), Chinese had significantly higher red blood cell folate
levels than the Malays and Indians. Folate content is reduced in prolonged cooking, and the
Chinese style of cooking usually entails quick stir-frying of leafy green vegetables and legumes.
Malays and Indians, however, prefer their vegetables to be well-cooked.

In another study comparing red blood cell folate levels in three Asian cities, Green et al.
(2007) found out that red blood cell folate levels were the highest in women from Jakarta (872
nmol/L), followed by Kuala Lumpur (674 nmol/L) and the lowest in Beijing (563 nmol/L). The
predicted neural tube defects were the highest in Beijing (30/10000), followed by Kuala Lumpur
(24/10000) and the lowest in Jakarta (15/10000). The plausible explanation for higher folate
status in women in Jakarta is the implementation of mandatory folic acid fortification in 2001
of local and imported wheat (200 pg/100 g of wheat). Neither Malaysia nor China had a
mandatory folic acid fortification scheme (Green et al. 2007).

Factors affecting folate requirements

Factors to be considered when estimating the folate requirement include the
bioavailability of folic acid and food folate, nutrient-nutrient interactions, interactions with other
food components, smoking, folate-drug interactions and genetic variations. These have been
thoroughly reviewed in I0M (1998) and EFSA (2014).

Dietary Folate Equivalents

Folic acid recommendation is expressed as dietary folate equivalents (DFE), which are units
that account for the differences in the absorption of food folate and of synthetic folic acid
obtained from dietary supplements or food fortified with folic acid. When synthetic folic acid is
consumed as a supplement without food, it is nearly 100% bioavailable. In contrast, when folic




Recommended Nutrient Intakes
for Malaysia

Folate (Vitamin B9)

acid is consumed with food, as it is always the case with fortified cereal-grain products, its
absorption is reduced by a small percentage. Its estimated bioavailability is approximately 85%.
Naturally occurring food folate is less well absorbed by the body than is synthetic folic acid. The
best estimate of the bioavailability of food folate is provided by data from the study of Gibson
(2007). Thus, folic acid taken when a person is fasting is 2 times (100/50) more bioavailable
than food folate, and folic acid taken with food (which includes folic acid added to food during
fortification) is 1.7 times (85/50) more bioavailable than food folate. Thus, if a mixture of
synthetic folic acid plus food folate is consumed, dietary folate equivalents (DFE) to determine
the EAR can be calculated as follows:

ug of DFE provided = [ug of food folate + (1.7 x pg of synthetic folic acid)]

DFE may be expressed in different ways, depending on the type of conversion needed (Suitor
and Bailey 2000):

1 ug DFE =1.0 pg food folate = 0.6 (g folic acid added to foods = 0.5 yg folic acid taken without
food.

1 pg folic acid as a fortificant = 1.7 yg DFE
1 pg folic acid as a supplement, fasting = 2.0 pg DFE.

Thus, 100 pg folate from a serving of cooked spinach equals to 100 pug DFE, but 100 pg folic
acid from a serving of fortified ready-to-eat cereal equals 170 pg DFE, and 100 pg supplemental
folic acid taken without food equals to 200 pg DFE.

Interactions with nutrients

Coexisting iron or vitamin B12 deficiency may interfere with the diagnosis of folate
deficiency. Iron deficiency leads to a decrease in mean cell volume, whereas, folate deficiency
results in the opposite direction. Therefore, in combined deficiency, interpretation of
haematological changes may be unclear. A vitamin B12 deficiency results in the same
haematological changes that occur with folate deficiency because the vitamin B12 deficiency
results in a secondary folate deficiency (I0M, 1998).

Certain forms of fibre (e.g. wheat bran) may decrease the bioavailability of certain forms
of folate under some conditions but many forms of fibre appear to have no adverse effects.
Alcohol intake may result in folate deficiency by impairing intestinal folate absorption and
hepatobiliary metabolism and by increasing renal folate excretion (Gregory Ill, 2001).
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10.7 Setting requirements and recommended intake of folate

The Malaysian RNI 2005 had included folate in the list of recommended vitamins. In
establishing folate recommendation, the main references used by the Technical Sub-Committee
(TSC) on Vitamins were the WHO/FAO (2004) consultation report and the I0M (1998) DRI
recommendations. The rationale and steps taken in setting requirements and the levels
recommended by these organisations were considered. There were no local studies on folate
requirements of communities that the TSC on Vitamins could use as a reference. There are also
very few reports of the biochemical status of the vitamin amongst the population groups.

The WHO/FAO (2004) Expert Consultation took note of the work of the DRI Committee
of I0OM (1998) which had exhaustively reviewed the evidence of folate intake, status, and health
for all age groups and also reviewed the literature on the extra requirements during pregnancy
and lactation. This review led to calculations of an EAR and a subsequent estimation of RDA to
the EAR plus 2 standard deviations. The Expert Consultation agreed with the approach taken and
the RDAs published and adopted these recommended intakes as the WHO/FAQO RNI for folate.
The RNI used food folate as the source of dietary folate because most societies in developing
countries consume folate from naturally occurring sources.

The TSC on Vitamins decided to adopt the WHO/FAQ (2004) folate recommendations as
the RNI 2005 for Malaysia.

In the current review of the Malaysian RNI 2017, the TSC on Vitamins again referred to
the WHO/FAQ (2004) consultation report and the I0M (1998) recommendations and noted that
there were no updated recommended intakes for folate by these organisations. In searching
for recommendations by other international scientific organisations, the TSC referred to the
publication of EFSA (2014).

In setting up the dietary recommended values (DRV) for folate, EFSA (2014) had
considered serum and red blood cell folate concentrations as suitable primary criteria for
deriving the DRV for European in all age groups. An Adequate Intake (Al) for infants aged from
7 - 11 months and pregnant women, and both Average Requirement (AR) and Population
Reference Intake (PRI) for aged groups from 1 to = 15 years and lactation woman. AR was
estimated from the folate intake required to maintain folate adequacy. PRI was calculated by
assuming a coefficient of variation (CV) of 15% to account for the additional variability
associated with the higher requirement for folate in individual with the methylene-
tetrahydrofolate reductase (MTHFR) 677TT genotype.

The latest reference from EFSA (2014) is more related to European countries, and is not
appropriate to be directly adopted for the revised RNI. RNI 2017 for folate shall be retained as
RNI 2005. The reason is because based on the local study by Khor et al. (2006), the median
intake of folate among Malaysian women achieved only 50% of the Malaysian RNI 2005. In
addition, researchers have reported that excessive consumption of folate may increase the risk
of cancer and cardiovascular disease (Sauer et al., 2010). A study in China has shown that
supplementation of folic acid in the first trimester increased the risk of gestational diabetes
among pregnant women (BMI > 25 kg/m? before pregnant). The TSC had decided to maintain
the RNI 2017 to be the same as RNI 2005.
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The TSC on Vitamins decided to adapt the WHO/FAQ (2004) values as the revised RNI 2017 for
Malaysia. These recommendations which are therefore similar to the RNI 2005
recommendations, are given in bold in the following paragraphs according to age groups and
summarised in Appendix 10.1.

Infants

An adequate intake (Al) was used by the DRI Committee to estimate folate requirements
for infants. This is also the quantity of dietary folate that maintains blood folate concentration
comparable with those of the infant exclusively fed human milk. The Al for infants 0 through 6
months of age is derived by using 780 ml as the average volume of milk per day and 85 pg/l as
the average folate concentration. The requirement thus calculated is 65 ug per day, after
rounding up. Because this is food folate, the amount is the same in dietary folate equivalents
(DEF).

EFSA (2014) concluded that due to limitations of available data on folate intake and status
in infants, an Al was set based on the extrapolation from the intake of folate in fully breast-fed
infants (0 - 6 months) which folate deficiency has not been observed. The panel had decided
not to set an AR and a PRI for folate for this age group (7 - 11 months).

For older infants, the DRI Committee used the reference body weight ratio method to
extrapolate from the adequate intake for folate for infants ages 0 - 6 months. The adequate
intake for this group of infants was thus calculated to be 80 pg per day. The Committee also
reviewed data obtained from several controlled studies that measured folate intake and assessed
the infant’s status. These data were found to support the estimated Al of 65 g per day of folate
for young infants and of 80 g per day for older infants.

The FAO/WHO Consultation made slight adjustments to these recommendations and
established a RNI of 80 pg folate per day for both groups of infants.

RNI for infants

0 - 5 months 80 pg/day DFE
6 - 11 months 80 pg/day DFE

Children and adolescents

No data were found to assist in establishing estimated requirements for children. Hence
the EARs for these ages have been extrapolated from adult values. The same approach was
used to establish the EAR for adolescents. The RDAs were then calculated as 120% of the EAR,
assuming a coefficient of variation (CV) of 10% (IOM, 1998).

EFSA (2014) found no reliable data of folate for children and adolescents to set AR for
these age groups. AR for folate for adults (250 pg DFE/day) was used to set AR for children and
adolescents in all age groups because no indication the requirement differs by sex and age.
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Therefore, AR was calculated by extrapolation from the AR of adults. Allometric scaling was
used on the assumption that folate requirement is related to metabolically active body mass:

ARchild = ARadutts X (Weighteniia/ Weightasuis) %7 x (1 + Growth Factor)

The IOM 1998 recommended intakes were adopted by FAO/WHO as the recommended
RNI, after making some adjustments according to age groupings.

RNI for children

1 - 3 years 160 pg/day DFE
4 - 6 years 200 pg/day DFE
7 -9 years 300 pg/day DFE

RNI for adolescents

Boys 10 - 18 years 400 pg/day DFE
Girls 10 - 18 years 400 pg/day DFE
Adults and elderly

The main approach to determining the EAR for adults uses a combination of erythrocyte
folate, plasma homocystein and plasma or serum folate. The focus used was on the adequacy
of specific quantities of folate consumed under controlled metabolic conditions to maintain
normal blood concentrations of these indicators. Intakes either as food or as food plus folic acid
related to these indicators were computed to derive Dietary Folate Equivalents (DFEs). Four
studies were considered by the IOM DRI Committee and the reports of Sauberlich et al. (1987)
and O’Keefe et al. (1995) were given the most weight. The findings indicated an EAR of 320
ug/day of DFEs. This figure is well supported by data from epidemiological studies. Assuming
a CV of 10%, RDA for folate was computed as 120% of the estimated requirement or 400 pg/day
of DFE. In addition, IOM (1998) also made a special recommendation for women capable of
becoming pregnant to reduce risk to neural tube defect.

IOM (1998) reviewed data from metabolic folate status assessment and epidemiological
studies and concluded that EAR (and hence RDA) for adult ages 51 years and older was
expected to be the same for younger adults. It was felt that the aging process does not appear
to impair folate absorption or utilisation.
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RNI for adults

Men 19 - 65 years 400 pg/day of DFE
Women 19 - 65 years 400 pg/day of DFE

RNI for elderly

Men > 65 years 400 pg/day of DFE
Women > 65 years 400 pg/day of DFE

Pregnancy and lactation

Folate requirements increase during pregnancy due to the significant acceleration in
single-carbon transfer reactions, including those required for synthesis of nucleotide and thus
division of cells. The maintenance of erythrocyte folate, which reflects tissue stores, was
selected as the primary indicator of adequacy in pregnant women. EFSA (2014) noted that there
is no evidence available to assess folate requirements in pregnancy compared to non-pregnant
adults. For setting up an average requirement for pregnancy is not possible. Therefore, an
adequate intake for folate for pregnant women at 600 pyg DFE/day is set (EFSA, 2014). I0M
(1998) reviewed various available studies including population-based studies relating folic acid
consumption and maintenance of normal folate concentration in erythrocytes, serum, or both;
controlled supplementation studies; and controlled metabolic studies.

It was observed that low dietary folate intake plus 100 pg of supplemental folate
(equivalent to approximately 200 pg/day of DFES) was inadequate to maintain normal folate
status in pregnancy. Therefore, the EAR was derived by adding 200 pg/day of DFE to the EAR
for non-pregnant women (320 pg/day) to provide an EAR of 520 pg/day. RDA was next
computed as 120% of the EAR or 600 pg/day of DFE.

A lactating woman would require an additional intake of folate to compensate folate
losses during exclusively breast-feeding. In setting up an average requirement for folate for
lactation women, EFSA (2014) has considered the volume and folate content of milk transfer
over the first 6 months post partum, and the bioavailability of dietary folate. Therefore, an
additional intake of 130 pg DFE/day of folate to the average requirement of non-lactation woman
(250 DFE/day) is required. However, in Malaysia there is no available data of folate requirements
in lactating woman.

The 10M (1998) has estimated that the EAR for lactating women (450 pg/day) is the
folate intake necessary to replace the folate secreted daily in human milk (133 pg/day) plus the
amount required by the non-lactating women to maintain folate status (320 pg/day). Women
who are only partially breastfeeding would need less. RDA was then computed as 120% of the
EAR or 500 pg/day of DFE. These RDAs were adopted by the FAO/WHO Consultation as RNI for
these two groups of women.
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RNI for:

Pregnancy 600 pg/day of DFE
Lactation 500 pg/day of DFE

Discussions on revised RNI for Malaysia

The RNI 2017 values for folate for Malaysia, adapted from WHO/FAQ (2004), are also the
same as those adopted by the Working Group for the Harmonisation of RDAs in SEA (Tee &
Florentino, 2005). Appendix 9.1 provides a summary of these revised RNI, compared with the
previous Malaysian RDA of 2005, the WHO/FAO (2004) recommendations, the values
recommended by IOM (1998) as well as the EFSA (2014) recommendations.

Tolerable upper intake level

Excessive intake of folic acid has been associated with increased cancer risk such as
colorectal cancer (Cole et al. 2007; Hirsch et al. 2009) and prostate cancer (Figueiredo et al.,
2009). In addition, treatment with folic acid was found to increase the cancer outcomes and all-
cause mortality in patients with ischemic heart disease (Ebbing et al., 2009). The presence of
unmetabolised folic acid in the blood has also been reported to be associated with decreased
natural killer cytotoxicity (Troen et al., 2006).

According to the I0M (1998), there is no evidence that consumption of sufficient natural
dietary folate may pose a risk of toxicity. However, this clearly does not apply to folic acid given
in supplements or fortified foods. Individuals who are at risk of vitamin B12 deficiency (e.g.,
those who eat no animal foods (vegans) may be at risk of the precipitation of neurological
disorders if they consume excess folate. The tolerable upper levels (UL) for various age groups
as suggested by I0M (1998) are given in Table 10.2.
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Table 10.2 Tolerable Upper Level for Folic Acid according to age groups

Age groups pg/day of folate from fortified foods or supplements

Infants Not possible to establish for supplemental folate
Children

1-3years 300

4 - 8 years 400

9 - 13 years 600
Adolescents 14 — 18 years 800
Adult women 1000
Adult men 1000

Pregnant women

14 - 18 years 800

> 19 years 1000

Lactation women

14 - 18 years 800

> 19 years 1000

(Source: 10M, 1998)
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Research recommendations

The following priority areas of research are recommended:

Data on content and bioavailability of natural folate in foods and diets.

Determination of folate status and identification of population at high risk of poor folate
status.

Relationship between folate deficiency and health outcomes such as the incidence of
neural tube defects, cardiovascular disease, stroke and cognitive function in high risk
groups including children, adolescents, women of reproductive age and elderly people

Effect of long term high folic acid intake on immune function and health\adverse health
effect.

Effect of long term fortified folate food intake on inflammation and cancer.
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11 ¢ Cobalamin (Vitamin B12)

Introduction

Cobalamin, also known as Vitamin B12, is a water-soluble vitamin that exists in several
forms and contains the mineral cobalt. Cobalamin refers to a group of cobalt-containing
compounds (corrinoids) that contains the sugar ribose, phosphate, and a base (5, 6-dimethyl
benzimidazole) attached to the corrin ring. Cyanocobalamin is a common synthetic form of the
cobalamin that is produced by chemically modifying bacterial hydroxocobalamin and used for
addition to food and food supplements and drugs. In the body, cyanocobalamin is converted
into the human physiological forms methylcobalamin and 5’-deoxyadenosylcobalamin, the
forms of cobalamin that are active in human metabolism.

Functions

Cobalamin is required for proper red blood cell formation, neurological function, and
DNA synthesis (I0M, 1998). Cobalamin plays essential roles in folate metabolism and acts as
a cofactor for two enzymes, namely L-methylmalonyl-CoA mutase and methionine synthase.

L-methylmalonyl-CoA mutase requires 5’-deoxyadenosylcobalamin as a cofactor to
catalyse the conversion of L-methylmalonyl-CoA to succinyl-CoA which then enters the citric
acid cycle. Succinyl-CoA plays a major role in the production of energy from lipids and proteins
and is also required for the synthesis of haemoglobin, the oxygen-carrying pigment in red blood
cells (Shane, 2000).

Methylcobalamin is required for the function of the folate-dependent enzyme, methionine
synthase. Methionine synthase is required for the synthesis of the methionine and
tetrahydrofolate from homocysteine (I0M, 1998). Methionine, in turn, is required for the
synthesis of S-adenosylmethionine (SAM), a methyl donor for almost 100 different substrates,
including DNA, RNA, hormones, proteins, and lipids as well as detoxification reactions (Shane,
2000). Without adequate supplies of cobalamin and folate, the synthesis of methionine and its
derivative SAM is disrupted, with profound effects on normal cellular function. Without
methionine, myelin and neurotransmitters (serotonin, dopamine, acetylcholine and nor-
epinephrine) cannot be produced that are needed for neurological development, maintenance
and functions. Furthermore, inadequate function of methionine synthase can lead to an
accumulation of homocysteine, an amino acid that is related to many neurodegenerative
diseases that lead to brain damage and cognitive disturbances. Thus, the synthesis of
methionine prevents the accumulation of homocysteine in the brain (de Jager, 2014).
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Metabolism

Normally, cobalamin is attached to a protein either for transport or storage. In the
stomach, hydrochloric acid and pepsin are secreted to degrade the cobalamin from protein
(I0M, 1998). The released cobalamin then binds to another protein, R protein secreted by the
salivary glands and the gastric mucosa and transports it through the stomach and into the small
intestine. The stomach cells also produce a protein called intrinsic factor (IF), a glycoprotein
secreted by the stomach’s parietal cells which travel to the small intestine.

In the small intestine, the vitamin 12, bound to IF interacts with the protein receptor
known as cubilin-IF receptor when it is transported from the duodenum to the ileum. Another
protein, amnionless, facilitates the attachment of cubilin to the ileal cell membrane. The binding
of the vitamin B12-IF complex to the cubilin receptor is important in order for the vitamin to be
absorbed. Cobalamin is then released and degraded in lysosomes. Cobalamin is finally
metabolised to its methyl and deoxyadenosyl- derivatives.

In plasma, cobalamin is bound to the cobalamin-binding proteins transcobalamin (TC)
and haptocorrin. TC combines with cobalamin at the ileal cell to form holotranscobalamin
(holoTC) and rapidly delivers cobalamin to tissues. The liver takes up approximately 50 percent
of the cobalamin, and the remainder is transported to other tissues. The highest cobalamin
losses occur through the faeces. Sources of faecal cobalamin include unabsorbed cobalamin
from food or bile, desquamated cells, gastric and intestinal secretions and cobalamin
synthesized by bacteria in the colon. There are no known interactions of cobalamin with other
nutrients with regards to absorption or excretion.

Sources

Cobalamin is found only in animal foods. Unlike other B vitamins, cobalamin is not a
normal constituent of plant foods except for certain algae. Cobalamin is not supplied by
commonly eaten plant foods unless they have been exposed to bacterial action that has
produced cobalamin; contaminated with soil, insects, or other substances that contain
cobalamin; yogurt, tempeh, miso, kimchi, and pickles are all examples of foods sometimes
made with the lactic acid bacteria that can produce vitamin B12. Examples of cobalamin content
of some foods are shown in Table 11.1.
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Table 11.1 Cobalamin (Vitamin B12) content of foods

Food ng/100g
Rice, noodle, bread, cereals and cereals products and tubers
Fortified cereals 20.0
Fish, poultry and meat
Clams, cooked 98.9
Liver (lamb), cooked 85.7
Liver (beef) cooked 83.1
Liver (veal), cooked 72.5
QOysters, cooked 28.8
Mussels, cooked 24.0
Liver (chicken, pork), cooked 211
Mackerel, cooked 19.0
Tuna, bluefin, raw or cooked 10.9
Salmon, cooked 3.2
Beef 2.6
Shrimp, cooked 1.7
Pork 1.2
Egg 0.9
Duck or chicken, cooked 0.3
Milk and milk products
Tofu 2.4
Parmesan 2.3
Mozzarella 0.9
Cheddar 0.8
Yougurt Plain (regular, low fat) 0.8
Milk, Semi-skim/skim 0.5
Milk, Whole 0.4
Others
Seaweed 2.3
Tempeh 0.1

Source: USDA nutrient database (2012)
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11.5 Deficiencies

Megaloblastic anaemia is the most frequent clinical expression of cobalamin deficiency,
which affects red blood cells and all other blood cells. Most of the cobalamin deficiency occurs
due to cobalamin malabsorption, rather than inadequate dietary intake. The deficiency results
in 1) an autoimmune condition called pernicious anemia and 2) food-bound cobalamin
malabsorption syndrome. Impairment of cobalamin absorption can cause megaloblastic
anaemia and neurologic disorders in deficient individuals. Both conditions have been associated
with a chronic inflammatory disease of the stomach known as atrophic gastritis. Atrophic
gastritis is associated with the presence of autoantibodies directed towards stomach cells and
infection by the bacteria, Helicobacter pylori (H. pylori) that damage stomach cells that make
intrinsic factor, a substance the body needs to absorb B12 (Lahner, Persechino and Annibale,
2012). Insufficient dietary intake is rare in adults living in developed countries but is more often
reported in vegans.

The clinical signs of deficiency include fatigue, weakness, constipation, loss of appetite,
and weight loss (Kapadia, 1995). Apart from that, neurological changes can also occur in the
individual with cobalamin deficiency such as numbness and tingling in the hands and feet,
difficulty walking, memory loss, disorientation, and dementia (IOM, 1998). In an infant, failure
to thrive, movement disorders, developmental delays, and megaloblastic anemia are signs of a
cobalamin deficiency (Monsen and Ueland, 2003).

Cobalamin status is assessed via serum or plasma cobalamin levels. The plasma
cobalamin levels of adults with cobalamin deficiency are approximately (120-180 picomol/L)
(I0M, 1998). Another reliable indicator of cobalamin status is elevated methylmalonic acid
(MMA) levels (values >0.4 micromol/L) in blood and urine, resulting from impaired metabolic
cobalamin activity with no specific clinical symptoms (Andrés et al., 2007). This indicator can
detect a metabolic change that is highly specific to cobalamin deficiency.

In 1950s, cobalamin was found to be a major contributing factor to anaemia in pregnancy
amongst Malaysians (Tasker, Richardson and Llewellyn, 1956; Tasker, 1958). The Institute for
Medical Research (IMR) embarked on a series of two periods of five-year interval (1987/88 and
1992/93) intensive studies into the cause of the cobalamin deficiency anaemia from hospitals
all over Malaysia (Roshidah and Khalid, 1994). The IMR researchers reported that there was
increase in cobalamin deficiency anaemia over the five-year interval from 2.6% to 8.2% with
most Indians having a prevalence of about 49%, indicating the need to improve cobalamin
intake in this group. The problem seems to have been observed in individuals consuming
vegetarian diets too since cobalamin is found only in animal products (Roshidah and Khalid,
1994). In a more recent study, Khor et al. (2011) reported adequate concentrations of serum
cobalamin among 7-12 primary school children in Kuala Lumpur.
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Factors affecting requirements

Strict vegetarians and vegans are at greater risk of developing cobalamin deficiency than
lacto-ovo vegetarians since natural food sources of cobalamin are limited to animal foods (I0M,
1998).

In the general elderly population, plasma cobalamin tends to decrease and concentration
of serum methylmalonic acid (MMA) tends to increase resulting in a decline in cobalamin status.
Factors that may contribute to these changes include a decrease in gastric acidity and the
presence of atrophic gastritis and bacterial overgrowth accompanied by food-bound cobalamin
malabsorption. Older adults with atrophic gastritis are unable to absorb the vitamin B12 due to
progressive reduction of the inability of the parietal cells to secrete hydrochloric acid. It has also
been suggested that the decreased hydrochloric acid levels might also increase the growth of
normal intestinal bacteria in the stomach and intestine that use vitamin B12, further reducing
the amount of vitamin B12 available to the body. Despite the absence of this acid in preventing
the release of protein-bound vitamin B12, it would not interfere with the absorption of free
vitamin B12 found in fortified foods or supplements. As a result, the IOM recommends that
adults older than 50 years obtain most of their cobalamin from vitamin supplements or fortified
foods (e.qg., fortified cereals) to prevent cobalamin deficiency (IOM, 1998). However, some
elderly patients with atrophic gastritis require doses much higher than the RDA to avoid
subclinical deficiency.

Setting requirements and recommended intake

There were no recommendations for vitamin K in the previous version of Malaysian RNI
(2005). The main references used by the Technical Sub-Committee (TSC) on Vitamins,
cobalamin were the reports from the I0M (1998), WHO/FAO (2004) and the EFSA (2015). The
rationale and approaches taken by these consultations were considered. There are no known
local studies on cobalamin requirements of communities that the Technical Sub-Committee
(TSC) on Vitamins could use as a reference when considering RNI for the vitamin. Previous
studies of the biochemical status of cobalamin among Malaysians were published over 6
decades ago and recent studies are rare.

The Food and Nutrition Board of the National Academy of Sciences (NAS) Institute of
Medicine derived the recommended dietary allowances based on their review on the evidence
of intake, status and health for all age groups and during pregnancy and lactation using serum
or plasma vitamin B12 and MMA as bhiomarkers of cobalamin status. From this review, the
consultation group derives the calculations of an Estimated Average Requirement (EAR).
Recommended dietary allowances were estimated to be the EARs plus 2 standard deviations
(SDs). WHO/FAOQ (2004) consultation agreed to adopt the approach of the IOM (1998) for
deriving its recommended nutrient intake of cobalamin.

In the European Food Safety Authority (EFSA) 2015 consultation report, the Panel agreed
that the most suitable way to derive Dietary Reference Values (DRV) for cobalamin is a
combination of biomarkers of cobalamin status i.e. serum cobalamin, holoTC, MMA and plasma
total homocysteine (tHcy) (EFSA, 2015). Based on the literature, the Panel considered that
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serum concentrations of holoTC and cobalamin within the reference ranges for healthy adults,
together with MMA and plasma tHcy concentrations below cut-off values for cobalamin
insufficiency and hyperhomocysteineaemia are indicative of an adequate cobalamin status. In
fact, in the IOM (1998) report, the use of holoTC and MMA as biomarkers was highlighted as
the high-priority recommendations for future studies. This recommendation was adopted by
EFSA (2015).

The TSC is in general agreement with the comprehensive approach of the EFSA (2015)
report and decided to adopt the values proposed by this organisation. The proposed values for
the RNI (2017) for Malaysia are given in bold in the following paragraphs according to age
groups and summarised in Appendix 11.1

Infants

In determining cobalamin requirement, EFSA (2015) recommendation was based on the
estimation of adequate intake (Al) since there is limited number of studies using an accurate
method to estimate the breast milk concentration of cobalamin (EFSA, 2015). Due to
uncertainties in estimating breastmilk cobalamin concentration used for upward extrapolation
from the cobalamin intake in exclusively breast-fed infants aged 0-6 months, and considering
the use of scaling down approach from adults as a basis, an intake consistent with biomarker
data, an Al for cobalamin for infants aged 7-11 months at 1.5pg/day was set. The
recommendation in term of adequate intake (Al) for infant aged 0-6 months was made using
the proportion based on recommended value of 0-6 months in I0M and WHO/FAO, that is 20%
lower than 7-12 months recommendation, thus an Al for cobalamin for infants aged 0-6 months
was set at 1.2 pg/day.

RNI for infants

0 - 5 months 1.2 pg/day
6 - 11 months 1.5 pg/day
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Children and Adolescents

The same recommendation in term of adequate intake (Al) was made for the intake of cobalamin
in children and adolescents by the EFSA (2015) since there are insufficient data to derive an
Average Requirement (AR) (EFSA, 2015). Als were derived from the unrounded Als for adults
after adjustment on the basis of differences in reference body weight, and then rounded to the
closest 0.5.

RNI for children

1 - 3 years 1.5 pg/day
4 - 6 years 1.5 pg/day
7- 9 years 2.5 pg/day

RNI for adolescents

10 - 12 years 3.5 pg/day
13 - 18 years 4.0 pg/day
Adults and elderly

The same recommendations were made for the intakes of adults by the EFSA (2015). The
EFSA Panel decided to use a combination of cobalamin biomarkers of status to derive DRVs for
cobalamin for adults. However, there are uncertainties with respect to cut-off values for
cobalamin insufficiency of these indicators and limited data available to determine an AR.

In the absence of the required information, the cobalamin recommendation was made
for the adults by the EFSA Panel based on consistent evidence from observational and
intervention studies. The studies showed that intake of cobalamin at 4pg/day and greater is
associated with serum concentrations of holoTC and cobalamin within the reference ranges
derived from healthy subjects, together with MMA and tHcy concentrations below the cut-off
values for adults that indicates an adequate cobalamin status. Therefore, the EFSA (2015) Panel
sets an Al for cobalamin at 4pg/day for adults based on data on different biomarkers of
cobalamin status and in consideration of observed intakes. The recommended intake for older
adults is the same as those for adults.

RNI for adults

19 - 65 years 4.0 pg/day

RNI for elderly

> 65 years 4.0 pg/day
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Pregnancy and Lactation

The EFSA Panel suggested that 0.2 pg/day of cobalamin is transferred to the foetus and
absorption of 40%. An additional requirement of 0.5ug/day of cobalamin to the Al for non-
pregnant women was felt to be adequate. This addition results in an Al of 4.5pg/day for pregnant
women.

An Al for lactating women is based on the cobalamin intake that is required to
compensate for the amount of cobalamin secreted in breast milk. It is estimated that a mean
milk transfer of 0.8L/day in exclusively breastfeeding women during the first six months of
lactation would secrete breast milk with 0.4ug cobalamin/ day. Taking into account 40%
absorption, an extra amount of 1.0pg/day cobalamin is required to balance the secretion in
milk. Therefore, an Al of 5p/day is recommended for lactating women.

RNI for
Pregnancy 4.5 pg/day
Lactation 5.0 pg/day

Discussion on revised BRNI for Malaysia

There were no recommendations for cobalamin in the previous version of the Malaysian
RNI. The proposed recommended intakes for the revised RNI for Malaysia 2017 are adopted
from the latest report by EFSA (2015). These proposed recommended intakes are higher than
the recommendations by I0M (1998) and WHO/FAQ (2004) across all age groups by
approximately 50%. As previously mentioned in Section 15.7, the use of additional biomarkers
by EFSA 2015 to derive the values is highlighted and this probably contributes to the differences
in values of recommendations by IOM (1998) and WHO/FAQ (2004) (refer Appendix 11.1).

11.8 Toxicity and tolerable intake levels

No toxic or adverse effects have been associated with large intakes of cobalamin from
food or supplements in healthy people. Doses as high as 2mg/day by mouth or 1 mg monthly
by intramuscular (IM) injection have been used to treat pernicious anaemia without significant
side effects. When high doses of cobalamin are given orally, only a small percentage can be
absorbed, which may explain the low toxicity (Carmel, 2008). Because of the low toxicity of
cobalamin, no tolerable upper intake level (UL) has been set by the US Food and Nutrition Board.
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11.9 Research recommendations
The following priority areas of research are recommended:
J Determination of cobalamin status and extent of deficiency especially among vegan.
J Identification of more sensitive and specific biochemical measures of cobalamin status.

J The contribution of fermented vegetable foods to cobalamin status of vegan
communities.
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12 ¢ Ascorbic Acid (Vitamin C)

Introduction

Vitamin C, also known as L-ascorbic acid, is an essential water soluble vitamin required
for various biological and physiological processes of the body. It has been controversially used
to prevent or delay the occurrence of chronic diseases and to treat certain ilinesses. L-Ascorbic
acid, also known as L-xyloascorbic acid, 3-oxo-L-gulofuranolactone (enol form), L-3-
ketothreohexuronic acid lactone and antisorbutic vitamin, has the chemical formula C6H806 and
a molecular weight of 176.12. The natural form of the vitamin is the L-isomer. Most plants and
animals synthesise ascorbic acid for their own requirement. However, human and several other
animal species including primates and guinea pig are unable to synthesise it due to a deficiency
of L-gulonolactone oxidase, a terminal enzyme in the biosynthetic pathway of ascorbic acid,
because of mutation in the gene encoding for the enzyme. Therefore, vitamin C must be solely
obtained from the diet, mainly through fruits and vegetables to maintain a normal metabolic
functioning of the body (Daud, Ismail, Sarmadi, 2016).

Functions

Vitamin C is a water-soluble vitamin important for collagen formation, a protein that
gives structure to bones, cartilage, muscle and blood vessels. It also helps maintain capillaries,
bones, and teeth and aids in the absorption of iron. Ascorbic acid, a reducing agent, is necessary
to maintain the enzyme prolyl hydroxylase in an active form, most likely by keeping its iron
atom in a reduced state. The precursor molecule to the protein collagen, procollagen, contains
an unusual amino acid sequence in that every third amino acid is a glycine and contains a high
frequency of two amino acids not found in any other proteins - hydroxyproline and
hydroxylysine. These latter two amino acids are converted from proline and lysine, respectively,
after the procollagen molecule has been synthesised. The hydroxylation of proline and lysine
in procollagen is carried out by the enzyme prolyl hydroxylase using ascorbic acid as a cofactor.
Ascorbic acid plays an important role as a component of enzymes involved in the synthesis of
collagen and carnitine; however, its most vital role is as a water-soluble vitamin in the human
body (Sies & Stahl, 1995; Levine et al., 1995).

Ascorbic acid is a powerful antioxidant because it can donate a hydrogen atom and form
a relatively stable ascorbyl free radical. As a scavenger of reactive oxygen and nitrogen oxide
species, ascorbic acid has been shown to be effective against the superoxide radical ion,
hydrogen peroxide, the hydroxyl radical and singlet oxygen (Weber, Bendich & Schalch, 1996).
Ascorbic acid protects folic acid reductase, which converts folic acid to folinic acid, and may
help release free folic acid from its conjugates in food. Ascorbic acid facilitates the absorption
of iron.

Vitamin C has been controversially used to prevent or delay the occurrence of chronic
diseases and to treat certain illnesses. Current evidences on the therapeutic role of vitamin C
in several chronic illnesses including cardiovascular disease (CVD), cancer, and respiratory
illnesses are not consistent (Fortmann et al. 2013).
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12.3. Metabolism

Ascorbic acid is present in all parts of the body at varying concentration in the plasma,
bone cells, and cellular immune system. Body stores of vitamin C can be affected by dietary
intake, excretion rate in renal tubule, faecal losses, and metabolic losses. Upon ingestion,
vitamin C is absorbed through passive diffusion mediated or facilitated by facilitative glucose
transporters (GLUT) and a saturable-substrate transport mechanism via ascorbate-specific
transporter (sodium vitamin C transporter (SVCT)). Oral vitamin C is absorbed for approximately
70-90% at moderate intake (30-180 mg day), but absorption rate falls below 50% at intake
above 1000 mg day. Evidence from pharmacokinetics studies indicated that consumption of at
least 200 mg day of vitamin C in healthy young adults leads to plasma concentration of more
than 50 mM, which is a nearly complete oral bioavailability, indicated by leukocyte saturation
and minimum urinary excretion. This suggests that ingestion of vitamin C orally produces
plasma concentrations that are tightly controlled. Absorbed vitamin C is transported in the
plasma as free anion ascorbate and is distributed to all tissues. At cell levels, particularly in the
osteoblast, muscle, and retinal cells, an oxidized form of vitamin C known as dehydroascorbic
acid (DHA) is taken up by GLUT and then reduced internally to ascorbic acid. Whilst, active
transportation of ascorbate via SVCT is subjected to substrate feedback inhibition indicating a
regulatory role in maintaining ascorbate concentration in the cells.

In terms of body store, a total body content of vitamin C in healthy adults ranges from
300 mg to 2 g with higher concentrations maintained in the leukocytes, eyes, adrenal glands,
pituitary gland, and brain. Excessive vitamin C intake that is not metabolised is excreted mainly
in the urine, and to