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Executive summary 



This report presents the available evidence on the magnitude of micronutrient deficiencies in countries in the Western Pacific Region (WPR), identifies nutrient inadequacies per capita per day based on 1999 Food Balance Sheet data and the steps required to alleviate these inadequacies through micronutrient fortification of food. Suitable food vehicles for fortification within each country are also discussed. Finally data on the recently formulated upper tolerable limits by the Institute of Medicine are reviewed.



The specific objectives of this report are outlined below:



The prevalence of IDA, IDD, and vitamin A deficiencies for countries of the WPR were compiled from available data based on appropriate biochemical and clinical indicators. The data were derived from information provided by the WHO WPRO office through representatives within each country. A literature survey was also conducted to identify additional published studies which provided further evidence of micronutrient deficiencies/inadequacies  in countries within the region. The prevalence of anaemia (based on hemoglobin concentrations) is still high in several countries in the WPR, especially among women of child-bearing age and children less than five years of age. As well, 27% of the population in the WPR are said to be at risk of iodine deficiency while vitamin A deficiency remains a public health problem among women and children in at least nine countries in the region. In addition, smaller studies from the literature have reported deficiencies of zinc in China, Papua New Guinea, Viet Nam, and the Philippines among infants, children, and pregnant women, riboflavin and thiamin in the Philippines, and rickets in China and Mongolia. Very few published reports of vitamin B-12, folate, or copper status among population groups in the countries of the WPR were found. 



Potential micronutrient inadequacies in the available food supply per capita of the countries of the WPR (with the exception of iodine, vitamin D and vitamin C) were estimated. Vitamin D and iodine were not included because of the absence of suitable food composition data for these two micronutrients. Micronutrient inadequacies were identified by using the latest (1999) available FAO Food Balance Sheet data for each country in the WPR as a basis for calculating the daily energy and nutrient supply per capita. Vitamin C was omitted because of the additional limitations of using Food Balance Food Sheet data for this heat labile and water soluble nutrient. Food Balance Sheet data were used because of the lack of available national data on food consumption for most of the countries of the WPR. Food composition data from the WorldFood Dietary Assessment Program were used for the micronutrient calculations. Next, a nutrient density profile for each country was calculated (i.e. nutrients per 1000 kcal per capita) and compared with a reference nutrient density profile. The latter was developed by Beaton (1995) and calculated to represent the highest group mean nutrient density necessary to ensure that all individuals > two years of age, irrespective of life-stage group, will be protected with a 95% coverage. Exceptions were the iron and folic acid needs for pregnant women, which must still be met by  supplementation during pregnancy. Finally, a profile of likely nutrient inadequacies per capita in the available food supply within each country of the WPR was identified, by comparing the nutrient density values per capita per day with the corresponding reference nutrient density profile. 



Of the WPR countries examined, Cambodia had potential shortfalls for seven nutrients in their daily available food supply per capita, when expressed as micronutrient densities per capita, followed by Laos and Viet Nam with six, Philippines and Kiribati with five, Korea DRP, Fiji, Malaysia, and Mongolia with four, Papua New Guinea, Vanuatu, China, the Solomon Islands and Brunei Daram with three, and New Zealand, New Caledonia, and Korea Pepublic with two. The most frequent nutrient inadequacies were for iron and calcium, reported in all the countries examined, followed by zinc (n=12 countries), riboflavin (n=7), copper (n=6), folic acid (n=4), thiamin (n=2), and vitamin B-12 (n=1). Some of these nutrient inadequacies have been confirmed by reports of deficiencies based on biochemical and/or clinical indicators in some of the countries. Exceptions are copper, folic acid, and  vitamin B-12 for which no data were located. 



Note that the data on vitamin A supply per capita generated in this report were based on retinol equivalents calculated assuming the conversion factors given in FAO/WHO (1988) and not on retinol activity equivalents (RAE) using the new bioconversion factors for dietary provitamin A carotenoids. Comparison with the reference vitamin A density per capita (also based on retinol equivalents), reveals seven countries had potential shortfalls in vitamin A. These were: Solomon Islands, Kiribati, Laos, Viet Nam, Korea D.P.R. Vanuatu, and Cambodia. However, because provitamin A carotenoids are the major source of vitamin A in the food supply of most of the countries of the WPR, (with the exception of New Zealand, Mongolia and New Caledonia), their vitamin A activity is in fact about half of that obtained using the earlier conversion factors. Consequently, even more countries than the seven depicted here probably have a shortfall in the vitamin A supply per capita.



The potential for using wheat flour or rice as food vehicles for fortification in the countries of the WPR were identified from the food commodity supply data in the food balance sheets. Wheat flour was identified as a potential food vehicle probably providing adequate coverage in Fiji, China, and Mongolia. By contrast, the daily per capita amount of wheat available for consumption in Cambodia, Laos, Papua New Guinea, Philippines, Solomon Islands, Vanuatu and Viet Nam is probably too low for a national wheat micronutrient fortification programme to have sufficient coverage to prevent micronutrient deficiencies in these countries.



Rice provides approximately 50% or more of the total energy supply for four countries in the WPR: Cambodia, China, Laos, and Viet Nam, with daily per capita supply being greater than 450 g/day, with the exception of China (250 g/d). However, fortification of rice is still technically difficult and expensive, and hence is not yet feasible for national fortification programmes. Instead, fortification of condiments is recommended for these countries: fish or soy sauce for China, and fish sauce for Viet Nam and Cambodia. Vegetable oils are probably an excellent vehicle for vitamin A (and D) in these countries, and indeed have been recommended for use in Cambodia.



Continued efforts should be made to fortify the major food vehicle selected for each country within the WPR with multiple micronutrients. The micronutrient combination selected should take into account the shortfalls specific for each country in the region, and should not be restricted to only vitamin A, iron, and iodine. When folic acid is to be added in the fortificant premix, consideration should be given to adding vitamin B-12 as well.



Some potential plant-based food vehicles contain high amounts of inhibitors of iron and zinc absorption. Hence, the bioavailability of the fortificants selected should be quantified in the candidate food vehicle using radioisotope or stable isotope studies before the final selection of the fortificant and food vehicle is made. Efficacy trials should then be conducted to confirm that the food vehicle and form and level of the fortificant do indeed enhance the micronutrient status of a high risk group, before any programmes are initiated. Once the fortification programme is in place, its effectiveness should be monitored and evaluated using both biochemical and functional indices of micronutrient status. 



Research on multi-micronutrient fortification of rice should be made a priority as it supplies at least 33% of the energy per capita for eight countries of the WPR (Brunei Daram, Cambodia, China, Korea Republic, Laos, Malaysia, Philippines, and Viet Nam) and is the food vehicle likely to have the widest coverage in most of these countries. It is recommended that when rice fortification programmes are implemented, they are operated through government agencies responsible for controlling rice supplies. 



Quality assurance programmes must be developed in each country of the WPR to ensure the quality of the fortified food products from production to consumption. Currently such programmes do  not exist or in some cases, the regulations are not enforced. 
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1.0 Introduction



Micronutrient deficiencies are a widespread public health concern. Deficiencies of iron, iodine, and vitamin A are estimated to affect the health, mental and physical function and survival of more than 2 billion people world wide. Population groups most affected are infants and young children receiving predominantly plant-based complementary foods and diets and pregnant women. In the Western Pacific Region 40–50% of pregnant women and preschool children are estimated to be affected by anaemia; 27% of the population are estimated to be at risk of iodine deficiency, and in at least nine countries in the region, vitamin  A deficiency is considered to be a public health problem for children and women  (Cavalli-Sforza and Bosch, 2000). 



1.1 Prevalence of micronutrient deficiencies in Western Pacific Region



Tables A1–A3 presents a summary of the available data on the prevalence of iodine and vitamin A deficiency indicators and anaemia in the countries in the Western Pacific Region (WPR).   However, there is increasing recognition that in countries where diets are predominantly plant-based, dietary inadequacies of several other nutrients also occur. These nutrients include calcium, zinc, riboflavin, vitamin B-12, and possibly folate and vitamin D. In the Philippines, for example, dietary inadequacies of calcium, zinc, riboflavin and vitamin B-12 have been documented in certain population groups (Villaneurva et al., 1981; Natera et al., 1985; Food and Nutrition Institute, 1995; de Jong et al., 2002; Perlas 2002; Romano, 2002). 



The impact of such multiple nutrient deficiencies on adverse health outcomes is gaining increasing recognition.  Mason et al. (1999) estimated that nearly 20% of preschool children in East Asia and the Pacific may have at least two micronutrient deficiencies compared to nearly 60% in South Asia and 10% in Latin America and the Caribbean. Nevertheless, biochemical data on the prevalence of micronutrient deficiencies in the countries in the WPR, with the exception of vitamin A, iodine, and anemia, are very sparse. Riboflavin deficiency has been reported in young children, pregnant and lactating women in the Philippines (Food and Nutrition Research Institute, 1995), as well as among rice-eating populations of Thailand, Bangladesh, and India (Julinao, 1993). It often coexists with thiamin deficiency, as noted in the Fourth National Nutrition Survey in the Philippines (Food and Nutrition Research Institute, 1995). 



In China and more recently in Mongolia, rickets has been reported, although its precise etiology is still uncertain and requires further study. The prevalence may be as high as 44% in the northern parts of China. Rickets may be related to dietary inadequacies of calcium and possibly phosphorus, in some cases exacerbated by factors inhibiting the absorption of these minerals, as well as limited exposure to sunlight (Mason et al., 1999; Abrams, 2002). Certainly, in Nigeria (Oginni et al., 1996; Thatcher et al., 1999), children with rickets had calcium intakes at levels reported for children in China (i.e., 200 mg Ca/day). Moreover, the clinical response of these ricketic children to vitamin D supplements was lower than their response to calcium or to a combination of calcium and vitamin D (Thatcher et al., 1999). To date, there appears to be no programmes for the prevention of rickets in China (Sandstead, 2001).  In  Mongolia, rickets is less likely to be related to low intakes of calcium per se, as the calcium density per capita of the available food supply is the highest of all the countries in the WPR considered in this report (Table A13).



Several countries of the WPR have a high prevalence of stunting, some of which may be related to zinc deficiency. In China, for example, the existence of zinc deficiency among malnourished Chinese adults was first suspected in 1940 (Eggleton, 1940). Zinc deficiency has since been confirmed by several zinc supplementation trials. Chen et al. (1985) demonstrated a positive growth response to a zinc supplement in stunted preschool children compared to a group of untreated non-stunted children. More recently, the effects of a multi-micronutrient supplement with and without zinc was investigated on a group of Chinese school children aged 6–9 years old (n=790) (Sandstead et al., 1998). Those children receiving the multi-micronutrient supplement plus zinc showed the largest improvement in growth and neuropsychologic performance, compared to groups receiving micronutrients, or zinc alone. In a survey of hair zinc concentrations among more than 3000 ambulatory urban Chinese children less than seven years of age,  42–50% had hair zinc levels below the level consistent with zinc deficiency (i.e., < 70 ug/g) (Sandstead, 2001). 



Zinc deficiency has also been described among infants and toddlers in Vietnam, as indicated by a significant improvement in linear growth and reductions in the incidence of episodes of diarrhea and respiratory infections  in zinc-supplemented infants compared to their placebo counterparts (Xuan Ninh et al., 1996).  A recent study of the zinc status of a selected group of pregnant women from Zamboana de Sur in the Philippines observed that at 24 weeks gestation, 15% were zinc deficient  based on serum zinc <7.1 umol/L. Moreover, infants born to women with a low serum zinc concentration tended to have a lower mean birth weight (p=0.07) (deJong et al., 2002). Low serum zinc levels have also been reported in apparently healthy adults in the Philippines (Natera et al., 1987). In Papua New Guinea , zinc deficiency has also been reported in pre-school and school children in studies in the Wosera region attributed to low dietary intakes of zinc (Gibson et al., 1991), a finding consistent with that reported for Thai school children with zinc deficiency (Udomkesmalee et al., 1992).



Several non-nutritional factors may also exacerbate certain micronutrient deficiency states, especially iron, zinc and folate deficiencies. They may include increased losses caused by parasitic infections, especially hook worm  (Trichuri trichiura), chronic hemolysis induced by malaria and schistosomiasis (e.g., Schistosomiasis japonicm and S. mansoni), and hemoglobinopathies, all diseases which are prevalent in some of the WPR. Hookworm infection is likely to be an important cause of iron deficiency anemia in areas where infection is endemic (i.e., prevalence of 20-30% or higher). 



Populations in malaria-endemic areas are known to be at high risk of folate deficiency. In certain parts of Africa for example, malaria during pregnancy is the most common cause of megaloblastic erythropoiesis (Fleming, 1989). This occurs because of the extensive hemolysis that occurs during malaria combined with suppression of erythropoiesis. As a result, the increased red cell turnover (i.e. erythroid hyperplasia) dramatically increases the requirement for folate, which may bring about folate deficiency, especially during pregnancy when folate requirements are already high for maternal and fetal tissue growth (O’Conner,1994). 



Failure to recognize the existence of multiple micronutrient deficiencies may be associated, in part, with the often disappointing responses observed in reducing the prevalence of anaemia in programs designed to enhance iron nutriture alone (Allen et al., 2000; Solomons, 2002). Several of the vitamins (B-12, folic acid, riboflavin, vitamin B-6), and the trace elements (iron and copper), have a role in the normal production of red blood cells, whereas riboflavin, vitamin A and vitamin C may have a role in the prevention of anaemia by improving intestinal absorption of iron or by facilitating its mobilization from body stores (Fishman et al., 2000). 





1.2 Health consequences of micronutrient deficiencies in Western Pacific Region





Table 1: Major adverse health consequences of micronutrient deficiencies

Adverse health effect�Micronutrients  involved��Anemia�Fe, Cu, vitamin A,  B-12, folate, (C, B-2, B-6) ��Goitre�I��Stunting �Zn, I, vitamin A, riboflavin, Fe, vitamin D��Rickets�Vitamin D, Ca, P��Night blindness�Vitamin A, Zn��Xerophthalmia�Vitamin A��Impaired cognitive function�Fe, Zn, vitamin B-12, I��Reduced work capacity�Fe deficiency anaemia��Low birthweight, prematurity�Fe, Zn, I, folic acid?��Maternal morbidity and mortality�Fe, Zn, vitamin A, Se?��Infant morbidity and mortality�Zn, Fe, vitamin A, I, Se?��Anorexia�Zn, Fe��

The significant health consequences associated with the major micronutrient deficiency states are summarized in Table 1.   Such adverse health effects results in a high risk of morbidity and subsequent mortality in pregnant women and infants and young children.     Hunt (2000) has estimated the excess mortality attributable to malnutrition for several Asian countries, including some in the Western Pacific Region. In nine low-income Asian countries, moderate and severe malnutrition is said to be responsible for 2.8 million preventable child deaths annually. Moreover, there are 65,000 maternal deaths annually from anaemia. As well, malnutrition, also has direct effects on work capacity, cognitive ability and achievement, which have been outlined in detail by Hunt (2000). Data for four countries from the Western Pacific Region are presented in Table 2.



Table 2 Estimates of excess mortality attributable to malnutrition for four countries from the Western Pacific Region.  Data from Hunt (2000)

�Child Deaths�Maternal Deaths��Country�Per Year (000)�No. due to moderate or severe malnutrition (000)�Per Year (000)�No. due to anaemia (000)��Cambodia�  63�  39�33.0�7.6��China�970�287�19.6�4.5��Lao PDR�  30�  17�  1.5�0.3��Viet Nam�  92�  53�33.0�7.6��



Clearly, major health and economic benefits could be achieved by designing programmes to alleviate multiple micronutrient deficiencies in the countries of the WPR.  The first step in the design of such programmes is to identify the micronutrients likely to be inadequate in the diets of a country at a national level. To achieve this step, detailed food consumption data based on national nutrition surveys are required. Unfortunately, in the WPR, such data on a national level are not available, with the exception of the Philippines and China. Hence, an alternative approach has been selected for the data presented here. The approach described below has utilized the most recent 1999 FAO Food Balance Sheet data in place of national food consumption data, together with a model developed by Beaton (1995). The latter model was adopted because: (a) it does not require information on intake of foods consumed by various age and life-stage groups (information that is not available in the FAO Food Balance Sheets); and (b) it utilizes information on the nutrient densities. The latter is likely to be more accurate than the per capita food supply expressed in grams per day in the Food Balance Sheets. Nevertheless, there are several limitations with using FAO Food Balance Sheet Data in place of food consumption data, and these are discussed in Section 2.1







2.0 Assessment of the adequacy of per capita nutrient densities in the food supply of the countries of the Western Pacific Region



The steps followed to assess the adequacy of per capita nutrient densities in the food supply of the countries of the Western Pacific Region are detailed below.  Note that the nutrient density values per capita derived from the FAO food balance sheet data are limited by the data provided in the national food balance sheets.  The quality of the data in the food balance sheets varies markedly among countries and commodities, and errors may arise at each stage in their construction. Many of these errors impact particularly on the quantities of the individual foods: they impact less markedly on the overall nutrient density of the food supply.  However, the data provide no information on the distribution of the food supply among and within households. 



�2.1. Calculation of  energy, protein, calcium, micronutrient, and antinutrient supply per capita for each country in the WPR



The 1999 FAO food balance sheets provide detailed commodity supply data for  countries in the Western Pacific Region. The reader is particularly directed to the explanations attached to the food balance sheets by FAO, which outline the way in which the food balances are calculated for each country and the limitations of these calculations. Briefly, the commodity supply data are calculated from domestic food production plus imports and food taken from stocks. Exports and food added to stocks are then subtracted, to yield an estimate of total food available (the gross national food supply). Food diverted for non-human-food uses, such as animal feed, seed, and sugar in the brewing industry, together with an estimate for waste, is subtracted from the gross food supply.  The result is a figure for the net amount of food available for human consumption in a country at the retail level (the net food supply) (Kelly et al., 1991). 



Data on the annual supply of 95 major food commodities per capita that are available for human consumption  in the countries of the WPR are supplied in the Food Balance Sheet data. FAO defines per capita supply as the total supply available for human consumption divided by total population, which is generally based on the mid-year population estimates published by the United Nations Population Division. In some instances, adjustments are performed to include migrants and refugees who consume the available food supply, or to consider tourists and seasonal workers. For this report, additional details on the types of specific foods consumed for some of the commodity categories (e.g., roots and tubers) in certain countries were sought from agencies such as the South Pacific Commission, regional offices of UNICEF, and in-country representatives of the WPR. 



In addition to the per capita supply in grams per day of each of the major food commodities, the FAO Food Balance sheets also provide data on the energy, fat, and protein content of each commodity in the food supply, calculated from nutrient values from regional food composition tables. These tables take into account the extraction rate of cereal flours within a specific region, inedible parts of the commodity, and kitchen waste. Unfortunately, FAO, who are presently revising these methodologies and adding some additional nutrients,  do not publish these waste factors or exact details of how these calculations are performed.  In the absence of this information, the procedures developed by Brown and Wuehler (2000) have been followed in this report to calculate the nutrient content of the per capita food supply.  This procedure involved calculating the nutrient content of each food commodity from their corresponding energy content rather than from the gram amounts of each food item. Calculating the nutrient content from the energy content of each commodity takes into account, in part, the waste during food preparation and also factors such as the extraction rate of cereals. As a result, the energy content of the national per capita food supplies shown in Table 3 are nearly identical to those given in the original Food Balance Sheets. 



The International Minilist nutrient database of Bunch and Murphy (1997) associated with the WorldFood Dietary Assessment System was used in this report to calculate the nutrient content of each major food commodity of the food supply for each country because of the absence of an extensive FAO food-to-nutrient conversion database.  The International Minilist nutrient database is an abbreviated table of food composition in which foods of like nutrient content are represented by a single entry. During the compilation of the International Minilist, emphasis was made on determining the best estimate of the nutrient content of the most frequently consumed items, methods of food preparation and extraction rate of cereal grains.  It provides data for 53 nutrients and antinutrients, including phytate, and contains food composition values for 1800 foods from six countries. The source of each food composition value is fully documented. The data are taken from published food composition tables or imputed where necessary; there are no missing values. 



In this report, per capita vitamin C densities in the food supply are not reported because food balance sheet data and not food consumption data were available for the calculations. Moreover, per capita densities for iodine, selenium and vitamin D could not be calculated  because food composition values for these nutrients were not available in the International Minilist nutrient database used. 



The computational procedures followed in this report almost certainly used different food composition data from that used by FAO for energy, protein and fat. As well, the calculations have been performed using “standardized” food balance sheets, and not using the individual constituent food items.  Standardization is a process whereby the processed food commodities are converted back to their primary equivalents. For example, for wheat, extraction rates for wheat and wheat flour products were taken into account, whereas for poultry meat, chicken, turkey meat, and other meats of the poultry family were also considered (FAO, 2002). The impact of these differences can be judged in part by comparing the newly calculated daily per capita amounts of protein and fat in the food supply for each country in the Western Pacific Region with the 1999 Food Balance Sheet data calculated by FAO.  This comparison can be made at the level of the individual food items and at the national level.  Comparisons for the latter are shown in Table 3. This table shows that the newly calculated protein and fat content are comparable to those calculated by FAO.  



Discrepancies for individual foods (not shown) were also examined, and revealed differences that arose mainly as a result of the treatment of the individual foods listed under “animal products”.   In such products, the treatment of waste and the effects of varying food preparation methods are particularly difficult to quantify. However, in general the results shown in Table 3 suggest that the procedures followed and the food composition table data used has yielded results comparable to those obtained by FAO, indicating that these alternative methods have not introduced major new distortions into the nutrient data.



�Table 3. Estimated daily per capita amounts of energy, protein, and fat in the food supply of countries in the Western Pacific Region. Data computed from FAO Food Balance Sheets, Year 1999

�Energy�Protein�FAO Protein�Fat�FAO Fat���(kcal)�(g)�(g)�(g)�(g)��Brunei Daram�2779�85.7�79.6�  67.5�  68.3��Cambodia�1995�42.9�44.4�  26.0�  29.1��China�3040�92.1�83.4�  79.2�  79.7��Fiji Islands�2929�75.4�73.2�107.7�104.1��Kiribati�2978�75.4�70.7�108.4�105.0��Korea D.P.R.�2093�63.1�61.6�  31.7�  31.5��Korea Rep.�3075�90.4�88.2�  74.6�  72.9��Laos�2152�48.8�54.2�  21.3�  24.3��Malaysia�2941�83.8�76.6�  91.2�  87.4��Mongolia�1964�78.2�74.4�  73.1�  73.8��New Caledonia�2746�84.8�82.2�106.8�109.9��New Zealand�3150�92.6�96.3�120.6�118.8��Papua New Guinea�2186�50.7�45.5�  43.8�  43.9��Philippines�2355�60.1�65.5�  47.4�  47.8��Solomon Is�2223�57.2�50.7�  40.7�  39.5��Vanuatu�2760�66.7�59.5�  94.5�  89.3��Viet Nam�2556�60.4�59.7�  35.8�  40.5��





When viewing the result tables showing the nutrient content of the food supply (Tables A4–A33), the reader must bear in mind the limitations inherent in the way the results are calculated.   The limitations fall into two major categories: (a) limitations associated with the way in which the data for food supply is calculated by FAO; and (b) limitations associated with the calculation of the nutrient content.   Limitations associated with (a) are documented in detail by FAO (2001), and are not discussed further here.   However, the calculation of the nutrient content introduces a further group of assumptions and approximations, which must be taken into account, particularly when the results are used to assess the nutrient adequacy of the food supply.  For example, for the latter, it is  important to remember that the results presented are based on the food supply available for consumption and not the food actually consumed, which will inevitably be less. Thus the estimates shown here are the maximum possible per capita supply of the selected nutrients for the countries of the Western Pacific Region.  However, clearly if the levels for the maximum possible supply are sub-optimal, it is almost certain that the actual amount consumed are also sub-optimal.   This particularly applies to the nutrients that are heat labile and/or water soluble resulting in losses during cooking. 



Notwithstanding the limitations of the results, the data tabulated in this report are useful. They represent the first and only estimates of the per capita supply of many nutrients for countries of the Western Pacific Region. Moreover, the information provided allows the likelihood of possible nutrient inadequacies to be assessed, and hence facilitates the design of possible intervention programmes to address these issues.



2.2 To establish a reference nutrient density profile 



To establish the likelihood of possible nutrient inadequacies in the per capita nutrient supply, first a nutrient density profile for each country in the WPR was calculated based on nutrients per 1000 kcal per capita of food supply for each country. These nutrient density profiles are presented for countries in the WPR in Tables A17-A33. The nutrient density profiles for each of the countries investigated were then compared with the corresponding reference nutrient density profile developed by Beaton (1995). 



The derivation of these reference nutrient density profiles are discussed in detail by Beaton (1995). A reference nutrient density was established in such a way that when individuals consume an habitual  diet in amounts that satisfy their energy needs, all but a very small proportion of individuals (i.e., 5%) will also obtain nutrient intakes that meet or exceed their own actual functional needs.  To accomplish this goal, Beaton (1995) calculated  estimated necessary average nutrient densities by nutrient for each gender for the following life-stage groups (assuming 95% coverage): toddlers (2.5 y); schoolers (7 y), older children (12 y), young adolescents (15 y), older adolescents (18 y), adults (25 y), and pregnant and lactating women. These estimated necessary average nutrient densities for each gender and life-stage group were based on the nutrient requirements set by FAO/WHO, where possible, adjusted where appropriate, for dietary bioavailability for protein, iron, and zinc, and divided by the average energy requirements of each of the life-stage groups derived from the FAO/WHO/UNU (1985) report. 



Table 4.     Energy requirements for each of the life-stage groups by gender, together with the body weight used. Data from Beaton (1995)

Age (y) and gender�Weight (kg) 1�Energy requirments (kcal/d) 2��2.5 M�12.5�1300��2.5 F�12.0�1250��7 M�21.2�1465��7 F�20.0�1425��12 M�33.5�1855��12 F�34.5�1700��15 M�48�2050��15 F�47�1900��17 M�56�2450��17 F�52�2050��25 M�62�2400��25 F�54�1950��Pregnancy�   54 3�2250��Lactation�   54 3�2450��1  Based on data presented by James and Schofield (1990). These weights are used in estimating average energy and nutrient requirements where the primary estimate is presented as units per kg body weight.

2  Based on data from FAO/WHO/UNU(1985).   For older children and adults, energy requirement were taken as 1.5 x estimated BMR 

3  Nonpregnant or nonlactating weight.   Energy needs averaged over full pregnancy or 6 months lactation.  In practice, lower intakes are usually reported.



Table 4  present the energy requirements used by Beaton (1995) for each of the life-stage groups by gender, together with the body weight used, where necessary. The latter were based on the data of James and Schofield (1990) and used for estimating average energy (and nutrient) requirements when expressed as units per kg body weight. A low level of physical activity (PAL) (i.e., 1.5 ( Basal Metabolic Rate = Energy requirement) was  assumed for the energy requirements for the older children, adolescents and adults in an effort to ensure that the reference nutrient density set would cover the needs of even those persons with low energy intakes. For those under ten years, energy requirements based solely on age and weight  were used. 



The nutrient requirement estimates selected by Beaton (1995) for calculation of the reference nutrient density profiles shown in Table 5 below, were those of  WHO (1996) for copper and zinc, the FAO/WHO (1988) requirement estimates for iron, vitamin A, folate, and vitamin B-12, and the FAO/WHO (1967) requirements for thiamin, riboflavin, and niacin. For calcium, the desirable intake expressed as mg/d and reported in the FAO (1962) report was used. 



For some nutrients, WHO (1996) (e.g., Cu, Zn) and FAO/WHO (1988) (eg., B-12, folate, vitamin A) have set both  basal and normative requirement estimates. The basal levels have been adopted as the reference used in this report to provide a more conservative estimate of the deficits that may be present. The basal level is defined as the level of intake needed to prevent clinically detectable signs of functional impairment. Obviously, if a deficit in a specific micronutrient is apparent after comparison with a reference nutrient density based on basal requirement estimates, it is even more likely to exist if the higher normative requirement estimates had been used. 



Because the framework used by these international agencies for estimating nutrient requirements differs, Beaton (1995) divided the nutrient requirement estimates into four groups, depending on the frame work used. For each group, a different approach was used to estimate the required group mean intake for each nutrient necessary to give an expected prevalence of inadequate intakes of 5% (i.e. 95% coverage) for each gender and life-stage group. From these, an estimate of the necessary average nutrient density was derived by dividing the required group mean intake by the estimated energy requirement for that class of individual (Table 4). For iron, a special approach involving logarithmic transformations was used because the iron requirements in menstruating women are known to be skewed; this approach is described in detail in Beaton (1995). Of the necessary group mean nutrient densities for each gender life-stage group calculated, the highest was chosen to represent the Reference Nutrient Density Goal for that nutrient. These are presented in Table 5.  By using this approach, the proportion of those individuals meeting their basal needs for each nutrient would be 95%. For the other groups for whom the calculated group average nutrient density was lower, the proportion meeting their functional needs for that nutrient would be even higher.  



�Table 5. Basal reference nutrient density goals for vitamin A, thiamin, riboflavin, niacin, folate, vitamin B-12, calcium, iron, zinc, and copper.  Data from Beaton (1995)

Nutrient�Reference Goal�Comments��Vitamin A (RE/1000 kcal)�190�Would cover all groups��Thiamin (mg/1000 kcal)�0.35�Covers all groups��Riboflavin (mg/1000 kcal)�0.48�Covers all groups��Niacin (NE/1000 kcal)�6.5�Covers all groups��Folate (ug/1000 kcal)�80�Direct supplementation for pregnancy��Vitamin B-12 (ug/1000 kcal)�0.8�Covers all��Calcium (mg/1000 kcal)�350�Lower than estimated targets for pregnancy and lactation but above target for all others��Iron (mg/1000 kcal)�18 (L), 9 (M)�Direct supplementation needed in pregnancy, but protects menstruating females against anaemia and covers basal needs of others��Zinc (mg/1000 kcal)�10 (L) 1, 2.9 (M), 1.8 (H)�Minor shortfall during pregnancy and lactation��Copper (mg/1000 kcal)�0.5�Covers all groups��1  Data for low, medium, and high bioavailability diets

   Target coverage = at least 95% of individuals meet basal needs. 



2.3 Likely micronutrient inadequacies per capita in the food supply of countries in the Western Pacific Region.



To identify a profile of likely nutrient inadequacies per capita in the food supply in the countries in the Western Pacific Region, the per capita nutrient density values shown in Tables A17-A33 can be compared with the corresponding Basal Reference Nutrient Density values shown in Table 5. The difference provides an estimate of the adequacy of the nutrient density per capita in the food supply for that country. 





2.3.1 Adequacy of vitamin A densities per capita in the food supply of countries in the Western Pacfic Region



There are a variety of sources of dietary vitamin A.   Preformed vitamin A is found in foods of animal origin. Hence in many of the countries of the WPR where diets are based mainly on rice, the supply of preformed vitamin A, found only in animal-derived food products, is low unless eggs are consumed. Instead, in these diets vitamin A is obtained almost exclusively as provitamin A carotenoids from darkly coloured fruits and vegetables, as well as oily fruits, particularly red palm oil in some countries (e.g., Malaysia). Food composition values, however, for all the provitamin A carotenoids are often limited, and often include only beta-carotene, and sometimes alpha-carotene, and beta-cryptoxanthin. As a result, the data on vitamin A levels in the available food supply may be of limited accuracy for diets  based almost exclusively on provitamin A carotenoids. Moreover, there has been considerable debate over the absorption and bioconversion of these provitamin A carotenoids. The Standing Committee on the Scientific Evaluation of Dietary Reference intakes (IOM, 2001) have developed a new term —retinol activity equivalents (RAE) —for dietary provitamin A carotenoids, in which the equivalency values for beta carotene, alpha-carotene, and beta-cryptoxanthin have been set at 12, 24, and 24 ug, respectively, higher than the earlier conversion factors of 6, 12, and 12 ug set by FAO/WHO (1988). Use of these new equivalency values, therefore, results in a vitamin A activity for the provitamin A carotenoids that is half of that obtained using the earlier conversion factors. Hence, a  larger amount of dark-coloured, carotene-rich fruits and vegetables is now said to be needed to meet the vitamin A requirement. This increase is especially marked when dark green leafy vegetables are the major source of provitamin A carotenoids, because they are less efficiently converted to vitamin A than the provitamin A carotenoids in cooked yellow tubers and ripe coloured fruits. The amount of fat in the diet is also important in facilitating the utilization of carotenoids, although to date the fat requirement for optimal carotenoid utilization has not been firmly established (Ribaya-Mercado, 2002).  The presence of intestinal helminths is also know to affect the utilization of dietary sources of carotenoids (Jala et al., 1998).



In this report, the food composition values used  for calculating the vitamin A densities were expressed as retinol equivalents (Bunch and Murphy, 1997) and not as the new retinol equivalency values. This will lead to an over-estimate of the vitamin A densities per capita in the food supply of countries in the WPR shown in Table A7.  It is not possible to adjust the retinol equivalents to take into account the new bioconversion factors because data on the proportion of vitamin A contributed by the provitamin A carotenoids are not available. In view of these limitations, it is not surprising that in Table A7, only seven countries—Solomon Islands, Kiribati, Laos, Viet Nam, Korea D.P.R., Vanuatu, and Cambodia— fail to meet the target for vitamin A density set by Beaton (1995), and yet in at least nine countries in the Western Pacific Region (Cavailli-Sforza and Bosch, 2000), vitamin A deficiency is considered to be a public health problem (Table A2).  In the two countries with the highest vitamin A density per capita (Malaysia and Brunei Daram) palm oil, a rich source of provitamin A carotenoids, is available for use, whereas in Mongolia and New Caledonia, milk is an important contributor to the vitamin A supply.



2.3.2 Adequacy of thiamin, riboflavin, and niacin densities per capita in the food supply of countries in the Western Pacific Region



The intake and nutrient densities per capita in the food supply for thiamin, riboflavin, and niacin for the countries of the WPR are shown in Tables A8–A10.  Comparison with the corresponding reference nutrient density goals (Table 5), indicates that Cambodia and possibly Monogolia are the only two countries in the region with thiamin densities per capita that fail to meet the target (0.35 mg/1000kcal). Limited biochemical or clinical data on thiamin status appear to exist for countries of the WPR. The Food and Nutrition Institute of the Philippines (1993) has reported evidence of thiamin deficiency in their Fourth National Nutrition Survey conducted in 1993. Results based on activation of erythrocyte transketolase activity (TP*P effect) suggested that over 30% of pregnant, lactating women and the elderly had biochemical evidence of thiamin deficiency. These result suggest hat thiamin deficiency occurs in certain high risk groups in the Philippines, although in terms of the data on thiamin density per capita  (Table A8), dietary inadequacies of thiamin at a national level are not apparent.



For riboflavin density, eight countries: Cambodia, Kiribati, Viet Nam, Laos, Fiji Islands, Vanuatu, Philippines, and the Solomon Islands, fail to meet the target (0.48mg/1000kcal). 

To my knowledge, no biochemical data are available on riboflavin status in these countries, with the exception of the Philippines. In the latter, biochemical evidence of riboflavin deficiency (based on activation of erythrocyte glutathione reductase activity) has been described in some population groups, especially among pregnant and lactating women (Food and Nutrition Institute, 1995).



However, Campbell et al. (1990), based on survey data in China, have cautioned that the riboflavin requirement estimates set by FAO (1967) may be too high, a suggestion supported by earlier studies of adults which reported no clinical signs of deficiency with diets supplying 0.31–0.35 mg /1000 kcal, but evidence of deficiency when intakes were approximately 0.2 mg/1000 kcal or less (FAO,1967).  Certainly, the biochemical response to varying intakes of riboflavin has not been consistent in the literature, suggesting that differing requirements probably exist, depending on factors such as infection and possibly other concurrent micronutrient deficiencies (Bamji et al., 1987). Two of the countries of the WPR--Cambodia and Kiribati--have a riboflavin density per capita less than 0.30 mg/100 kcal (Table A9). 



Riboflavin deficiency may have an indirect role in impaired linear growth in some of the countries of the WPR, because of inefficient use of dietary energy. This is attributed to the role of flavins in the oxidative steps of metabolism as well as to the disturbances in gastrointestinal morphology and cytokinetics. For example, deficits in riboflavin may result in interference with absorption of several micronutrients, especially iron, as a result of the failure to produce the normal number of villi in the duodenum (Fairweather-Tait et al., 1992; Powers et al., 1993).



With respect to niacin density, all of the countries in the Western Pacific Region appear to meet the target (6.5NE/1000kcal) set by Beaton for the reference niacin density. The absence of any apparent deficit in niacin density is not surprising. Niacin deficiency is more prevalent in populations consuming high amounts of maize (Christianson et al., 1968) and not rice, wheat, or roots and tubers, the predominant staples for the countries in the Western Pacific Region.  Note that the nutrient composition data for niacin  based on the values compiled by Bunch and Murphy (1997) represent only preformed niacin and do not include the contribution of niacin from tryptophan. Total niacin equivalents in the diet, however, are the sum of preformed niacin plus niacin derived from tryptophan. The latter, however, was taken into account in the data presented in Table A10 in this report by assuming that the animal and vegetable protein content of the food supply of the countries of the Western Pacific Region contain 1.4% and 1% tryptophan respectively (Horwitt et al., 1981). 





�2.3.3 Adequacy of folate and vitamin B-12 densities per capita in the food supply of countries in the Western Pacific Region



Comparison of the folate and vitamin B-12 densities per capita in the food supply of countries in the WPR (Tables A11 & A12) with the reference nutrient goal shown in Table 5, reveals that four countries (Cambodia, Viet Nam, Kiribati and Laos) do not meet the reference folate density goal (80 ug/1000kcal).  Korea DRP is the only country in the Western Pacific Region that does not meet the target (0.8ug/1000kcal) for vitamin B-12 density. Biochemical data on the status of these two micronutrients in the countries of the WPR appear limited. They were not assessed in the 1993 Fourth National Nutrition Survey in the Philippines. 



Certain population groups (e.g. pregnant women) in malaria-endemic areas are known to be at high risk of folate deficiency, as discussed in Section 1.1, arising from  the extensive hemolysis that occurs with malaria combined with the suppression of erythropoiesis, rather than from a dietary-induced  deficiency per se. It is noteworthy that the derivation of the reference nutrient density for folate (Table 5),  like iron, excluded the needs of pregnant and lactating women. Instead, it was assumed that the folate needs for pregnant women would be met by the addition of folate to the prenatal iron supplements supplied to women during pregnancy, a practice that should be carried out in all the countries of the WPR.



It  is recognized that when interpreting the folate levels calculated from food balance sheet data using food composition values that losses of folate during food preparation have not been considered. Such losses, however, are assumed to be balanced by the overestimate of folate levels per capita in the food supply that probably arises from the use of food balance sheet data rather than actual food intakes, for the basis of the calculations in this report. 



Recent studies in Mexico, Venezuela, Guatemala, and Kenya have highlighted the existence of low plasma B-12 concentrations in certain population groups (e.g., infants and lactating women, preschoolers, pregnant women) which may be associated in part with malabsorption of vitamin B-12 induced by bacterial or parasitic infections as well as a nutritional deficiency per se (Allen, 1994; Neumann et al., 2002). As well, in the elderly absorption of  vitamin-B-12 is often reduced (Scarlett et al., 1992). Hence, biochemical studies are needed to confirm whether vitamin B-12 deficiencies exist in Korea D.P.R as well as other countries of the WPR.  In view of the concern that the addition of folate as a fortificant may mask neurological complications in people with vitamin B-12 deficiency, and the apparent vulnerability of the elderly and other population groups to vitamin B-12 deficiency in developing countries, it may be prudent to consider adding vitamin B-12 along with folate in future fortification programmes. Certainly, this problem deserves more attention, and is discussed more fully in Section 4.2.



2.3.4  Adequacy of calcium densities per capita in the food supply of countries in the Western Pacific Region



Calcium intakes and calcium densities per capita in the food supply for the countries of the WPR are presented in Table A13  It is noteworthy that none of the countries in the WPR meet the target for calcium density (350 mg/1000 kcal) set by Beaton (1995). Such deficits are not surprising: calcium is known to be limiting in diets based predominantly on plant-based foods, except for those in Mexico and Central America where the lime-cooking process for maize is used (FAO, 1992). Even in the most recent National Nutrition Survey in New Zealand (Russell et al., 1999), the prevalence of inadequate intakes of calcium in adult females was 25% overall.   Low calcium intakes in some countries of the WPR (e.g. China) may be associated with rickets, as has been described for children in Nigeria (Thatcher et al., 1999), as well as vitamin D deficiency (Du et al., 2001). This has been discussed earlier in Section  1.1.



Note that the calcium density of the food supply in Mongolia is the highest of all the countries in the WPR included in this report because of their high consumption of dairy products. Nevertheless, as discussed in Section 1.1, rickets has been reported in Mongolia; its etiology is uncertain but is probably associated in part with lack of skin exposure to sunshine. Sunlight provides the ultraviolet B radiation needed to convert 7-dehydrocholesterol in the skin to precholecalciferol, which is ultimately converted to cholecalciferol (vitamin D-3) (Abrams, 2002).  Rickets has also been associated with other disorders such as pneumonia in developing countries such as Ethiopia (Muhe et al., 1997). 

 



2.3.5. Adequacy of iron densities per capita in the food supply of countries in the Western Pacific Region



Many dietary components are known to modify the bioavailability of iron. As a result, FAO/WHO (1988) have developed a model to estimate the bioavailability of iron from plant-based diets in developing countries. They have classified diets into three broad categories of low, intermediate, and high  bioavailability depending mainly on their content of flesh foods vs. plant-based foods such as cereals, roots, and tubers, and their content of ascorbic-acid rich foods. Currently, it is difficult to clearly distinguish between a low- and intermediate-bioavailability diet by using this classification system. 



Nevertheless, it is of noteworthy that none of the iron densities per capita shown for the countries in the Western Pacific Region listed in Table A14 meet the reference nutrient density goal assuming basal requirement estimates, irrespective of whether low or moderate bioavailability of iron is assumed. Failure to meet the target set for iron is consistent with the data shown in Table A3 on the prevalence of anemia in most of the countries of the Western Pacific Region, with the exception of New Zealand. Nevertheless, caution is needed when making these comparisons, because the prevalence data for anemia given in Table A3 are based on measurement of haemoglobin alone. The latter is neither sensitive nor specific enough to diagnose iron deficiency.  Nutritional deficiencies of several other nutrients besides iron are known to play a role in anaemia, notably vitamins A, B-6, B-12, riboflavin and folic acid, as discussed in Section 1.1, as well as several non-nutritional factors, notably general infections, malaria and helminth infections. 



In New Zealand, the most recent National Nutrition Survey reported  a low prevalence of iron deficiency anaemia among women 15-49 years of age (i.e.,< 5%), based on a multi-parameter index, although 7–13% had non-anaemic iron deficiency, depending on the biochemical iron indices used (Ferguson et al., 2001). Bioavailability of iron in the per capita food supply in New Zealand may be ~ 15% for nonanaemic persons with no iron stores, but even at this high bioavailability level, the iron density per capita does not appear to meet the reference nutrient density goal, despite the apparent low prevalence of suboptimal iron status. Mongolia is the only other country in the WPR considered in this report that may have a daily per capita iron density in the food supply of high bioavailability because of the high per capita supply of meat. 



Note that derivation of the reference nutrient density for iron excluded the needs of pregnant women, as it was assumed that their needs would be met through prenatal iron supplements supplied to the women during pregnancy. Addition of a level of iron as a fortificant that would meet the needs of all women including pregnant women could result in excessive accumulation of iron (i.e., iron overload) among men who eat more food than women yet have lower iron needs.





2.3.6 Adequacy of zinc densities per capita in the food supply of countries in the WPR



The adequacy of zinc per capita in the food supply depends, like iron, on both the

amount and bioavailability in the diet. Therefore, in order to compare the adequacy of zinc densities per capita in each country, an estimate of the bioavailability of zinc in the food supply of each country must also be made. WHO (1996) has classified diets into three bioavailability levels: high; moderate and low, according to the potential availability of their dietary zinc. The WHO (1996) model takes into account the effect of one zinc absorption enhancer—protein from meat, fish, and poultry—and two absorption inhibitors—high levels of calcium and the proportion of phytic acid to zinc—in the whole diet. However, the calcium content of the diets of the countries of the WPR is too low to have a detrimental effect.  Phytic acid is the major determinant of zinc absorption, especially for diets with a low content of flesh foods. It forms insoluble complexes with zinc (as well as nonhaem iron); only the hexa-and pentaphosphate esters of inositol significantly inhibit the bioavailability of zinc (Lonnerdal et al., 1989).  The inhibitory effect of phytic acid on zinc absorption can be predicted to some degree from the molar ratios of phytate to zinc in the diet. Molar ratios in excess of 15:1 (phytate to zinc) progressively inhibit zinc absorption. Even molar ratios as low as 5:1 may have some negative effect.



Table A15 presents the estimated daily per capita energy, zinc (mg/d) and zinc density (mg/1000 kcal) in  the food supply of selected countries of the WPR. Phytate:zinc molar ratios are also shown to provide an estimate of the amount of zinc potentially available for absorption from the food supply for each country, as suggested by WHO (1996). Using the WHO criteria,  zinc bioavailability is likely to be low (i.e., 15%) in the food supply for 

four countries --- Cambodia, Laos, Viet Nam and China, each of which has approximately 50% of energy supplied by rice (Table 8), a phytate-to-zinc molar ratio of the daily food supply per capita exceeding 15 (Table A15), and low intakes of animal protein.  Comparison of the zinc density per capita per day with the corresponding reference nutrient goal for zinc density assuming low bioavailability reveals that these four countries fail to meet the target (10 mg/1000 kcal). It is noteworthy that zinc deficiency has been documented in two of these countries—Viet Nam and China, as discussed in Section 1.2. No data appear to be available on zinc status for population groups in Cambodia and Laos.



Several other countries in the WPR also have phytate-to-zinc molar ratios above 15, but the proportion of energy provided from cereals is about 30-40%, and sources of animal protein in some countries may be more available. Hence, zinc bioavailability in the national food supply of these countries may be moderate to low. These are Brunei Daram, Korea Republic, Malaysia, and the Philippines. Of these, Malaysia and the Philippines have zinc densities per capita that just meet the target when moderate zinc bioavailability is assumed. Hence they may be very vulnerable to zinc deficiency, if zinc bioavailability is in fact low rather than moderate. Some data on serum zinc levels of a selected group of pregnant women, apparently healthy adults, and preschool children in the Philippines suggest that zinc deficiency may be a problem in certain vulnerable groups with high zinc requirements (de Jong et al., 2002; Natera et al., 1987; Villanueva et al., 1981). Other countries for which the zinc density per capita may be marginal are Kiribati, possibly Fiji and the Solomon Islands (especially if the bioavailability of zinc is low rather than moderate), and the Korea D.R.P because of the very high phytate-to-zinc molar ratios per capita in the available food supply. Countries in which zinc inadequacies are unlikely to be a problem at a national level include New Zealand, Mongolia, Vanuatu, and New Caledonia. 



Some of these findings are consistent with available data from published studies on zinc in China (Chen et al., 1985; Sandstead et al., 1998), Viet Nam (Xuan Ninh et al., 1996), and more recently the Philippines (Villaneura et al., 1981; Natera et al., 1987; de Jong et al., 2002), as discussed in Section 1.1. As well, results of the recent 1997 national nutrition survey in New Zealand suggest that the prevalence of inadequate intakes of zinc in the adult New Zealand population is low (Russell et al., 1999), although in some young women who exclude red meat from their diets, serum zinc concentrations indicative of suboptimal zinc status have been reported (Gibson et al., 2001). 





2.3.7 Adequacy of copper densities per capita in the food supply of countries in the WPR



Comparison of the reference nutrient density(0.5mg/100kcal) with the copper densities (Table A16) reveals that six countries have levels that fail to meet the target set by Beaton (1995). These countries are:  Cambodia, Mongolia, Viet Nam, Malaysia, Philippines, and Laos. This may be cause for concern in these countries if high levels of zinc and possibly iron are added as fortificants. Antagonistic interactions may occur between zinc and copper, and iron and copper (Lonnerdal, 1998), although the interference by iron on copper absorption has only been reported in infants to date (Lonnerdal and Hernell, 1994). 



2.3.8 Summary of adequacy of nutrient densities per capita in the food supply of countries in the Western Pacific Region



Table 6 summarizes the likely micronutrient deficits identified for each country in the WPR and discussed above, in relation to the corresponding  reference nutrient densities shown in Table 5.  Note that vitamin A is not included because of the difficulties of calculating the newly proposed retinol activity units. Cambodia is the country in the WPR that fails to meet the target for the greatest number of nutrients based on the food balance sheet data presented, with apparent shortfalls for seven nutrients (excluding vitamin A), followed by Laos and Viet Nam with six. Unfortunately, no biochemical data are available from Cambodia or Laos to substantiate these suggested deficits, with the exception of data on anaemia (Table A3) and some data on night blindness (Table A2). For Viet Nam, there are data on anaemia, serum retinol, night blindness, and some data on serum zinc. Two countries have apparent shortfalls for five nutrients: Kiribati and the Philippines, of which the Philippines has the most biochemical data available. The latter confirms the existence of biochemical deficiencies of iron, riboflavin, (vitamin A) and zinc in the Philippines.  Several countries have shortfalls for four nutrients: Fiji Islands, Korea D.P.R., Malaysia, and Mongolia.    Brunei Daram, China, Papua New Guinea, the Solomon Islands and Vanuatu have shortfalls for three nutrients, whereas Korea Republic, New Caledonia, and New Zealand have shortfalls in the same two nutrients: calcium and iron.





Table 6. Likely micronutrient deficits in some countries in the Western Pacific Region

Country�Likely micronutrient and calcium deficits�� Brunei Daram�calcium, iron, marginal zinc�� Cambodia�thiamin, riboflavin, folate, iron, calcium, zinc, copper �� China�calcium, iron, zinc�� Fiji Islands�riboflavin, calcium, iron, marginal zinc�� Kiribati�riboflavin, folate, calcium, iron, marginal zinc�� Korea D.P.R.�vitamin B-12, calcium, iron, marginal zinc�� Korea Republic�calcium, iron �� Laos�riboflavin, folate, calcium, iron, zinc, copper�� Malaysia�calcium, iron, marginal zinc, copper�� Mongolia�marginal thiamin, iron, calcium, copper �� New Caledonia�calcium, iron�� New Zealand�calcium, iron?�� Papua New Guinea�calcium, iron, marginal zinc�� Philippines�riboflavin, calcium, iron, marginal zinc, copper�� Solomon Islands�calcium, iron, marginal zinc�� Vanuatu�riboflavin, calcium, iron�� Viet Nam�riboflavin, folate, calcium, iron, zinc, copper��

* Note that vitamin A has not been included in this table because it is not possible to calculate the newly proposed retinol activity units.�

3.0 Fortification strategies to alleviate micronutrient deficiencies in the WPR 



Fortification is defined as the addition of nutrients to a food above the level normally found in that food. Fortification with micronutrients could be a cost-effective sustainable method for preventing and correcting inadequacies of multiple micronutrients simultaneously at a national level in countries of the WPR where multiple micronutrient deficiencies are likely to be endemic. To date, however, most of the existing fortification programmes in the Western Pacific Region are voluntary.  This is unfortunate because to be successful at a national level, fortification must be mandated by government regulations that eliminate competition with unfortified products. The existence of competition 

between fortified and unfortified products makes it difficult to pass the cost of fortification onto the consumer, especially in those countries where there is low consumer awareness of the importance of micronutrients for optimal health and development. Mandatory fortification would also ensure quality and safety of the micronutrient-fortified foods and honest and fair practices in marketing them. Governments could assist  national fortification policies by exempting  imported food technology and fortificant mixes from tariffs. 



Nevertheless, efforts are being made by some countries in the WPR, to introduce legislation making fortification mandatory. In Fiji, for example, where a single mill supplies the island with wheat flour, plans are underway to introduce mandatory fortification of wheat flour. However, in countries where a range of traditional and new milling technologies and mill sizes exist, the technical barriers to mandatory fortification are much greater. In the Philippines, fortification of rice with iron and thiamin is mandated by law, although currently not enforced.   Fortification does not require any changes in the existing food beliefs and practices of the consumer, and unlike supplementation, does not impose a burden on the health sector. Moreover, because the cost of fortification can be borne by industry and the consumer, the costs to governments are generally low. Nevertheless, multiple micronutrient fortification, like supplementation, requires both an efficient production and distribution system within the country to be successful.



Table 7  The estimated unit cost of fortification with vitamins.  Data from Mannar (2002).

Vitamin�1/3 RDA�Cost/person/year (US$)��A (250 CWS)�1111 IU�0.073��D (100 CWS)�133 IU�0.016��E (50%CWS)�5 IU�0.139��B1�0.47mg�0.004��B-2�0.57mg�0.013��B-6�0.73mg�0.006��Niacin�6.3mg�0.019��Folic acid�66.7ug�0.001��B-12�1 ug�0.014��C�20mg�0.055��Total��0.339��



The cost of fortifying food staples is relatively low compared to their total cost. Beaton (1995)  estimated the additional cost of fortifying milled cereals with a multimicronutrient premix for refugee feeding to be about US$37/MT, of which only about US $10/MT is for the cost of the nutrient additions. Yip (2000) has estimated the cost of a premix that can deliver between one quarter and one third  of the RDA for iron, zinc, riboflavin, thiamin, and folic acid at US$1.31 per tonne—less than 0.5% of the flour cost. For a person consuming 30 kg/year it represents US$0.04 per year. Addition of vitamin A, however, increases the cost of the premix considerably.



For all fortification programmes, a quality assurance programme is essential to ensure the quality of fortified food products from production to consumption. Both internal monitoring within the production plant and external monitoring by independent agencies is required; details of these strategies are summarized in Lotfi et al. (1996). Resources need to be provided for laboratories and technical personnel to undertake quality assurance. Governments can facilitate successful quality assurance programs by developing standards and associated legislation and enforcing them to ensure that they are met.  Quality control for fortification programs at the village or household level is likely to prove difficult to monitor and enforce. 



The effectiveness of all fortification programs should be tested under the conditions of normal distribution and in the appropriate dietary setting before the fortified products are released on the market. After implementation, steps should be taken to monitor and evaluate both compliance to the program and its effectiveness to reduce micronutrient deficiencies in a high-risk population. A system should be put in place to monitor changes in the micronutrient status of the population using biochemical indices or indirect indicators, where appropriate. Guidelines for monitoring and evaluating iron fortification programmes are available (Nestel and Nalubola, 2000).  Ultimately to be successful, fortification must be a business proposition which is profitable;  costs must be shared by industry, government, donors and consumers (Gillespie et al., 1991). 







3.1 Potential food vehicles for fortification in countries of the WPR



A critical factor determining the selection of the food product to be fortified is whether it is  consumed widely or preferentially by the at-risk groups. For national fortification programs to be effective, at least 50% of the population at risk to the micronutrient deficiencies should consume the potential food vehicle throughout the year. Table 8 provides data on the estimated daily per capita amounts of wheat and rice (based on g/day; kcal/day) and the proportion of total energy contributed by these two staples (as %) in the countries of the WPR, based on the 1999 Food Balance Sheet Data.



�Table 8: Estimated daily per capita amounts of wheat and rice (g/day; as kcal per day) available in the food supply of the countries in the WPR and as a proportion of total energy 



��Wheat�Rice��Country�Energy (kcal)�    (g/day)�(kcal/day)�(% of kcal)�   (g/day)�(kcal/day)�(% of kcal)�� Brunei Daram�2093�129�343�16%�221�  788�38%�� Cambodia�2152�   6�  18�  1%�453�1527  �71%�� China�1995�222�591�30%�250�  921�46%�� Fiji Islands�2556�258�674�26%�139�  548�21%�� Kiribati�2223�151�398�18%�148�  533�24%�� Korea D.P.R.�3040� 78�210�  7%�207�  737�24%�� Korea Rep.�2978�135�385�13%�258�1021�34%�� Laos�2186�   2�    6�  0%�470�1516�69%�� Malaysia�2355� 72�184�  8%�242�  861�37%�� Mongolia�2779�306�841�30%�    8�    30�  1%�� New Caledonia�3075�261�718�23%�  54�  221�  7%�� New Zealand�2929�191�569�19%�  18�    67�  2%�� Papua New Guinea�2760�  82�258�  9%�103�  355�13%�� Philippines�2941�  76�206�  7%�273�  974�33%�� Solomon Is�3150�  78�205�  7%�171�  608�19%�� Vanuatu�2746�  60�159�  6%�136�  496�18%�� Viet Nam�1964�  23�  63�  3%�467�1676�85%��



These data provide no information on the distribution of these two commodities within the country, and whether they are available for consumption by those in need, are accessible, and respect both political sensitivities and consumer preferences. Intakes of the proposed food vehicle must be sufficient to provide adequate micronutrients to the population most at risk of deficiency at the lower level of consumption and not present any risk of toxicity at the higher levels. 



Nevertheless, the data presented do provide information on the potential usefulness for using wheat or rice as a food vehicle. For example, the data suggest that at the present time, the availability of wheat for consumption in Cambodia, Laos, Papua New Guinea, Philippines, Solomon Islands, Vanuatu and Viet Nam is low and hence, fortification of wheat flour as the only available fortified food vehicle would not be sufficient to combat micronutrient deficiencies in these countries.



Additional information that must be collected before a food vehicle is selected are details of the methods of storage, food processing and preparation so that any potential losses of the fortificant can be assessed (FitzGerald, 1997). Some  household food processing methods (e.g. fermentation)  may actually enhance absorption of both the fortificants and intrinsic micronutrients.



Fortification at the national level also requires a food vehicle which is centrally processed in large enough units to permit controlled fortification.  The food vehicle should also be temperature stable, technologically and economically fortifiable, and undergo no changes in taste, texture and appearance during storage. If the potential food vehicle contains potent inhibitors of absorption for some of the micronutrients (e.g. phytate, and polyphenols), then the added micronutrients (e.g., zinc, copper, and iron), like their intrinsic counterparts, will be poorly absorbed, and hence have limited impact on the micronutrient status of the consumer. In such cases, efforts should be made to develop protected fortificants for those micronutrients, for example,  procedures that prevent the micronutrients from binding to phytic acid (discussed more fully in Section 4.0). Alternatively, in some cases, components that counteract the negative effect of the inhibitors (e.g. ascorbic acid for iron) by enhancing absorption of a specific micronutrient can also be added, provided they do not increase the cost so that the fortified product is no longer accessible. 



Before the fortified food vehicle is produced commercially and implemented, the bioavailability of the micronutrient fortificants in the food vehicle, after their incorporation into an indigenous meal of the region must be evaluated, preferably by using in vivo isotopic studies. This step is especially critical for plant-based diets, a food consumption pattern that predominates in most of the countries of the WPR. The quality of the fortified product must also be monitored on a regular basis both at the level of the mill and at the point of purchase to ensure that the product contains appropriate amounts of the fortificant. Currently, these two latter steps are not always given the priority they deserve. 



A discussion of potential food vehicles that may be suitable for fortification in the countries of the WPR is given below, taking into account the data presented in Table 8. 







3.1.1 Wheat flour and wheat flour products



Wheat flour and wheat flour products were the first to be fortified with micronutrients in industrialized countries. In  the US for example, they were fortified with niacin as early as 1938, and in Newfoundland in 1944 with B vitamins. The cost of fortifying wheat flour is low, and manufacturers are often willing to fortify this product because they are familiar with adding fortificants to restore nutrients to pre-milling levels. Moreover, it is technically much easier to fortify wheat flour than rice because the latter is consumed as a whole grain rather than as a flour.



Therefore, micronutrient fortification of wheat flour may become an increasingly effective method in the future for reducing the prevalence of micronutrient deficiencies in some countries of the WPR. Certainly, the consumption of wheat flour in Asia and the Pacific is increasing. Indeed, data from Table 8 suggest that the daily per capita supply of wheat flour for five countries of the WPR—China, Fiji Islands, Mongolia, New Caledonia and New Zealand based on the 1999 Food Balance Sheet data was nearly 200 g/per day or more, and for China, per capita supply was very comparable to that of rice.  Consumption data from the Philippines suggests that the average per capita consumption of wheat flour has risen from 45g/day in 1982 to more than 68g/day in 2000 (Policarpio, 2000). Nevertheless, based on the data presented in Table 8 for the Philippines in 1999, the daily amount available per capita (i.e., 76 g/day) is still small on a national basis. Indeed, the small consumption of wheat flour in Cambodia (less than 20g per person per day), consumed mainly by the urban population, led Ranum (2002) and Chavasit (2002) to conclude that a national programme of wheat fortification in Cambodia at the present time probably would not reach those in most need. Certainly, the daily per capita supply of wheat flour based on the 1999 food balance sheet data is very low (6 g/d) (Table 8).



An added advantage of using wheat flour as a food vehicle is that in some countries of the WPR there is little domestic production of wheat flour and the milling industry is modern and centralized. In such circumstances, making fortification of wheat flour mandatory becomes a feasible option. In the Philippines, for example, only twelve wheat millers operate in the entire country, all situated in the metro Manila area, where they mill 1.3 million MT of wheat flour annually. According to the Philippine Flour Miller’s Association, all wheat flour is fortified with iron ( 8 to 12 mg/kg flour), thiamin (1.8 mg /kg flour), riboflavin (1.1 mg per kg flour), and niacin (15 mg per kg flour). 1995), although whether this is enforced is not known. Two of the wheat flour millers in Metro Manila have also been involved in vitamin A fortification of wheat flour (Solon, 1995). 



In Fiji, the average daily per capita consumption of wheat flour in 2000 was 170 g/day, and is said to be increasing annually by 6–8% (Waqatakirewa, 2000), whereas the average daily per capita supply from the 1999 food balance sheet data is 258 g/d (Table 8).  In Fiji, a single mill supplies the island with wheat flour. Moreover, all ethnic groups in Fiji consume wheat flour. As a result, plans are underway to introduce mandatory fortification of wheat flour in Fiji. A premix containing iron, zinc, B-1, B-2, niacin and folic acid will cost of 0.246 Fiji cents/kg, whereas if only iron, folic acid and zinc are included, the cost would fall by at least 50%.  Based on the results presented in Table 6, Fiji should consider fortifying flour with riboflavin, iron, zinc and calcium. It is hoped that use of fortified wheat flour in Fiji will eventually create a demand in other Pacific Islands, although based on the results presented in Table 8, the amount of wheat flour available per capita in other Islands is still low, with the exception of Kiribati. The estimate for the latter is approximately 150 g/day per capita and the island  would certainly benefit from a food vehicle fortified with riboflavin, folate (+vitamin B-12), iron, zinc and calcium. 



In November 2001, representatives from China and Vietnam, as well as four other Asian nations (Thailand, Pakistan, Indonesia, and India), agreed to a set of principles, strategies, and actions that involved the addition of micronutrients to wheat flour, the types and levels depending on whether the food vehicle was white or unrefined brown flour; these are summarized in Table 9. 

�

 Table 9:  Status of wheat flour fortification in some Western Pacific Region Countries

Country�Status�Micronutrients and proposed fortificant levels��Vietnam and China�Consensus statement Nov 2001�White flour                Brown flour: atta

Fe:60 or 30 ug/g *        Fe: 60 ug/g

Zn: 30 ug/g                  Zn: 30 ug/g

B-1: 2.5 ug/g                Folic acid: 2 ug/g

B-2: 4 ug/g

Folic acid: 2 ug/g��Fiji�Plans to introduce mandatory fortification �Fe: 60 ug/g                  B-2: 2 ug/g

Zn: 30 ug/g                  B-1: 6 ug/g

folic acid: 1.5 ug/g        niacin: 55 ug/g��Philippines��All wheat flour said to be fortified (but not enforced)  with:

Fe: 8-12 ug/g             Four mills fortifying 

B-1: 1.8 ug/g              with vitamin A:   

B-2: 1.1 ug/g              490 RE/100 g

Niacin: 15 ug/g

Fe: 8-12 ug/g��* 60 ug/g as electrolytic iron or 30 ug/g as ferrous sulphate



3.1.2 Rice and rice-products



Rice is the staple cereal in many countries of the WPR considered in this report, including Brunei Daram, Cambodia, China, Korea DPR,  Korea Republic, Laos, Malaysia, Philippines, and Viet Nam. The percentage of energy contributed by rice per capita in these countries ranges from 24% for Korea D.R.P to 85% in Viet Nam (Table 8).



Several methods have been developed to fortify rice, but all are much more expensive than fortifying wheat flour. Of the methods, powder and whole grain fortification are the most popular commercial fortification processes. Powder fortification is less expensive than whole grain fortification and involves adding a preblended powder mixture of the micronutrients (generally thiamin, riboflavin, niacin or niacinamide, and iron)  to the rice. Ferric orthophosphate is the recommended iron fortificant because it is relatively water insoluble and white in colour (Hoffpauer, 1992). The main disadvantage of powder enrichment is that from 20 to 100% of the fortificant may be lost from the rice if it is washed prior to cooking, during cooking, or if it is drained after cooking. 



Whole grain fortification of rice was first developed in the 1940’s by Hoffman-LaRoche and used in Bataan province in the Philippines in 1948–1950 to combat beri-beri. A premix of micronutrient-fortified milled rice was first made by spraying thiamin (as thiamin hydrochloride) and niacin (nicotinamide) in either a sulphuric acid or acetic acid solution onto the surface of the rice grains, followed by the application of a water insoluble protective coating to prevent the thiamin and niacin from being rinsed off. These premix fortified grains were then blended with unfortified milled rice, usually at a ratio of 1 fortified grain to 200 unfortified grains to achieve the desired fortification levels in the final product. Use of this fortification process ensures that only 10% of any nutrient is lost through ordinary washing before cooking, and another 10% on cooking. Marked reductions in the incidence of beri-beri were reported in the areas where this whole grain fortification was introduced (Juliano, 1993).



Whole grain fortification of rice has been improved since its initial development. Riboflavin, pantothenic acid, and pyridoxine can now be added to the spray, after which the premix milled rice is steamed, fried, and then coated with separate layers of vitamin E, calcium, and iron (as ferric orthophosphate). Finally, a protective coating is added and a natural food colouring to prevent the loss of nutrients through washing, before blending the premix grains with unfortified milled rice. 



In the Philippines, efforts have been made to fortify rice with ferrous sulphate and vitamin A. As well, a new coating material for the rice grains has been developed made from ethyl cellulose,  methyl-cellulose, chloroform, isopropyl alcohol mix, which gives the rice grains a creamy white colour, which is barely indistinguishable from the unfortified rice grains. The coating also prevents discoloration and off flavours,  as well as the removal of the iron fortificant by washing prior to cooking. Again this iron premix rice is evenly mixed with ordinary unfortified rice at a 1:200 dilution to yield 2 mg elemental iron per 100 g rice, after compensating for losses during washing and cooking. Japan in conjunction with ILSI Japan have also developed a technology for fortifying rice with iron, vitamin A, and B-complex vitamins. The feasibility of implementing this technology in South East Asia is currently under investigation. 



A recent technological development is the production of  “ultra-rice”. This involves the production of fortified simulated/synthetic rice grains from broken rice grains that are powdered and reconstituted into full grains to produce a premix. Again, the fortified premix is then mixed with milled rice to provide the target fortification levels in the final product. These simulated grains have been fortified in Brazil and the Philippines with vitamin A, in the form of all-trans retinyl palmitate at a level of 800 ug/g premix. Alpha-tocopherol and ascorbic acid are also added at 1 mg/g premix to stabilize the vitamin A. Field trials conducted in Brazil showed that serum retinol levels improved in children consuming vitamin A fortified rice (Flores et al., 1994). In Indonesia, attempts are being made to fortify ultra-rice with both vitamin A and iron. However, the vitamin A tends to be oxidized by the iron, resulting in a discoloured product (Murphy, 1996). Developments are still underway to reduce the losses of vitamin A and iron that occur during storage and cooking of ultra-rice. Once these difficulties are overcome, use of ultra-rice may be a viable option for those countries in the WPR where rice is the staple cereal, although coverage may be limited in families who cannot afford milling fees and instead rely on home pounding to remove the rice hull. 



Several programmatic barriers to implementing rice fortification have been identified, which should be investigated before implementation of rice fortification programmes is considered in the WPR. In Thailand, for example, concerns related to the production, milling and marketing systems, storage facilities, attitudes of the millers, fees, and consumer acceptability (Welsch et al., 1979).  In the Western Pacific Region, the biggest barrier to rice fortification is probably that most rice is cultivated on small farms and milled in a scattered small-scale mills rather than in a few centrally located mills (Solon, 1995). Nevertheless, a fortification programme could operate through a government agency responsible for controlling supplemental rice supplies. Such a programme was operated in the Philippines by the National Food Authority (NFA), a government corporation, which sold rice at controlled prices to the lowest income group. Unfortunately, a plan to fortify the rice it procured, milled and distributed, was abandoned when the government decided to discontinue the sale of NFA rice in the Philippines.



3.1.3 Village-scale fortification of cereal flours



As has been discussed earlier, in some of the countries of the WPR, where multiple micronutrient deficiencies occur, no centrally processed food  vehicle exists. Instead, the staple, often rice, is grown by local farmers and processed at local small-scale processing facilities. In these circumstances, fortification at the village or at the household level using vitamin-mineral premix  powders may be alternative strategy. Bressani et al. (1972) investigated the feasibility of community-based fortification of lime soaked maize in Guatemala. In this early study, the miller was supplied with a series of labelled cups such that if a householder came with maize weighing 8 kilograms, cup#8 would be used to measure out the amount of premix to be added to an 8 kg batch of maize, in an effort to ensure some quality control. 



Some small-scale fortification projects have recently been tried in Malawi, Zambia and Tanzania, spear headed by the Micronutrient and Health Programme of World Vision Canada, and funded through the Canadian International Development Agency (CIDA).  A pilot project has been started in Tanzania and so far fortification has started in eight mills, providing micronutrient-enriched maize flour to 1,038 households. Preliminary results suggest that the process is feasible and acceptable to millers and participants (MICAH, 2002). However much work remains to establish an adequate quality assurance programme to ensure the on-going quality of the final fortified product. As well, neither the efficacy or effectiveness of these village-based fortification projects has been evaluated to date. 



3.1.4 Condiments 



In view of the technical difficulties surrounding  micronutrient fortification of rice, food technologists in several countries in Asia have developed methods of fortifying condiments that are consumed with rice, notably fish sauce, soy sauce, or seasoning powders. These condiments are inexpensive and are consumed in relatively constant amounts by most age and socio-economic groups, including the lower-income groups. Fortification of condiments appears to be a viable option for combating the micronutrient deficits depicted in Table 6 for those countries in which a large proportion of  their energy supply per capita is contributed by rice, consumed with a condiment. Such countries in the WPR include: Cambodia, China, and Viet Nam.



A seasoning powder, developed in Thailand to be served with instant wheat noodles,  has been fortified with three micronutrients (iodine, iron and vitamin A) since 1995 (Chavasit and Tontisirin, 1998). Instant noodles are very popular because they are convenient and relatively affordable. As well they are manufactured in a variety of flavours. A further advantage is that higher levels of the fortificants can be added to seasoning powders than to the wheat flour noodles. In Thailand,  one serving of the seasoning powder provides one third of the Thai RDA for iron, vitamin A, and iodine; additional fortificants (e.g. zinc) could be readily added. To reduce the cost, the Thai Committee on Co-operation of Government and Private Sectors in Solving Food and Nutrition Problems obtained a reduction in the tax levied on the premix. These triple-fortified instant noodles are sold  in other Asian countries (e.g., Cambodia), and are not significantly more expensive than the unfortified instant noodles. An efficacy trial of a seasoning powder fortified with iron, iodine, vitamin A, and zinc to be undertaken on school children in NE Thailand is currently in the planning stage (Chavasit pers. comm.). 



Soy sauce is consumed by 70% of households in China, with a national average daily consumption of 12.6 ml per person (Chunming, 2000), whereas in Viet Nam, it is consumed by about 80% of the population with about 50% consuming it daily (Thi Lam, 2000). 



Fish sauce is estimated to be consumed by 82% of households daily in Vietnam with a daily consumption per person of 20 ml/day (ILSI). In Cambodia, fish sauce is also consumed by nearly all households on a daily basis. Estimated consumption is 15 to 45 ml per person per day (Chavasit, 2001). The National Institute of Nutrition in Viet Nam, the Institute of Food and Hygiene in China, and more recently the Institute of Nutrition at Mahidol University in Thailand have developed the technology for fortifying fish sauce with iron. In Viet Nam and China, the iron fortificant chosen for the fish sauce is NaFeEDTA because preliminary trials demonstrated that elemental iron produced unacceptable organoleptic changes.  As well, absorption of NaFeEDTA is known to be higher than the traditional iron fortificants for rice-based diets which are relatively high in phytate.  NaFeEDTA is also stable during cooking and storage and does not alter the organoleptic properties of the fish or soy sauce. However, with the exception of China, NaFeEDTA must be legislated as a permitted food additive, before it can be used in the fish sauce. 



In Thailand, fish sauce fortified with ferrous sulphate and citric acid is being developed, with a level of iron equivalent to 5 mg Fe per 15 ml of fish sauce. This amount represents one third of the Thai RDA for iron per serving . Sensory tests have revealed no unacceptable organoleptic changes using this combination of ferrous sulphate with citric acid. The bioavailability of iron in this fish sauce is currently being tested using stable isotope studies. The cost of fortifying fish sauce with iron is about US $6 per metric ton of fish sauce, or about Us $ 0.033 per person per year assuming a consumption of 15g/day. Iodine can also be added to the fish sauce produced in Thailand without any deleterious changes to the quality of the product. 



To date, efficacy trials of iron-fortified fish sauce have been completed in Viet Nam and China. Anemic school children (n=304) aged 14–17 years of age  participated in the trial in China during which they received two levels of iron (5 mg per 5 ml sauce) or 20 mg Fe per 5 ml sauce per day. A larger randomized controlled efficacy trial in four to six villages is planned. Efficacy trials are also planned in Vietnam with fish sauce fortified with two levels of NaFeEDTA . 



Salt is the most widely used vehicle for the provision of iodine in both industrialized and developing countries, although in some countries, bread, milk, sugar and water have also been used. Several countries in the WPR have salt iodization  programmes, some of which (e.g., China), have been very successful achieving 90% iodized salt coverage, whereas others (e.g. Philippines), less than 20% household coverage is achieved. As a result, in some countries of the WPR where data on iodine status are available, goitre and/or low urinary iodine levels are still prevalent, as shown in Table A1.



In India, refined salt has been fortified with both iodine (as potassium iodide or potassium iodate ) and iron (as ferrous sulphateheptahydrate) to yield 40 ug of iodine and 1 mg elemental iron per gram of salt.  A polyphosphate, sodium hexametaphosphate (SHMP) is used to maintain the stability of the iodine in the presence of iron. The iodine content of the doubly fortified salt is stable for six months provided refined salt is used, after which some loss of iodine occurs (Madhavan Nair et al., 1998). In an effort to obtain higher retention of iodine under different environmental conditions, a technique of dextrin encapsulation to create a barrier between ferrous fumarate and potassium iodate has been used by some investigators. Quality assurance of salt fortified with iodine and iron should be accomplished at all levels (i.e., importation, production, distribution, marketing), and involve industry and government.



3.1.5 Fortification of fats and oils



Fortification of margarine, other butter substitutes (e.g., Vanaspati in India) and certain vegetable oils (e.g. refined soybean oil in Brazil) with vitamin A (and sometimes vitamin D) is practiced in industrialized and developing countries. In India, red palm oil is added to peanut oil and distributed as a concentrate providing vitamin A at the level of 100% of the RDA of an adult male. In the Philippines, vitamins A and D are added to margarine at levels of 22.000 IU /kg and 1,100 IU/kg, respectively. Recommendations have been made to import vegetable oil fortified with vitamin A into Cambodia because it is typically consumed daily by all socioeconomic groups, although only at low levels (9 g/person/day), and it is easier and cheaper to fortify with vitamin A than wheat flour (Chavasit, 2001; Ranum, 2001). Currently vegetable oil in Cambodia consists of imported palm oil from Malaysia or Thailand, which is packaged in clear plastic bottles. Therefore, these bottles will need to be packaged in UV light resistant plastic bags to prevent destruction of the vitamin A. A new palm oil plantation is currently under development in Cambodia.



3.1.6 Fortification of sugar with vitamin A



Successful fortification of sugar with vitamin A in several Central and South American countries has led Viet Nam to investigate fortified sugar as a vehicle for combating vitamin A deficiency. The average daily consumption of sugar in Viet Nam is estimated to be 11 grams per day. Pilot production of fortified sugar began in 1999, and by 2000, sugar fortified at 50 IU/g was successfully test marketed under the brand name SugarA. Nevertheless, no provisions have been made for quality assurance of this product and no enforcement has been initiated to control its price. Coverage to date is limited (Huong, 2000). In general, however, sugar consumption is not as high in Asia or a widespread as that in Latin America, so that coverage will always tend be low.



3.1.7 Fortification of multiple food vehicles



In countries where there is no universal consumption of a food vehicle, often because the cereal staple is not centrally processed,  fortification of several food vehicles may be a preferred option. By adopting such an approach, resistance by a single industry on the basis that it is being unfairly singled out, may be prevented. However,  when fortifying a variety of food vehicles, care must be taken to ensure that there is no possibility of consuming excess levels of the micronutrient fortificant. This can be achieved by fortifying each food vehicle with a proportion of the RDI. Calculations must be performed to ascertain the maximum level of each fortificant that could be consumed by each gender and life-stage group, if all the fortified food vehicles available in the country were consumed on a daily basis. These levels must then be compared against the corresponding gender and life-stage specific upper tolerable level (UL) (see Section 5.0) to ensure that there is no risk of adverse health effects arising from excessive intakes of the micronutrients. 



4.0 Selection of appropriate fortificants



Successful fortification also depends on the availability of an appropriate fortificant. It must be readily absorbed and utilized, resistant to any dietary inhibitors, safe, stable, acceptable, and have no effect on the organoleptic qualities of the food vehicle. Sensory trials should be undertaken to determine whether the chosen fortificant and level alter the organoleptic qualities of the fortified product and to assess consumer acceptance. 



In addition to the form of the fortificant, physical and chemical factors such as exposure to heat, moisture, air or light, and acid or alkaline environments may influence   

the stability of micronutrient fortificants. Exposure of the fortificant to any of these factors during food processing, distribution, or storage may affects its stability. In general, the stability of the micronutrients in fortified foods can be ensured provided the food is packaged and stored appropriately. Minerals are more resistant to manufacturing processes than vitamins. Where necessary, an overage of fortificant should be added to compensate for losses during processing, distribution, and storage, and levels of the fortificant monitored, preferably at  factory, retail, and household levels. A table of recommended overages for selected nutrients and vehicles based on losses during processing is available in “Fortification Basics” produced by OMNI, Roche, USAID.



In the following section, the advantages and limitations of potential fortificants for those micronutrients and calcium which fail to meet the reference nutrient goals (Table 5) and depicted in Table 6 are discussed.  A discussion of fortificant levels is not included because the data used in this report are based on daily per capita amounts from Food Balance Sheets, and not on per capita consumption data. 





4.1 Vitamin A



Commercial production of vitamin A fortified margarine began as early as 1927. Since that time, fortification of margarine, other butter substitutes (e.g., Vanaspati in India) and certain vegetable oils (e.g. refined soybean oil in Brazil) has been practiced in many industrialized and developing countries. Vitamin A is fat soluble and hence distributes easily and uniformly in fats and oils, where it is more stable than in other foods because it is protected from air, thus reducing oxidation and enhancing stability.  Dried skim milk powder distributed by WHO, UNICEF from 1960’s, and UNHCR and WFP from 1989 was also fortified with vitamin A and sometimes vitamin D. More recently, sugar has been fortified with vitamin A in several Central and South American countries including Guatemala,  El Salvador, Honduras, Bolivia, Costa Rica, Panama, Chile, and Brazil.



The vitamin A fortificant that has been used in fats and oils is often retinol palmitate or vitamin A acetate plus edible antioxidants to protect the fat or oils and the vitamin A fortificant from oxidation. The vitamin A fortificants used in sugar are also retinol palmitate or retinol acetate, both of which contain stabilizers that protect the retinol from oxygen in the air and ultraviolet light. However, to meet the requirements for sugar fortification, they must be manufactured so that they are soluble in cold water. This means that they generally cannot be produced locally and must be imported from industrialized countries, making them expensive. The water miscible retinyl palmitate beadlet called “25-CWS”(CWS-cold water soluble) or retinol acetate 325-L Hoffman-La Roche (water dispersible) are often used. They have a good stability, but are still sensitive to high humidity and temperatures especially when exposed to air. As a result, handling and storage conditions are critical when developing a fortification program that includes these fortificants. 



Wheat flour and rice in the Philippines are being fortified with all trans retinyl palmitate. The stability of vitamin A in fortified wheat flour depends on the storage temperature. At room temperature, over 95% of the vitamin A is retained after six months, but at 450C retention is only 72%. 



4.2 B-vitamins 



The stability of thiamin during storage depends on the moisture content of the food. When added to cereal flours with a 12% moisture content, 88% of the added thiamin is retained after five months, whereas if the moisture content is only 6%, no losses occur. However, during baking, pasteurization or boiling, the thiamin content of fortified foods can be reduced by 50%. 



Some studies suggest that riboflavin deficiency may have a slight protective effect on malaria, so that fortification with high levels may not be favourable. Riboflavin is very stable during thermal processing, storage, and food preparation, but is susceptible to degradation on exposure to light, making the use of light-proof packaging materials for the food vehicle essential. Undesirable colour changes may occur in cereal flours if the level of riboflavin exceeds 2.5mg/kg. 



The synthetic monoglutamate form of folate—folic acid—is increasingly being added as a fortificant to foods in industrialized countries, most frequently to ready-prepared cereals or wheat flour. Such a strategy has been initiated because several trials have shown that folic acid intake before conception can reduce a women’s risk of bearing a child with a neural tube defect (Watkins, 1998). At the same time, increasing the levels of folic acid (and vitamin B-6 and B-12) may also reduce homocysteine levels; hyperhomocysteinemia is considered to be an independent risk factor for cardiovascular disease (Danesh and Lewington, 1998). Indeed, a decline in serum homocysteine levels has been reported in 108 elderly subjects after consuming flour fortified with folic acid in Chile at the level of 200 ug of synthetic folic acid per 100 g flour (Hirsch et al., 2002). Synthetic folic acid is the form recommended for micronutrient fortification programmes. It has been shown to have a bioavailability of 85% compared to the 50% assumed for dietary folate (Sauberlich et al., 1987).  



The potential loss of folate during cooking and thermal processing must be considered when establishing the fortificant dose. Folate may be lost during food preparation because of leaching from the food into the cooking water in addition to chemical degradation in the presence of light. It is, however, relatively stable to heat and humidity, and over 70% of the folic acid is retained when fortified wheat flour is baked into bread.



Note that the folic acid needs of pregnant women in developing countries cannot be met by diet alone, even if folic acid is added to a fortificant premix at a national level. All pregnant women should receive supplemental folic acid (and iron) during pregnancy. 



Concern has been raised that a national fortification programme with folic acid in the absence of additional vitamin B-12 may not be appropriate. There is suggestive evidence that folate may mask neurological complications in persons with vitamin B-12 deficiency. The latter may include the elderly in whom absorption of protein-bound cobalamin from food may be reduced because of atrophic gastritis (Scarlett  et al., 1992). As well, in developing countries, preschoolers and pregnant women may also be at risk due to vitamin B-12 deficiency because of malabsorption induced by bacterial or parasitic infections, as discussed in Section 2.3.3. In a study in Chile, for example, flour fortified with folic acid was shown not to be suitable for the elderly because vitamin B-12 deficiency was not corrected. Despite a significant  increase in serum folate levels and a significant decrease (i.e., approx 11%) in serum homocysteine, there was no change in serum vitamin B-12 levels (Hirsch et al., 2002).These preliminary findings suggest that caution should be observed in countries proposing to add folate as a fortificant to wheat flour without the addition of vitamin B-12, and consideration should be given to adding vitamin B-12 as well. 



Unlike folate, there is very little information on the bioavailability of different forms of vitamin B-12. For persons with decreased gastric acid secretion (i.e.,achlorhydria), vitamin B-12 in food may be poorly available. Crystalline cyanocobalamin, when added as a fortificant, however, does not depend on the action of acid on proteins to release the vitamin B-12 for combination with intrinsic factor, and hence would be absorbed by persons with gastric gastritis at levels of ~ 60% at low doses (Adams et al., 1971). 





4.3 Calcium 



There are numerous forms of calcium that are considered bioavailable  and have been approved for addition to foods for human use, including:  calcium carbonate, chloride, Ca salt of citric acid, Ca gluconate, Ca glycerophosphate, Ca lactate, Ca salts of orthophosphoric acid, Ca hydroxide and Ca oxide. The calcium content by weight ranges from as low as 9% for gluconate to as high as approximately 71% for the oxide.   Phytic or oxalic acid in the diet form insoluble complexes with calcium in the gut, thus reducing calcium bioavailability, necessitating the addition of higher levels of calcium to counteract these  adverse effects, unless enhancers of calcium absorption are added at the same time. Enhancers  that have been investigated include lactose for infants (Miller, 1989) and casein phosphospeptides, although the former is said to only enhance ca absorption in infants, not adults, and the latter was not shown to increase fractional calcium absorption in adults consuming a rice-based or whole-grain cereal (Hansen et al., 1997). 



Recent studies suggest that the solubility of the Ca form may have only a limited effect on Ca absorption, except for those salts with very low (e.g. oxalate) or very high solubility (e.g., citrate, malate, or bisglycinocalcium (Heaney et al. 1990). Nevertheless, soluble calcium salts are preferred for the calcium fortification of products such as drinks. Calcium citrate, malate, or gluconate are often used in fruit-based drinks because their acid pH increases the solubility of the calcium salt. In some cases,  stabilizers can be added (e.g., carrageenan, guar gum) or sequestering agents with pH adjustment can be added to prevent sedimentation of insoluble calcium salts.  Some calcium salts induce undesirable organoleptic changes in colour, odour, flavour, texture, and stability in the food vehicle when added at the levels required.



There is concern that addition of high levels of calcium in a fortificant premix could adversely affect the bioavailability of zinc, especially when phytate is also present in the diet, as is the case for most of the plant-based diets of the countries of the WPR  (Lonnerdal, 1998).  Some studies have reported an inhibitory effect of calcium on iron absorption, by a mechanism which is uncertain. Unlike zinc, the inhibitory effect appears to be independent of the amount of phytate in a meal (Hallberg et al., 1992). Moreover, calcium does not interfere with the enhancing effect of meat or ascorbic acid (Hallberg and Hulthen, 2000).  The addition of calcium to wheat flour may inhibit phytase activity in yeast, however, and thus decrease iron absorption. Hallberg et al. (1991) reported that as little as 40 mg calcium added to 80 g wheat flour inhibited phytate degradation during leavening by 50%.  This is important because if calcium is added  as a fortificant  to wheat flour, it may reduce the beneficial effect of fermentation on the bioavailability of iron and other minerals bound to phytate. Therefore, any potential negative effects arising from he widespread addition of calcium as a fortificant must be taken into account before the fortificant levels are established. 





4.4 Iron



The advantages and disadvantages of the many forms of iron fortificants have been extensively reviewed by Hurrell (1992; 1997). The iron compounds commonly used in fortification programmes can be classified into four groups: (a) those that are freely soluble in water (ferrous sulphate); (b) those that are soluble in dilute acids such as gastric juice (ferrous fumurate, ferric saccharate); (c) those that are water-insoluble but poorly soluble in dilute acids (ferric pyrophosphate, ferric orthophosphate, and elemental iron); and (d) protected iron compounds. 



Bioavailability of iron fortificants is usually expressed as relative bioavailability values (RBV), i.e their bioavailability relative to that of ferrous sulphate, the latter being assigned the standard RBV of 100% (Hurrell, 1997).  Absorption is highest for those fortificants that are soluble in water or dilute acids (e.g., ferrous sulphate, ferrous fumarate, ferric saccharate). However, such fortificants often cause oxidative reactions in the food vehicles, resulting in undesirable organoleptic changes such as discoloration and off flavours (rancidity), unless they are manufactured in encapsulated forms.  The latter process can be used for ferrous sulphate and ferrous fumurate and involves coating these fortificants with partially hydrogenated oils, such as soybean and cottonseed, or ethyl cellulose to prevent fat oxidation changes during storage of cereals. The coating process has no effect on the RBV of the fortificant, as measured in rodent assays (Hurrell, 1997).  However, these encapsulated fortificants are expensive, limiting their use in many fortification programmes in developing countries.  



As a result, iron fortificants that are less likely to interact with food components (e.g. ferric pyrophosphate, ferric orthophosphate, and elemental iron) are often used instead, despite their much lower RBV. Of these, elemental iron is most often used. There are three types of elemental iron used in foods which are differentiated by the following methods of manufacture: by reduction under hydrogen or carbon  monoxide (H2 reduced or CO reduce iron), by electrolytic deposition (electrolytic iron), and by the carbonyl process (carbonyl iron). For each type of elemental iron, the finer the particle size, the greater the availability. However, in view of the inconsistencies in the values for RBV for elemental iron, it is not recommended as a dependable source of bioavailable fortificant iron (Hurrell, 1992).



The composition of the diet can be a more important determinant of iron absorption than the type of fortificant itself, especially in those countries in the Western Pacific Region with mainly plant-based diets. In such circumstances, the diets are often high in phytic acid and sometimes, polyphenols,  both potent inhibitors of non-haem iron absorption, whereas intakes of cellular animal protein, which enhances non-haem iron absorption, are low.  As a result, the bioavailability of most iron fortificants, as well as the intrinsic iron of the diet, will be poor.



A “protected” iron fortificant—NaFeEDTA—has been developed, however, to fortify cereal-based foods which contain significant quantities of phytic acid.  This compound prevents iron from binding with the phytic acid present in the cereals to some extent, and may even enhance absorption of other intrinsic inorganic iron (Viteri et al., 1995). The NaFeEDTA forms a common pool with nonhaem iron and partially “protects” this iron from being bound intraluminally by inhibitors of absorption, thereby increasing the fractional absorption of the entire nonhaem-iron pool (MacPhail et al., 1994). Nevertheless, it does not provide complete protection against phytic acid and polyphenols

(MacPhail et al., 1989). Absorption of iron from NaFeEDTA is two or three times that of ferrous sulphate, in the presence of meals containing a large quantity of phytic acid (e.g., maize porridge) (Mendoza et al., 2001), but similar to that of ferrous sulphate in meals that contain substantial amounts of ascorbic acid or meat (INACG, 1993).  Moreover, NaFeEDTA is stable during processing and storage and does not promote fat oxidation in stored wheat flour (Hurrell, 1997). Absorption of zinc from meals containing phytic acid is also apparently increased by NaFeEDTA  (Davidsson et al., 1994).  However, although it  better absorbed than ferrous sulphate, it is also six times more expensive. The US Food and Drug Administration and the Codex Alimentarius have only approved the use of  the expensive “food quality” NaFeEDTA as a fortificant. In PRC, the National Committee on Food Additives Standardization approved NaFeEDTA as a nutrient fortificant in 1999, and studies are underway to use it in fish sauce, as discussed in Section 3.1.4. 



The efficacy of  using NaFeEDTA as a fortificant on improving iron status in developing countries has been demonstrated using sugar in Guatemala (Viteri et al., 1995), curry powder in South Africa (Ballot et al., 1989), and fish sauce in Thailand (Garby and Areekul, 1974) as the food vehicles. NaFeEDTA, however, has not yet been approved as a food additive in several countries, in part because of concerns about high intakes of EDTA arising from its use as a preservative by the food industry.  Severe birth defects have been reported in pregnant rats fed high levels of EDTA, shown to be induced by its adverse effect on zinc absorption and utilization. Supplementation of zinc by the mother during pregnancy prevented these adverse effects (Swenerton and Hurley, 1971).  However, it is very unlikely that such adverse effects would occur at the levels at which it would be consumed as a fortificant per se. Beaton (1995) estimated possible intakes of EDTA from various age groups based on data on food consumption patterns in Kenya. Calculated mean intakes for even the highest intake group (schoolers) were well below the FAO/WHO (1993) acceptable daily intake (2.5 mg/kg). Research must be pursued, however, on the possible influence and physiological impact of NaFeEDTA on absorption of potentially toxic metals (Pb, Hg, Al, Cd, Mn) (Hurrell, 1997). 



Recently researchers have investigated the use of adding the EDTA moiety alone as an absorption enhancer in combination with other iron compounds (Hurrell et al., 2000).  The EDTA moiety would combine with the native food iron that enters the common iron pool in the gastrointestinal tract, thereby preventing the formation of non-absorbable Fe-phytate complexes and enhancing iron absorption.  Results suggest that Na2EDTA can be added to cereal foods to enhance absorption of soluble Fe-fortification compounds such as FeSO4, as well as poorly-soluble Fe compounds such as ferrous fumarate, ferric pyrophosphate and elemental Fe. Consequently, Na 2EDTA can be used to enhance the absorption of soluble Fe compounds as well as native food Fe, rather than using ascorbic acid. The latter is expensive and readily degraded during food processing (Hallberg et al., 1989) and during storage if the food is not in an air-tight and moisture-proof package. 



Note that in this report, it is assumed that all pregnant women in the countries of the WPR where a shortfall of iron has been identified, will receive iron (and folic acid) supplements, even if a national fortification programme that includes iron (and folic acid) is implemented.  The iron and folic acid needs of women during pregnancy in such countries cannot be met from diet alone.





4.5 Zinc and copper



In industrialized countries at the present time, only a few selected food items are fortified with zinc. These include special-purpose foods such as infant formulas and ready-to-eat breakfast cereals. In the latter, zinc oxide is the fortificant most frequently used because it is cheap and a white powder that causes no organoleptic problems. However, zinc oxide is insoluble, and relatively poorly absorbed compared to water-soluble preparations (e.g., zinc sulphate, zinc acetate, or amino acid chelates). Indeed, in experimental rat studies based on tibia zinc, zinc from zinc oxide was said to have 61% availability relative to zinc sulphate (Wedekind and Baker, 1990).  Absorption may be especially poor in persons with hypochlorhydria or achlorhydria (Henderson et al. 1995), a condition that may be prevalent where there are high rates of malnutrition or infection with Helicobacter pylori, both of which impair secretion of gastric acid. It is possible that the solubility of zinc oxide could be improved by the concomitant addition of certain organic chelators (e.g. cysteine) (Desrosiers and Clydesdale, 1989). The estimated cost for zinc oxide is US$ 4.9 per kg compound compared to US$10.4 per kg for zinc sulphate.  Currently, zinc oxide and zinc sulphate, together with zinc chloride, zinc gluconate, and zinc stearate have been included in the list of compounds that are generally recognized as safe (GRAS) by the US Food and Drug Administration. Zinc acetate, however, is not GRAS approved. Nevertheless,

in a recent study of Turkish children with low initial serum zinc concentrations, bread was fortified with zinc acetate (2 mg Zn/kg body weight) (Kilic et al., 1998). Even at this high level of zinc fortification, the addition of zinc did not change the taste or appearance of the bread (Saldamli et al., 1996). Indeed, currently, there is no evidence that at the levels that might be used for fortification programs, zinc would have any adverse effects on the sensory properties of the food vehicles tested .



In November 2000, Vietnam, China, and four other Asian countries—Thailand Pakistan, Indonesia, and India—agreed to fortify wheat flour used for the preparation of leavened and unleavened breads, noodles, pastas, biscuits and other flour products with zinc, as well as riboflavin, thiamin, folic acid, and iron, although the forms of the fortificants were unspecified, with the exception of iron. However, because experience to date with zinc fortification is so limited, the absorption of different zinc fortificants in the wheat flour should be evaluated using radioisotopes or stable isotopes of zinc before selecting the zinc fortificant to use. Because the zinc fortificant is consumed with food, the impact of any adverse interaction between zinc and iron fortificants is likely to be negligible. The presence of the ligands in foods appears to minimize the inhibitory effect of iron on zinc absorption; zinc is chelated to a dietary ligand and thus absorbed by a pathway that is not affected by the concentration of iron in the gut (Sandstrom et al., 1985).



Very few foods have been fortified with copper even in industrialized countries, with the exception of infant formulas, dietary beverages, and restorative drinks for convalescents, and athletes. The forms of copper most frequently used in infant formulas have been the sulphate, chloride and oxide forms, although the European Union also permits the use of cupric citrate, cupric gluconate, cupric sulphate, cupric carbonate, and copper-lysine complex. For adult foods, copper gluconate has been most frequently used. 

However, because copper is a transition metal, with two valence states, it is a major pro-oxidant, so that even at low levels of fortification, the development of off-flavours arising from lipid oxidation may occur. This can be prevented by using copper gluconate incorporated into coated particles, which separates the copper from other components that may induce oxidation, while at the same time masking the flavour of copper itself. However this process is expensive, which may limit its use in many developing countries. More research needs to be undertaken to confirm whether the apparent deficits in copper in the available food supply per capita are associated with biochemical evidence of copper deficiency; limited data are available at the present time.



Information on the relative bioavailability of these different forms of copper in humans is limited. Most of the research has been conducted on both ruminant and non-ruminant animals because copper deficiency is a major problem among animals, especially in cattle and poultry. Results suggest that copper oxide may be less bioavailable than copper sulphate, probably because of its poor solubility,  but this requires confirmation.  Some dietary components are known to influence the bioavailability of copper, notably  high level of fructose, iron, and zinc, and according to some investigators, ascorbic acid. Unlike zinc, copper absorption does not appear to be inhibited by high levels of phytic acid. Antagonistic interactions between copper and iron or copper and zinc are not likely to be a problem in fortified foods.





4.6 Iodine



Potassium, or sometimes sodium or calcium iodide and iodate salts are used as iodine fortificants in salt. Potassium iodate (KIO3) is  59.5% iodine, whereas potassium iodide is 76.5% iodine.  The stability of iodine in salt is affected by the moisture content of the salt and ambient humidity, light, heat, and related factors, impurities in the salt, acidity or alkalinity of the mixture, and the form in which iodine is present (iodide or iodate). Potassium iodate is the fortificant of choice for salt that may be subjected to a humid environment and poor packaging because it is more stable, is less affected by oxidising impurities, and does not affect the organoleptic properties of the salt.  However, it is more expensive than potassium iodide (KI). Therefore, potassium iodide is sometimes used, with the addition of stabilisers such as sodium thiosulphate and calcium hydroxide and/or drying agents such as magnesium or calcium carbonate, to avoid decomposition of potassium iodide. Numerous studies have shown that salt iodised with either potassium iodate or potassium iodide has no effect on the organoleptic qualities of a wide range of food items, including canned vegetables, sauerkraut, white bread, pickled olives, potato chips, frankfurters, boiled potatoes or rice. Typically, when determining levels for fortifying salt with iodine, the average salt intake per capita is assume to be 10 g/day. Losses of iodine in salt between production and consumption are often assumed to be 20%, and losses during cooking a further 20%, resulting in a significant “overage” factor.



Development of double fortification of salt with iron and iodine has necessitated encapsulating the potassium iodide/iodate with dextrin to create a barrier between the iron and iodine compounds, because the acidic medium required for the stabilization of the iron compound causes the iodide/iodate to be oxidised rapidly to free iodine, which vaporises and is lost.  This product has been developed and tested in India.



Table 10. Summary of potential food vehicles and suggested fortificants  for each of the countries of the WPR

Country�Food vehicles�Micronutrient fortificants �� Brunei Daram�Rice or condiment�calcium, iron, marginal zinc�� Cambodia�Rice or condiment; seasoning powder for wheat noodles�thiamin, riboflavin, folate, iron, calcium, zinc, copper �� China�Wheat flour**; fish sauce�calcium, iron, zinc�� Fiji Islands�Wheat flour**�riboflavin, calcium, iron, marginal zinc�� Kiribati�Wheat flour?�riboflavin, folate, calcium, iron, marginal zinc�� Korea D.P.R.�Rice or condiment�vitamin B-12, calcium, iron, marginal zinc�� Korea Republic�Rice or condiment;

wheat flour?�calcium, iron �� Laos�Rice or condiment�riboflavin, folate, calcium, iron, zinc, copper�� Malaysia�Rice or condiment�calcium, iron, marginal zinc, copper�� Mongolia�Wheat flour�marginal thiamin, iron, calcium, copper �� New Caledonia�Wheat flour�calcium, iron�� New Zealand�Wheat flour�calcium, iron?�� Papua New Guinea�Rice�calcium, iron, marginal zinc�� Philippines�Rice; wheat flour*�riboflavin, calcium, iron, marginal zinc, copper�� Solomon Islands�Rice�riboflavin, calcium, iron, marginal zinc�� Vanuatu�Rice�riboflavin, calcium, iron�� Viet Nam�Rice condiment; wheat flour**�riboflavin, folate, calcium, iron, zinc, copper��

* already fortified but not enforced; ** proposed



Table 10 provides a summary of potential food vehicles for fortification based on the estimated daily per capita amounts of wheat and rice available in the food supply of each of the countries of the WPR, together with suggested fortificants. Note that vitamin A has not been included. Based on the use of retinol equivalents and comparison with the reference nutrient density goal for vitamin A derived from the FAO/WHO (1988), vitamin A should also be included as a fortificant in at least seven countries: the Solomon Islands, Kiribati, Laos, Viet Nam, Korea D.R.P., Vanuatu and Cambodia.  



5.0 Safety issues of the proposed fortificant levels



Several factors must be taken into account when selecting the type and level of the fortificant, some of which have been discussed earlier (Section 4.0). Obviously, when setting the fortification level, the toxic threshold levels for the micronutrients for normal apparently healthy individuals must be considered. In national fortification programmes the fortified food vehicle will be consumed by both adults and children, so that careful attention must be given to prevent excessive intakes of micronutrients by young children whose requirements are less, or adolescent boys with high energy intakes. 



The Institute of Medicine (2000, 2001) have recently set  tolerable upper intake levels (UL’s) for each micronutrient for specific life-stage groups. The IOM defines the UL as “the highest level of daily nutrient intake that is likely to pose no risk of adverse health effects for almost all individuals in the general population”. The UL does not apply to persons who may be undergoing medical treatment with the nutrient, or to persons with predisposing conditions that modify their sensitivity to the nutrient. It is derived from a risk assessment model, summarized in IOM (2001). The ULs apply to chronic daily use, and when adverse effects have been shown, are based on total intake of a nutrient from food (including fortificants), water, and dietary supplements. Alternatively, when there is evidence of adverse effects from intakes from supplements or food fortificants alone, then the UL is based on a nutrient intake from those sources alone. Different ULs may be set for various life-stage groups. 



Where possible, the ULs are based on a no-observed-adverse-effect level (NOAEL), defined as “the highest intake (or experimental oral dose) of a nutrient at which no adverse effects have been observed in the individuals studied” (IOM, 2001). In the absence of data allowing a NOAEL to be set,  then a lowest-observed-adverse-effect level (LOAEL)  is used. The selection of the NOAEL or LOAEL is based on scientific judgments, and the adverse effect chosen may vary with the life-stage group. In cases, where no data exist for a certain life-stage group, ULs may be based on the extrapolation of NOAELs or LOAELs from data, for example, from other age groups etc. When setting ULs, uncertainty factors (UF) are also applied, in an effort to take into account any gaps in the data or incomplete knowledge. ULs are calculated  by dividing the NOAEL (or LOAEL) by a single uncertainty factor (UF) that incorporates all relevant uncertainties.



The following section includes a brief discussion of the rational for the selection of the tolerable upper intake level (UL) set by the Institute of Medicine (IOM, 2001) for each of the nutrients listed in Table 6, and for which UL’s are available. For some nutrients such as thiamin, riboflavin, and vitamin B-12, an UL has not been determined because of insufficient data. The UL’s, although developed for the US population, can serve as a useful guide for total intake of nutrients from food (including fortificants) for various life-stage groups in countries of the WPR. Tables 11 and 12 summarize the UL’s for the nutrients listed in Table 6.





5.1 Basis for setting the upper tolerable levels for vitamin A 



Substantial data exist on the adverse effects of ingestion of large amount of preformed vitamin A. Manifestations of acute toxicity arising from doses (15,000 ug in adults, and proportionately less in children, have been described (Bendich and Langseth, 1989) but these adverse effects are usually transient.  Chronic hypervitaminosis A, arising from ingestion of large doses (30,000 ug/d for months or years has been associated with the following adverse effects: reduced bone mineral density; tetrogenicity; and liver abnormalities.  





Table 11: Summary of the tolerable upper intake levels for selected minerals for major life-stage groups. Data from IOM (1999; 2000; 2001).

�Calcium�Copper�Iodine�Iron�Zinc���md/d�ug/d�ug/d�mg/d�mg/d��Infants�������0-6 mo�ND�ND�ND�40�4��7-12 mo�ND�ND�ND�40�5��Children�������1-3 y�2500�1000�200�40�7��4-8 y�2500�3000�300�40�12��Males�������9-13 y�2500�5000�600�40�23��14-18 y�2500�8000�900�45�34��19-30 y�2500�10000�1100�45�40��31-50 y�2500�10000�1100�45�40��50-70 y�2500�10000�1100�45�40��> 70 y�2500�10000�1100�45�40��Females�������9-13 y�2500�5000�600�40�23��14-18 y�2500�8000�900�45�34��19-30 y�2500�10000�1100�45�40��31-50 y�2500�10000�1100�45�40��50-70 y�2500�10000�1100�45�40��> 70 y�2500�10000�1100�45�40��Pregnancy�������<=  18 y�2500�8000�900�45�34��19-30 y�2500�10000�1100�45�40��31-50 y�2500�10000�1100�45�40��Lactation�������<=  18 y�2500�8000�900�45�34��19-30 y�2500�10000�1100�45�40��31-50 y�2500�10000�1100�45�40��





�Table 12: Summary of the tolerable upper intake levels for selected vitamins for major life-stage groups. Data from IOM (1999; 2000; 2001).

�Folate�Riboflavin�Thiamin�Vitamin A�Vit. B12�Vitamin D���ug/d�mg/d�mg/d�ug/d�ug/d�ug/d��Infants��������0-6 mo�ND�ND�ND�600�ND�25��7-12 mo�ND�ND�ND�600�ND�25��Children��������1-3 y�300�ND�ND�600�ND�50��4-8 y�400�ND�ND�900�ND�50��Males��������9-13 y�600�ND�ND�1700�ND�50��14-18 y�800�ND�ND�2800�ND�50��19-30 y�1000�ND�ND�3000�ND�50��31-50 y�1000�ND�ND�3000�ND�50��50-70 y�1000�ND�ND�3000�ND�50��> 70 y�1000�ND�ND�3000�ND�50��Females��������9-13 y�600�ND�ND�1700�ND�50��14-18 y�800�ND�ND�2800�ND�50��19-30 y�1000�ND�ND�3000�ND�50��31-50 y�1000�ND�ND�3000�ND�50��50-70 y�1000�ND�ND�3000�ND�50��> 70 y�1000�ND�ND�3000�ND�50��Pregnancy��������<=  18 y�800�ND�ND�2800�ND�50��19-30 y�1000�ND�ND�3000�ND�50��31-50 y�1000�ND�ND�3000�ND�50��Lactation��������<=  18 y�800�ND�ND�2800�ND�50��19-30 y�1000�ND�ND�3000�ND�50��31-50 y�1000�ND�ND�3000�ND�50��

Of these adverse effects, tetrogenicity was selected as the critical adverse effect for setting the UL for women of child-bearing age (IOM, 2001).  Numerous animal studies and some epidemiological data  have shown relationships between excess intakes of vitamin A and reproductive risk. The most critical period for susceptibility appears to be the first trimester of pregnancy, and the primary birth defects that have been associated with excess intakes of vitamin A deficiency  are those of cranial neural crest (CNC) cell origin (e.g. cleft lip or palate). The UL is based on a NOAEL of 4,500 ug/d of preformed vitamin A from food and/or supplements, and an uncertainty factor of 1.5, based on interindividual variability in susceptibility.  This yields an UL of 3,000 ug /day for women of child-bearing age.





For all other adults, liver abnormalities characteristic of vitamin A intoxication (or grossly elevated hepatic vitamin A levels), in the absence of other predisposing confounding factors (e.g., alcohol intake, drugs, medication, viral hepatitis infection), are the basis for the critical adverse effect. For men 19 years and older, and for women 51 years and older, the UL is also 3,000 ug/d.  For infants and children,  case reports of hypervitaminosis A in infants were used to derive a LOAEL of 6,000 ug/d, from which an UL of 600 ug/d was derived by dividing the LOAEL by an UF of 10 for those aged 0–12 months. For children and adolescents, the UL’s were extrapolated from those for adults after adjusting on the basis of relative body weight, followed by rounding. This approach yields an UL for children aged 1–3 years of 600 ug/d, and 900 ug/d for those aged 4–8 years of age. For males and females aged 9–13 years, an UL of 1,700 ug/d is used, whereas for adolescents aged 14–18 years, an UL of 2,800 ug/d is recommended.

 

5.2 Basis for setting the upper tolerable levels for folate 



For a normal healthy population, folate is considered nontoxic, even at doses as high as several hundred times the requirement. Indeed, no adverse effects have been reported from excess intakes of folate from food, even when foods fortified with folate have been consumed (Butterworth and Tamura, 1989). The main concern about large doses of supplemental folate (e.g.. 5 mg/day) is that they may precipitate or exacerbate the neurological lesions of vitamin B-12 deficiency in persons with undiagnosed vitamin B-12 deficiency. This problem is known to exist in a substantial proportion of the population, notably the elderly, and possibly also in preschool children and pregnant women in developing countries where malabsorption is often induced by bacterial or parasitic infections. Indeed, large doses of folate may interfere with the diagnosis and treatment of vitamin B-12 deficiency in patients with pernicious anemia, because hematologic relapses can be prevented but not their neurologic lesions. Such neurological damage has been described in both animal and human studies. In countries where vitamin B-12 deficiency is likely, folate fortification may disguise vitamin B-12 deficiency. In such circumstance, it is advisable to add vitamin B-12 as well as folate to the fortificant premix, as discussed earlier in Sections 2.3.3 and 4.2. 



The critical adverse endpoint selected by the IOM for the basis of the UL for folate was the suggestive evidence that it masks neurological complications in people with vitamin B-12 deficiency. Hence, studies involving administration of folate to patients with vitamin B-12 deficiency manifested by neurological complications were reviewed by IOM (1999). Based on the available data, a LOAEL of 5 mg folate was set for all adults.  Above this level there were more than 100 cases of neurological progression, and below which the number of cases was very limited (n=8). The uncertainly factor selected was 5 yielding an UL of 1 mg/day of folate from supplements or fortified food.  A relatively large uncertainty factor (i.e., 5) was selected by the IOM (1999) because the neurological damage incurred is so severe and a LOAEL and not a NOAEL served as the basis for the UL. Consumption of folate at or above the UL is unlikely to produce any adverse effects in women of child-bearing age because of the very low prevalence of vitamin B-12 deficiency among this age group. The IOM (1999) does not specify an UL for folate for infants because of the lack of data on adverse effects in this age group, and cautions that the only source of folate for this age group should be from foods. For older children and adolescents, the UL for adults of 1 mg/d (or 1000 ug/d) was adjusted on the basis of reliable body weight, yielding an UL of 300 ug/d of folate from fortified foods or supplements for children aged 1–3 years, 400 ug/d for those aged 4–8 years, 600 ug/d for those aged 9–13 years and 800 ug/d for adolescents aged 14–18 years. For adult pregnant and lactating women, the IOM (1999) recommend using  the adult UL of 1mg/d (1000ug/d) because there is no evidence that they are more susceptible to adverse effects of high intakes of supplemental folate than adult men and women. 



There is no convincing evidence that excess intakes of vitamin B-12 from food or supplements in healthy persons is associated with any adverse effects, probably because such a small percentage of vitamin B-12 is actually absorbed from the gastrointestinal tract. As a result, the IOM (1999) did not set  a UL for vitamin B-12. 



5.3 Basis for the upper tolerable  levels for calcium 



The major adverse effects associated with excess intakes of calcium are kidney stone formation (nephrolithiasis), the syndrome of hypercalcemia and renal insufficiency with and without alkalosis, termed milk alkali syndrome (MAS), and the antagonistic interactions of calcium with the absorption of other essential inorganic nutrients. Of these, the critical endpoint selected for the basis of an UL for adults by the IOM (2000) was milk alkali syndrome, although the existence of hypercalciuria was also considered. From a review of the literature on calcium intakes associated with milk alkali syndrome,  the IOM suggested a LOAEL of 5 g per day for total calcium intake for adults derived from foods and supplements. Intakes of 300 to 2500 mg have not caused MAS. They cautioned that data were insufficient to identify a NOAEL per se, but highlighted the fact that in several studies calcium intakes of 1,500 to 2,400 mg/day used to treat or prevent osteoporosis, have not been associated with hypercalcaemic syndromes.  An uncertainty factor of 2 was recommended in view of the fact that 12% of the population in the US is estimated to have renal stones, and the reports of hypercalciuria on intakes of calcium as low as 1,700 mg and 870 mg in male and female patients respectively, with renal stones.  Hence, the estimated UL for calcium for adults 19 through 70 years is 2,500 mg/day. This is based on a LOAEL of 5 g/day divided by the UF of 2.  For toddlers, children, and adolescents, aged through 1 to 18 years, an UL of 2,500 mg/day is recommended for these life-stage groups.



5.4 Basis for the upper tolerable  levels for iron 



The adverse effects associated with excess intakes of iron are numerous. Both acute effects related to overdoses of medicinal iron, especially in children, gastrointestinal effects related to high-dose iron supplements, and an antagonistic interaction between iron and zinc resulting in a reduced absorption of zinc, have been described. In addition, secondary iron overload, eventually leading to organ damage associated with hemachromatosis, may occur. Increased levels of body iron have also been associated with cardiovascular disease and cancer, although evidence for a causal relationship between the level of dietary ion intake and risk of coronary heart disease and  cancer remains weak. In view of these uncertainties the IOM selected gastrointestinal distress as the adverse effect for setting the UL for iron for apparently healthy children and adults.



The IOM identified the LOAEL for total iron intake as approximately 70 mg/day, based on the results of a controlled, double-blind iron supplementation study by Frykman et al. (1994) and the estimated mean daily intake of dietary iron for adults of 11 mg/d. Insufficient data were available for identifying a NOAEL so that the LOAEL of 70 mg/d was used to derive a UL. An uncertainly factor (UF) of 1.5 was used resulting in an UL of 45 mg/d after rounding for adults aged < 70 years. This same level was used for pregnancy and lactation. For infants and young children, however, the available data indicated that a NOAEL of 40 mg/d was appropriate, which when divided by an UF of 1, yielded an UL of 40 mg/d. For adolescents, the adult UL of 45 mg/d was recommended. 



5.5 Basis for upper tolerable levels for zinc and copper 



Uncertainly still exists about the safe upper limit of zinc intake. Adverse effects, however, have occurred after chronic intakes of dietary supplements of zinc. They include: impairment of the immune response, decreasing high-density lipoprotein (HDL) cholesterol levels, and reduced copper status. Of these, the adverse effects of excess zinc on copper metabolism and copper status are the most consistent, and are the ones selected by the U.S IOM (2000) to set a LOAEL and, hence the UL’s.  Five studies have examined the effect of supplemental zinc on copper status, with doses ranging from 20 mg/d  to as high as 150–200 mg Zn/d (Burke et al., 1981; Boukaiba et al., 1993; Festa et al., 1985; Fischer et al., 1984;  Samman and Roberts, 1988; Yardrick et al., 1989). Of these, all have noted reduction in copper status, measured in three cases by a reduction in the activity of erythrocyte copper-zinc superoxide dismutase (ESOD) activity, a sensitive indicator of copper status. Nevertheless, the clinical significance of such reductions in ESOD activity are unknown. 



For adults  (19 years, the UL for zinc is based on a LOAEL of 60 mg/day, divided by an uncertainty factor of 1.5, resulting in an UL of 40 mg/day.  The study chosen for the basis of the LOAEL is that of Yadrick et al. (1989) who supplemented 18 healthy women (aged 20–40 years) with 50 mg Zn/day as Zn gluconate for ten weeks, and reported a significant decrease in erythrocyte SOD activity compared to pretreatment values. Unfortunately, zinc intake was not reported in this study, but assumed to be 10 mg/d.  A similar decrease in erythrocyte SOD activity was noted in adult men by Fischer et al. (1984) in response to 50 mg Zn/day. Note that WHO (1996) has recommended the consumption of no more than about 60 mg zinc per day.



For older infants (i.e., >6–12 mos), children, and adolescents, the UL for younger infants was used and adjusted on the basis of their relative body weight, using reference body weights published in IOM (2000).  The UL for infants is based on a NOAEL of 5.8 mg/L, derived from  a study in which US healthy, full-term infants were fed a zinc-supplemented formula (total zinc content was 5.8 mg/L) for six months. The NOAEL was then multiplied by the average intake of human milk for infants of 0.78 L/day, yielding a NOAEL of 4.5 mg/day. In view of the length of the study and the large number of infants

(n=68), an UF of 1.0 was used to calculate an UL of 4 mg/day (rounded down) for infants aged 0 to six months. For older infants, the UL is set at 5 mg/d, and for children aged 1–3 and 2–6 years, at 7 and 12 mg/d. respectively. For boys and girls aged 9–13 years, the UL for zinc is set at 23 mg/d, increasing to 34 mg/d for adolescents aged 14–18 years.



The long-term toxicity of copper is rare in humans unless they have a hereditary defect in copper homeostasis such as Wilson’s disease or children with Indian childhood cirrhosis (ICC) and idiopathic copper toxicosis (ICT) (Olivares and Uauy, 1996). Uncontrolled ingestion of soluble inorganic copper salts from beverages or drinking water can cause gastrointestinal effects such as abdominal pain, cramps, nausea, diarrhea and vomiting, even at levels of 4.8 mg/d (Pizarro et al., 1999).  At higher levels,  liver damage may occur, even in individuals with no known genetic defect in copper homeostasis (O’Donohue et al., 1993). 



Unlike highly ionized copper salts in drinking water and beverages, high levels of copper in food (e.g. about 10 mg/d) appear to have no detrimental effect on human health in persons with normal copper homeostasis (WHO, 1996).  The adverse effects of excessive consumption of copper that were used by the U.S. IOM (2001) to set the UL’s for copper were gastrointestinal distress and liver damage. For adults, the IOM (2001) set the NOAEL at 10 mg/day, based on normal liver function tests following consumption of 10 mg copper as copper gluconate capsules daily for 12 weeks (Pratt et al., 1985). They recommended an associated uncertainty factor of 1.0, resulting in an UL for copper for adults of 10 mg/day. This same UL is recommended for pregnant and lactating women. For children and adolescents, the adult UL of 10 mg/day was adjusted on the basis of relative body weight using reference weights, yielding a UL for children of 1 mg/d for those aged 1–3 years, 3 mg/d for those aged 4–8 years, and 5 mg/d for those aged 9–13 years. For adolescents 14–18 years, the IOM recommends an UL of  8 mg/d. 



5.6 Basis for setting upper tolerable levels for iodine and vitamin D



The adequacy of per capita iodine and vitamin D densities in the food supply of the countries of the Western Pacific Region were not evaluated in this report, in part because of the absence of food composition values for these two nutrients. Further, vitamin D is only required from the diet when climatic conditions and/or socio-cultural circumstances preclude people from being exposed to the ultraviolet light from the sun.  Nevertheless, rickets have been described in China and Mongolia, although its etiology is uncertain at this time. As well, goitre is still prevalent  in many of the countries of the WPR, despite the introduction of iodized salt in many countries.  Therefore, a brief discussion of the basis for the derivation of UL’s for vitamin D and iodine has  been included in this report to provide some guidance for implementation of targeted vitamin D supplementation or fortification  programmes in the future for certain high risk countries (possibly Mongolia and PRC) and for existing salt iodization programmes.



The existence of vitamin D toxicity from endogenous formation of vitamin D from sunlight irradiation of skin has never been reported, because the previtamin and vitamin D3 remaining in the skin are destroyed with continued exposure to ultraviolet irradiation (Holick, 1996). Several adverse effects have been described associated with hypervitaminosis D. These include hypercalcaemia mediated through the vitamin D-dependent increase in intestinal absorption of calcium and the enhanced resorption of bone, renal disease (independent of hypercalcaemia), and arteriosclerosis, although evidence for the latter disturbance in humans is uncertain. Of these disturbances,  hypercalcaemia was selected as the critical end-point for setting the UL by the IOM (2000). Hypercalcaemia was defined as a serum calcium level above 2.75 mmol/L (11 mg/d), normal levels ranging from 2.15 to 2.62 mmol/L. The IOM considered evidence from 18 humans studies on adults in which vitamin D intakes ranged from 800 to 300,000 IU/day; available animal data were not considered. Of these,  elevated serum/plasma calcium levels were associated with intakes of at least 50,000 IU (1,250 ug/d), and ranged from 2.82 to 4.00 mmol/L; multiple defects were reported. 



Based on data from a study in which 30 healthy adult males and females aged  21 to 60 years were supplemented with daily doses of vitamin D ranging from 400 (10 ug/d) to 3800 IU (95 ug/d) for three months, hypercalcaemia (i.e. serum calcium > 2.75 mmol/L) was only observed at the highest dose (i.e., 95 ug: 3800 IU/day) (Narang et al., 1984). Therefore, this dose of vitamin D was taken as the LOAEL, whereas for the NOAEL, a level of 60 ug (2400 IU/day) was used because at such a level, despite a significant rise, serum calcium still remained within the normal range. The uncertainty factor chosen by the IOM (2000) was 1.2, based on the small sample size (i.e., n=30) of the study by Narang et al. (1984) and the short duration of the study. This yielded  an UL for adults of 50 ug (2,000 IU) per day, a level which is supported by studies of Johnson et al. (1980) and Honkanen et al. (1990).



For infants, the critical end point used for derivation of the NOAEL for vitamin D was retarded linear growth (Jeans and Stearns, 1938; Fomon et al., 1966).  The IOM then applied an uncertainty factor of 1.8 to the NOAEL of 45 ug (1800 IU/day), resulting in an UL for infants aged 0–6 mos and 7–12 mos of 25 ug (1,000 IU) per day.  For toddlers, older children, and adolescents, the UL’s set by the IOM are those based on the adult data (i.e., 50 ug/d) in view of the increased rates of bone formation in these age groups, and the absence of age-specific data. Likewise for pregnant and lactating women, the adult UL of 50 ug/d was recommended for use and the lack of evidence for an increased sensitivity to vitamin D for these life-stage groups. Note that the IOM (2000) emphasized that these UL’s apply to healthy persons and not to those with certain disorders (e.g. Granulomatous diseases)  characterised by hypercalcaemia or hypercalciuria. 

 

Reports of adverse effects arising from excessive intakes of iodine from food are limited. However, there are some individuals for whom high intakes of iodine from food, water, and supplements have been associated with  thyroiditis, goiter, hypothyroidism, hyperthyroidism, sensitivity reactions, and thyroid papillary cancer. Acute responses associated with very high doses (i.e., many grams) such as burning of the mouth, throat, stomach, abdominal pain, fever, nausea, vomiting, diarrhea, weak pulse, cardiac irritability, coma, cyanosis and other symptoms, have also been reported, although rarely. 



The  IOM (2001) have based the UL for iodine for adults on the intake associated with thyroid dysfunction, as measured by elevated thyroid stimulating hormone (TSH) in countries where there is no history of inadequate intakes of iodine. Reports from countries where iodine deficiency occurs were not included because in such circumstances, the response of TSH to excess iodine is altered.   The UL for adults is based on a LOAEL value of 1,700 ug/d derived from data on two supplementation studies on adult men.  Results indicated that those men receiving iodine supplements of 1,500 ug/d (Gardner et al., 1988) and 4,500 ug/d (Paul et al., 1988) for two weeks showed significant increases in mean basal serum TSH concentrations, which were not reported with the lower doses. An uncertainty factor of 1.5 was applied to obtain an UL of 1,133 ug/d, which was rounded down to 1,100 ug/d. 



For infants, as for copper, no UL was set because of insufficient data whereas the ULs for children and adolescents were extrapolated from adult values on the basis of body weight using reference weights.  This yielded the following UL: children aged 1–3 years: 200 ug/d; 4–8 years: 300 ug/d; 9–13 years: 600 ug/d; adolescents 14–18 years : 900 ug/d. Note that the values for pregnant and lactating women are the same as those for nonpregnant and nonlactating women. The ICCIDD/UNICEF/WHO expert groups have concluded that an iodine intake of 1 mg (1000 ug) per day or less is probably safe for the majority of the population.



6.0 Conclusion



This report has identified the micronutrients likely to be inadequate in the available food supply of selected countries in the Western Pacific region, utilizing information on the nutrient densities from the available food supply per capita per day derived from 1999 Food Balance Sheet data. Vitamin D, iodine and vitamin C were not considered in this report. Of the micronutrients considered, the number with shortfalls ranged from seven for Cambodia to two for New Zealand, New Caledonia, and Korea Republic. Of the countries, two (Laos and Viet Nam) had six shortfalls: the Philippines and Kiribati five; Korea DRP, Fiji, Malaysia, Mongolia and Solomon Islands four; and Brunei Daram, China, Papua New Guinea and Vanuatu three. The most frequent micronutrient inadequacies noted were for calcium and iron (all the countries), followed by zinc (n=12), riboflavin (n=8), copper (n=6), folic acid (n=4), thiamin (n=2), and vitamin B-12 (n=1). Some of these nutrient inadequacies have been confirmed by reports of deficiencies based on biochemical and/or clinical indicators in some of the countries. No data have been found on copper, folic acid, and  vitamin B-12 status. 



Note that the data on vitamin A supply per capita generated in this report were based on retinol equivalents calculated assuming the conversion factors given in FAO/WHO (1988) and not on retinol activity equivalents (RAE) using the new bioconversion factors for dietary provitamin A carotenoids. Comparison with the reference vitamin A density per capita (based on retinol equivalents), reveals seven countries had potential shortfalls in vitamin A. These were: Solomon Islands, Kiribati, Laos, Viet Nam, Korea D.P.R. Vanuatu, and Cambodia. However, if RAE had been used, the vitamin A activity for the provitamin A carotenoids would have been half of that obtained using the earlier conversion factors, so that even more countries would have the potential for deficits. 



The potential for using wheat flour or rice as food vehicles for fortification in the countries of the WPR was identified from the food commodity supply data in the food balance sheets. Fortification of wheat flour, a readily fortifiable food vehicle at the national level, would probably provide reasonable coverage in Fiji, China, and Mongolia. By contrast, the daily per capita amount of wheat available for consumption in Cambodia, Laos, Papua New Guinea, Philippines, Solomon Islands, Vanuatu and Viet Nam is probably too low for a national micronutrient fortification programme based on wheat to have sufficient coverage to prevent micronutrient deficiencies in these countries.



Rice provides approximately 50% or more of the total energy supply for four of the countries: Cambodia, China, Laos, and Viet Nam, with daily per capita supply of being greater than 450 g/day, with the exception of China (250. g/d). However, fortification of rice is still technically difficult and expensive, and hence is not yet feasible for national fortification programmes. Instead, fortification of condiments is recommended for these countries: fish or soy sauce for China, and fish sauce for Viet Nam and Cambodia. Vegetable oils are an excellent vehicle for vitamin A (and D) and have already been recommended for use in Cambodia.



Continued efforts should be made to fortify the major food vehicle selected for each country within the WPR with multiple micronutrients, taking into account the shortfalls specific for each country in the region. When folic acid is to be added in the fortificant premix, consideration should be given to adding vitamin B-12 as well.



The bioavailability of the fortificants selected should be quantified in the candidate food vehicle using radioisotope or stable isotope studies before the final selection of the fortificant and food vehicle is made. Efficacy trials should then be conducted to confirm that the food vehicle and form and level of the fortificant do indeed enhance the micronutrient status of a high risk group, before any programmes are initiated.Once the fortification programme is in place, its effectiveness should be monitored and evaluated using both biochemical and functional indices of micronutrient status.  Finally, quality assurance programmes must be developed in each country of the WPR to ensure the quality of the fortified food products from production to consumption. Currently such programmes do  not exist or in some cases, the regulations are not enforced. 
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�Appendix



Table A1: Prevalence of biochemical and clinical indicators of iodine deficiency in countries of Western Pacific Region

Country�% TGR School Children�% TGR Adults �Other��Cambodia�12% Goitre 8-12y 1997, 45% in some areas����China�20% Goitre 8-12y pop 1995

10% Goitre 8-12y pop 1997

mean UI =300ug/L�� ��Fiji�48% School 1994 in Suva and Basigatoka�49% in pregnant women 1994 in Suva and Basigatoka���French Polynesia���Linked to high level of Iodine supply��Lao PDR�95% of school children “at risk” to IDD with 65% “severe” IDD����Malaysia�7-10 1995 2.2% goitre but in Sabah 18% in children 8-10y.   In Sarawak in 1997 TGR= 0.5%����Mongolia �1992-95 7-14y 28% with goitre.   95/96 28% with goitre�95/96 31% women of child-bearing age with goitre�Median UI level in sch.children = 150 mg/L��New Caledonia���Probable presence of goitre in pop.��New Zealand�2% children 8-10 y (n=307) with thyroid vol > ULN (“99)��Median UI level in School children  8-10y = 6.6ug/dL��Papua New Guinea�4.6% Goitre in 8-10y Highlands 1997����Philippines�6.9% Goitre in >7y 1993 (pop)����Viet Nam�9.9 to 43.7% school children 1994/5��1993 UI values, 16% severe, 45% moderate and 23% mild.  1998 Nat. Surv  44% of women had low UI levels (<10ug/dL)��TGR: Total Goitre Rate; IDD; Iodine Deficiency Disorders;  UI: Urinary Iodine level



No recent data for iodine appears to be available for: American Samoa, Brunei Darussalem, Cook Islands,  Guam, Japan, Kiribati, Republic of Korea, Marianas, Marshal Islands, Fed. States of Micronesia, Nauru, New Zealand, Niue, Palau, Samoa, Singapore, Solomon Islands, Tonga, Tokelau, Tovalu, Vanuatu



�Table A2: Prevalence of biochemical and clinical indicators of vitamin A deficiency in countries of Western Pacific Region

Country�Serum retinol�Night Blindness�Other��Australia���Pop Vit A intake data for 1995 available ��Cambodia��3.6% (24-59m), 9.9% of mothers 1998���China���In 1992 mean intake of vitA = 62% of Chinese RDA ��French Polynesia���In 1995 Vit A intake of adults exceeded requirements��Kiribati���0.8% “Vit A Defic” 0-14y   0.6% “Vit A Defic” in adults 1996��Lao PDR��0.7% (24-71m) 1995.  5% women of CBA, 5.4% lactating women,

12% pregnant women���Malaysia�21% undernourished children <1.05umol/L 1996??����Marianas�61% 3-5y 0.35—1.05umol/L  1994����Marshall Islands�8% <0.35umol/L 55% <0.7umol/L 1-5y 1994-95 ����Federated States of Micronesia�7% <0.35umol/L 44% <0.7umol/L 2-5y 1994 in Pohnpei.

20.4% <0.7umol/L 24-59m 2000 in Yap & Kosrae (CDC + UNICEF)��17% 1994, 10%1997 of occular signs in Pohnpei��Mongolia ��4.5% children 1992--94�0.8% children clinical signs 1992--94��New Zealand���2.1%M, 1.6%F adults have “inadequate intakes of Vit A.  ��Papua New Guinea�10% <6y Madang, 15% <6y Sepic,  9.1% <6y W Highlands had <0.7umol/L 1994�0.9% (pre-school.) 1996-98���Philippines�10% <0.7umol/L  pop 1993�1.1% pop 1993�Bitot’s spots 0.1%pop 1993��Palau���Possible inadequate intakes of Vit A��Solomon Islands��0.52%pop !991�Bitot’s spots

1.42% pop 1991��Tovalu���1991 survey suggests vit A def. Not sig.��Vanuatu���V Rare xerophthalmia��Viet Nam�10% <5y 0.35—0.70umol/L

49% <5y 0.70—1.05umol/L 1997.�0.05% <5y 1994, 0.2% <5y 0.9% Preg. & Lact women NNS 1998�Corneal scars 0.5% <5y 1994 Bitot’s spots 0.05% <5y 1994��

No recent data for vitamin A appears to be available for: American Samoa, Brunei Darussalem, Cook Islands, Fiji, Guam, Japan, Republic of Korea, Nauru, New Caledonia, Niue, Samoa, Singapore, Tonga, Tokelau�Table A3: Prevalence of anaemia in countries of Western Pacific Region



Country�% Pregnant women with Hb < 11g/dL�% Non-preg. Women with Hb < 12g/dL�% Children <5 y with Hb < 11 g/dL�

Other information��American Samoa�20% ��65% of infants 1993-94���Brunei Darussalam�39% 1995-96 Nat Surv���of 39%, 25% mild, 13% mod, <1% severe��Cambodia�74% 1998�69% 1998�82% 1998���China������Cook Islands:��37% 1986����Fiji�62% Indian, 52% Fijian 1993;  40% sub-national 1998�32% pop 1993�39% 1993�22% male pop <13g/dL 1993��French Polynesia�26% Urban 1996��43% (1-2y) <10g/dL date?�No territorial survey?��Hong Kong�1.4% 1998�����Japan��20-49y  20% <12g/dL 1997 ����Kiribati��0.84% (15-44y) 1996�0.2% (0-14y) 1996���Rep. Of Korea���13% (0-14y) 1995�9.2% of tot. pop. 1995 Nat. Nut. Survey ��Lao PDR�28% (<12g/dL) Vientiane 1997�42% subnational 1995�70% rural schoolchild���Malaysia�4.6% (<9g/dL)  1998�19% adolescent 1994�12-83% 1994 schoolchildren

Sabah 1996 31% schoolch <11.6g/dL���Marianas���10% (3-4y) 1996���Marshall Islands�44% 1993�26% 1991�39% (<6y), 26% (7-12y), 50% (13-14y)  1991�43% lactating women 1993 ��Fed States of Micronesia��40% date? �40% Chuukese child. (date?) 33% (2-4y) 1994 Pohhnpei���Mongolia �20% NRC 1998��37% NRC 1998���Nauru���1% of school children 1998���New Caledonia���1992 0-4y in hospital 70+%���New Zealand��3% (13-15y) �7% (0-2y) Caucasian���Niue����“mild” anaemia in Children <5 1987��Papua New Guinea�45% <10g/dL in Port Moresby 1992-93��1996-97 35% W.Highlands

83% Madang

91% Sepik���Philippines������Palau�5.1% 1998��1.2% 1997���Samoa�56% 1996���antenatal check-up��Singapore�15% 1993���at delivery��Solomon Islands�30% 1989�29% 1989��1989 Nat Nut Survey��Tonga�28% (15-19y), 31% (20-29y), 55% (30-39y), 43% (40-49y) �37% 1986��Lactating 46% (15-19y), 42% (20-29y), 37% (30-39y), 21% (40-49y) ��Tovalu��23% 1983��77% school children 1983��Vanuatu�57% 1996���60% Lactating women. Rural > Urban��Viet Nam�52% rural 1997 NIN�41% rural 1997 NIN�1995 PAMM 45% (<5y) 1995 NIN rural 24% in M; 19% F school -children  ���Wallis & Futuna ����“Nutritional anaemia is rare”��

No recent data for anaemia appears to be available for: Guam and  Tokelau



�Table A4. Estimated daily per capita amounts of carbohydrate, fibre, and phytate  in the food supply of countries in the Western Pacific Region. Data computed from FAO Food Balance Sheets, year 1999

�Carbohydrate�Dietary fibre�Phytate��Country�(g)�(g)�(mg)�� Brunei Daram�465�31.7�2245�� Cambodia�390�  9.6�1727�� China�475�34.4�2093�� Fiji Islands�410�26.4�1757�� Kiribati�428�37.4�1281�� Korea D.P.R.�379�36.8�2452�� Korea Rep.�505�38.7�2141�� Laos�423�16.4�2097�� Malaysia�447�18.8�1527�� Mongolia�240�11.0�  798�� New Caledonia�350�24.3�1314�� New Zealand�415�32.3�1142�� Papua New Guinea�409�38.2�  926�� Philippines�416�19.1�1381�� Solomon Is�409�35.0�1355�� Vanuatu�419�36.1�1419�� Viet Nam�488�16.2�2022��             �Table A5. Estimated daily per capita amounts of vitamins in the food supply of countries in the Western Pacific Region. Data computed from FAO Food Balance Sheets, year 1999

�    �      �Ribo- �     �     ���Country�Vit.A�Thiamin�flavin�Niacin�Folate�Vit.B-12���(RE)�(mg)�(mg)�(NE)�(ug)�(ug)�� Brunei Daram�1262�1.29�1.47�48.1�282�5.4�� Cambodia�  367�0.58�0.56�23.3�  97�1.9�� China�  707�1.72�1.61�53.5�363�4.6�� Fiji Islands�  589�1.01�1.03�41.3�274�6.1�� Kiribati�  200�1.18�0.86�42.3�220�4.6�� Korea D.P.R.�  246�1.46�1.09�35.5�382�1.4�� Korea Rep.�1010�1.58�1.65�51.8�438�6.4�� Laos�  180�0.82�0.75�28.2�166�2.0�� Malaysia�1601�1.06�1.41�48.7�244�8.2�� Mongolia�  885�0.67�1.35�43.3�181�11.3�� New Caledonia�1235�1.09�1.79�49.0�303�12.6�� New Zealand�  972�1.44�1.86�56.3�344�9.1�� Papua New Guinea�  759�1.42�1.27�30.4�349�3.6�� Philippines�  537�1.05�0.99�35.0�210�4.4�� Solomon Is�  105�1.26�1.04�32.0�320�3.0�� Vanuatu�  493�1.61�1.04�41.3�318�5.9�� Viet Nam�  247�0.94�0.86�33.7�180�2.9��     

Note: Data for vitamin A are based on earlier conversion factors used  for absorption and bioconversion of provitamin A carotenoids. New equivalency values have recently been set that result in a vitamin A activity for the provitamin A carotenoids that is half of that obtained using the earlier factors. Hence, the vitamin A values presented here are too high. �Table A6. Estimated daily per capita amounts of calcium and trace minerals in the food supply of countries in the Western Pacific Region. Data computed from FAO Food Balance Sheets, year 1999

Country�Calcium�Iron�Zinc�Copper���(mg)�(mg)�(mg)�(mg)��Brunei Daram�480�14.4�10.7�1.6��Cambodia�113�  4.8�  6.4�0.7��China�432�11.5�10.0�1.5��Fiji Islands�322�11.3�  8.8�1.5��Kiribati�263�10.6�  7.5�1.7��Korea D.P.R.�371�11.8�  7.7�1.3��Korea Rep.�590�12.0�  9.8�1.6��Laos�183�  7.3�  7.3�0.9��Malaysia�380�  9.5�  8.6�1.1��Mongolia�488�  7.7�10.0�0.7��New Caledonia�592�11.1�  9.2�1.5��New Zealand�630�11.0�10.3�1.5��Papua New Guinea�362�  9.3�  6.8�1.8��Philippines�260�  6.8�  6.7�1.0��Solomon Is�284�10.7�  7.2�2.2��Vanuatu�270�13.4�  9.9�2.5��Viet Nam�188�  6.7�  7.9�1.0��       �Table A7. Estimated daily per capita amounts of energy, vitamin A, and vitamin A density in the food supply of countries in the Western Pacific Region. Data sorted by increasing density. Data computed from FAO Food Balance Sheets, year 1999

���Vitamin A��Country�Energy�Vitamin.A�density���(kcal)�(RE)�(RE/1000 kcal)�� Solomon Is�2223�  105�  47�� Kiribati�2978�  200�  67�� Laos�2152�  180�  84�� Viet Nam�2556�  247�  96�� Korea D.P.R.�2093�  246�117�� Vanuatu�2760�  493�179�� Cambodia�1995�  367�184�� Fiji Islands�2929�  589�201�� Philippines�2355�  537�228�� China�3040�  707�233�� New Zealand�3150�  972�309�� Korea Rep.�3075�1010�329�� Papua New Guinea�2186�  759�347�� New Caledonia�2746�1235�450�� Mongolia�1964�  825�451�� Brunei Daram�2779�1262�454�� Malaysia�2941�1601�544��

Note: Data for vitamin A are based on earlier conversion factors used  for absorption and bioconversion of provitamin A carotenoids. New equivalency values have recently been set that result in a vitamin A activity for the provitamin A carotenoids that is half of that obtained using the earlier factors. Hence, the vitamin A values presented here are too high in absolute terms.    However, the reference goal for Vitamin A (190 RE/1000kcal (Beaton 1995)) was also calculated using these earlier conversion factors.�Table A8. Estimated daily per capita amounts of energy, thiamin, and thiamin density in the food supply of countries in the Western Pacific Region. Data sorted by increasing density. Data computed from FAO Food Balance Sheets, year 1999

���Thiamin��Country�Energy�Thiamin�density���(kcal)�(mg)�(mg/1000 kcal)�� Cambodia�1995�0.58�0.29�� Mongolia�1964�0.67�0.34�� Fiji Islands�2929�1.01�0.35�� Malaysia�2941�1.06�0.36�� Viet Nam�2556�0.94�0.37�� Laos�2152�0.82�0.38�� Kiribati�2978�1.18�0.40�� New Caledonia�2746�1.09�0.40�� Philippines�2355�1.05�0.45�� New Zealand�3150�1.44�0.46�� Brunei Daram�2779�1.29�0.47�� Korea Rep.�3075�1.58�0.51�� China�3040�1.72�0.57�� Solomon Is�2223�1.26�0.57�� Vanuatu�2760�1.61�0.58�� Papua New Guinea�2186�1.42�0.65�� Korea D.P.R.�2093�1.46�0.70��      

Note: The reference goal for Thiamin is 0.35 mg/1000 kcal (Beaton 1995).�Table A9. Estimated daily per capita amounts of energy, riboflavin, and riboflavin denisty in the food supply of countries in the Western Pacific Region. Data sorted by increasing density. Data computed from FAO Food Balance Sheets, year 1999

���Riboflavin��Country�Energy�Riboflavin�density���(kcal)�(ug)�(ug/1000 kcal)�� Cambodia�1995�0.56�0.28�� Kiribati�2978�0.86�0.29�� Viet Nam�2556�0.86�0.33�� Laos�2152�0.75�0.35�� Fiji Islands�2929�1.03�0.35�� Vanuatu�2760�1.04�0.38�� Philippines�2355�0.99�0.42�� Solomon Is�2223�1.04�0.47�� Malaysia�2941�1.41�0.48�� Korea D.P.R.�2093�1.09�0.52�� Brunei Daram�2779�1.47�0.53�� China�3040�1.61�0.53�� Korea Rep.�3075�1.65�0.54�� Papua New Guinea�2186�1.27�0.58�� New Zealand�3150�1.86�0.59�� New Caledonia�2746�1.79�0.65�� Mongolia�1964�1.35�0.69��        

Note: The reference goal for Riboflavin is 0.48mg/1000 kcal (Beaton, 1995)�Table A10. Estimated daily per capita amounts of energy, niacin, and niacin density in the food supply of countries in the Western Pacific Region. Data sorted by increasing density. Data computed from FAO Food Balance Sheets, year 1999

���Niacin��Country�Energy�Niacin�density���(kcal)�(NE)�(NE/1000 kcal)�� Cambodia�1995�23.3�11.68�� Laos�2152�28.2�13.09�� Viet Nam�2556�33.7�13.19�� Papua New Guinea�2186�30.4�13.89�� Fiji Islands�2929�41.3�14.09�� Kiribati�2978�42.3�14.21�� Solomon Is�2223�32.0�14.39�� Philippines�2355�35.0�14.85�� Vanuatu�2760�41.3�14.96�� Malaysia�2941�48.7�16.56�� Korea Rep.�3075�51.8�16.84�� Korea D.P.R.�2093�35.5�16.96�� Brunei Daram�2779�48.1�17.33�� China�3040�53.5�17.60�� New Caledonia�2746�49.0�17.83�� New Zealand�3150�56.3�17.87�� Mongolia�1964�43.3�22.04�� 

Note:  The reference goal for Niacin is 6.5 NE/1000 kcal (Beaton 1995)�Table A11. Estimated daily per capita amounts of energy, folate, and folate density in the food supply of countries in the Western Pacific Region. Data sorted by increasing density. Data computed from FAO Food Balance Sheets, year 1999

���Folate��Country�Energy�Folate�density���(kcal)�(ug)�(ug/1000 kcal)�� Cambodia�1995� 97�  49�� Viet Nam�2556�180�  70�� Kiribati�2978�220�  74�� Laos�2152�166�  77�� Malaysia�2941�244�  83�� Philippines�2355�210�  89�� Mongolia�1964�181�  92�� Fiji Islands�2929�274�  94�� Brunei Daram�2779�282�101�� New Zealand�3150�344�109�� New Caledonia�2746�303�110�� Vanuatu�2760�318�115�� China�3040�363�119�� Korea Rep.�3075�438�142�� Solomon Is�2223�320�144�� Papua New Guinea�2186�349�160�� Korea D.P.R.�2093�382�182��     

Note: The reference goal for Folate is 80 ug/1000kcal (Beaton 1995)�Table A12. Estimated daily per capita amounts of energy, vitamin B-12, and vitamin B-12 density in the food supply of countries in the Western Pacific Region. Data sorted by increasing density. Data computed from FAO Food Balance Sheets, year 1999

���Vitamin B-12��Country�Energy�Vitamin B-12�density���(kcal)�(ug)�(ug/1000 kcal)�� Korea D.P.R.�2093�  1.4�0.65�� Laos�2152�  2.0�0.91�� Cambodia�1995�  1.9�0.93�� Viet Nam�2556�  2.9�1.12�� Solomon Is�2223�  3.0�1.36�� China�3040�  4.6�1.52�� Kiribati�2978�  4.6�1.54�� Papua New Guinea�2186�  3.6�1.66�� Philippines�2355�  4.4�1.86�� Brunei Daram�2779�  5.4�1.93�� Korea Rep.�3075�  6.4�2.07�� Fiji Islands�2929�  6.1�2.08�� Vanuatu�2760�  5.9�2.15�� Malaysia�2941�  8.2�2.79�� New Zealand�3150�  9.1�2.89�� New Caledonia�2746�12.6�4.57�� Mongolia�1964�11.3�5.73��       

Note:  The reference goal for vitamin B-12 is 0.8ug/1000kcal (Beaton 1995)�Table A13. Estimated daily per capita amounts of energy, calcium, and calcium density in the food supply of countries in the Western Pacific Region. Data sorted by increasing density. Data computed from FAO Food Balance Sheets, year 1999

���Calcium��Country�Energy�Calcium�density���(kcal)�(mg)�(mg/1000 kcal)�� Cambodia�1995�113�  57�� Viet Nam�2556�188�  74�� Laos�2152�183�  85�� Kiribati�2978�263�  88�� Vanuatu�2760�270�  98�� Fiji Islands�2929�322�110�� Philippines�2355�260�111�� Solomon Is�2223�284�128�� Malaysia�2941�380�129�� China�3040�432�142�� Papua New Guinea�2186�362�165�� Brunei Daram�2779�480�173�� Korea D.P.R.�2093�371�177�� Korea Rep.�3075�590�192�� New Zealand�3150�630�200�� New Caledonia�2746�592�215�� Mongolia�1964�488�248��     

Note: The reference goal for calcium is 350 mg/1000kcal (Beaton 1995)�Table A14. Estimated daily per capita amounts of energy, iron, and iron density in the food supply of countries in the Western Pacific Region. Data sorted by increasing density. Data computed from FAO Food Balance Sheets, year 1999

���Iron��Country�Energy�Iron�density���(kcal)�(mg)�(mg/1000 kcal)�� Cambodia�1995�  4.8�2.40�� Viet Nam�2556�  6.7�2.62�� Philippines�2355�  6.8�2.90�� Malaysia�2941�  9.5�3.23�� Laos�2152�  7.3�3.38�� New Zealand�3150�11.0�3.49�� Kiribati�2978�10.6�3.55�� China�3040�11.5�3.78�� Fiji Islands�2929�11.3�3.86�� Korea Rep.�3075�12.0�3.90�� Mongolia�1964�  7.7�3.93�� New Caledonia�2746�11.1�4.05�� Papua New Guinea�2186�  9.3�4.24�� Solomon Is�2223�10.7�4.81�� Vanuatu�2760�13.4�4.84�� Brunei Daram�2779�14.4�5.17�� Korea D.P.R.�2093�11.8�5.62��        

Note:  The reference goal for iron is 18mg/1000kcal for a low-bioavailability diet and 9 mg/1000kcal for a medium bioavailability diet (Beaton, 1995).�Table A15. Estimated daily per capita amounts of energy, zinc, and zinc density in the food supply of countries in the Western Pacific Region. Data sorted by increasing density. Data computed from FAO Food Balance Sheets, year 1999

���Zinc�Phytate:Zinc��Country�Energy�Zinc�density�molar���(kcal)�(mg)�(mg/1000 kcal)�ratio�� Kiribati�2978�  7.5�2.5�17�� Philippines�2355�  6.7�2.9�20�� Malaysia�2941�  8.6�2.9�18�� Fiji Islands�2929�  8.8�3.0�20�� Papua New Guinea�2186�  6.8�3.1�14�� Viet Nam�2556�  7.9�3.1�25�� Korea Rep.�3075�  9.8�3.2�22�� Cambodia�1995�  6.4�3.2�27�� Solomon Is�2223�  7.2�3.2�19�� New Zealand�3150�10.3�3.3�11�� China�3040�10.0�3.3�21�� New Caledonia�2746�  9.2�3.4�14�� Laos�2152�  7.3�3.4�28�� Vanuatu�2760�  9.9�3.6�14�� Korea D.P.R.�2093�  7.7�3.7�31�� Brunei Daram�2779�10.7�3.9�21�� Mongolia�1964�10.0�5.1�  8��         

Note:  The reference goal for zinc is 10mg/1000kcal for a low-bioavailability diet, 2.9 mg/1000kcal for a medium bioavailability diet, and 1.8 mg/1000kcal for a high-bioavailability diet (Beaton, 1995).�Table A16. Estimated daily per capita amounts of energy, copper, and copper density in the food supply of countries in the Western Pacific Region. Data sorted by increasing density. Data computed from FAO Food Balance Sheets, year 1999

���Copper��Country�Energy�Copper�density���(kcal)�(mg)�(mg/1000 kcal)�� Cambodia�1995�0.7�0.36�� Mongolia�1964�0.7�0.38�� Viet Nam�2556�1.0�0.38�� Malaysia�2941�1.1�0.39�� Philippines�2355�1.0�0.42�� Laos�2152�0.9�0.44�� New Zealand�3150�1.5�0.47�� China�3040�1.5�0.48�� Fiji Islands�2929�1.5�0.50�� Korea Rep.�3075�1.6�0.53�� New Caledonia�2746�1.5�0.55�� Kiribati�2978�1.7�0.56�� Brunei Daram�2779�1.6�0.57�� Korea D.P.R.�2093�1.3�0.61�� Papua New Guinea�2186�1.8�0.83�� Vanuatu�2760�2.5�0.90�� Solomon Is�2223�2.2�0.97��

Note:  The reference goal for copper is 0.5mg/1000kcal (Beaton, 1995).









�Table A17. Estimated energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: Brunei Daram

           Reference goals from Beaton (1995).

Dietary Component �Ref. Goal�Amount��Energy (kcal) ��2779��Protein (g) ��85.7��Fat (g) ��67.5��Carbohydrate (g) ��465��Dietary fibre (g) ��32��Phytate (mg) ��2245��Vitamin A (RE)��1262��Thiamin (mg) ��1.3��Riboflavin (mg) ��1.5��Niacin (NE) ��48.1��Folate (ug) ��282��Vitamin B-12 (ug) ��5.4��Calcium (mg) ��480��Iron (mg) ��14.4��Zinc (mg) ��10.7��Copper (mg) ��1.6��Vitamin A density (RE/1000 kcal)  �190 �454��Thiamin density (mg/1000 kcal)  �0.35�0.5��Riboflavin density (mg/1000 kcal) �0.48�0.5��Niacin density (NE/1000 kcal) �6.5�17.3��Folate density (ug/1000 kcal) �80�101��Vitamin B-12 (ug/1000 kcal) �0.8�1.9��Calcium density (mg/1000 kcal) �350�173��Iron density (mg/1000 kcal) �18(L), 9(M)�5.2��Zinc density (mg/1000 kcal)�10(L), 2.9 (M)�3.9��Copper density (mg/1000 kcal) �0.5�0.6�� �           Table A18. Estimated Energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: Cambodia

 Reference goals from Beaton (1995).

 

Dietary Component �Ref.Goal�Amount��Energy (kcal) ��1995��Protein (g) ��42.9��Fat (g) ��26.0��Carbohydrate (g) ��390��Dietary fibre (g) ��10��Phytate (mg) ��1727��Vitamin A (RE)��367��Thiamin (mg) ��0.6��Riboflavin (mg) ��0.6��Niacin (NE) ��23.3��Folate (ug) ��97��Vitamin B-12 (ug) ��1.9��Calcium (mg) ��113��Iron (mg) ��4.8��Zinc (mg) ��6.4��Copper (mg) ��0.7��Vitamin A density (RE/1000 kcal) �190 �184��Thiamin density (mg/1000 kcal) �0.35�0.3��Riboflavin density (mg/1000 kcal) �0.48�0.3��Niacin density (NE/1000 kcal) �6.5�11.7��Folate density (ug/1000 kcal) �80�49��Vitamin B-12 (ug/1000 kcal) �0.8�0.9��Calcium density (mg/1000 kcal) �350�57��Iron density (mg/1000 kcal) �18(L), 9(M)�2.4��Zinc density (mg/1000 kcal) �10(L), 2.9 (M)�3.2��Copper density (mg/1000 kcal) �0.5�0.4�� �           Table A19. Estimated Energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: China

 Reference goals from Beaton (1995).



Dietary Component �Ref. Goal�Amount��Energy (kcal) ��3039.6��Protein (g) ��92.1��Fat (g) ��79.2��Carbohydrate (g) ��475��Dietary fibre (g) ��34��Phytate (mg) ��2093��Vitamin A (RE)��707��Thiamin (mg) ��1.7��Riboflavin (mg) ��1.6��Niacin (NE) ��53.5��Folate (ug) ��362��Vitamin B-12 (ug) ��4.6��Calcium (mg) ��432��Iron (mg) ��11.5��Zinc (mg) ��10.0��Copper (mg) ��1.5��Vitamin A density (RE/1000 kcal) �190 �233��Thiamin density (mg/1000 kcal) �0.35�0.6��Riboflavin density (mg/1000 kcal) �0.48�0.5��Niacin density (NE/1000 kcal) �6.5�17.6��Folate density (ug/1000 kcal) �80�119��Vitamin B-12 (ug/1000 kcal) �0.8�1.5��Calcium density (mg/1000 kcal) �350�142��Iron density (mg/1000 kcal) �18(L), 9(M)�3.8��Zinc density (mg/1000 kcal) �10(L), 2.9 (M)�3.3��Copper density (mg/1000 kcal) �0.5�0.5��

� Table A20. Estimated Energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: Fiji Islands

 Reference goals from Beaton (1995).



Dietary Component �Ref. Goal�Amount��Energy (kcal) ��2929��Protein (g) ��75.4��Fat (g) ��107.7��Carbohydrate (g) ��410��Dietary fibre (g) ��26��Phytate (mg) ��1757��Vitamin A (RE)��589��Thiamin (mg) ��1.0��Riboflavin (mg) ��1.0��Niacin (NE) ��41.3��Folate (ug) ��274��Vitamin B-12 (ug) ��6.1��Calcium (mg) ��322��Iron (mg) ��11.3��Zinc (mg) ��8.8��Copper (mg) ��1.5��Vitamin A density (RE/1000 kcal) �190 �201��Thiamin density (mg/1000 kcal) �0.35�0.3��Riboflavin density (mg/1000 kcal) �0.48�0.4��Niacin density (NE/1000 kcal) �6.5�14.1��Folate density (ug/1000 kcal) �80�94��Vitamin B-12 (ug/1000 kcal) �0.8�2.1��Calcium density (mg/1000 kcal) �350�110��Iron density (mg/1000 kcal) �18(L), 9(M)�3.9��Zinc density (mg/1000 kcal) �10(L), 2.9 (M)�3.0��Copper density (mg/1000 kcal) �0.5�0.5��� Table A21. Estimated Energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: Kiribati

           Reference goals from Beaton (1995). 



Dietary Component �Ref. Goal�Amount��Energy (kcal) ��2978��Protein (g) ��75.4��Fat (g) ��108.4��Carbohydrate (g) ��428��Dietary fibre (g) ��37��Phytate (mg) ��1282��Vitamin A (RE)��200��Thiamin (mg) ��1.2��Riboflavin (mg) ��0.9��Niacin (NE) ��42.3��Folate (ug) ��220��Vitamin B-12 (ug) ��4.6��Calcium (mg) ��263��Iron (mg) ��10.6��Zinc (mg) ��7.5��Copper (mg) ��1.7��Vitamin A density (RE/1000 kcal) �190 �67��Thiamin density (mg/1000 kcal) �0.35�0.4��Riboflavin density (mg/1000 kcal) �0.48�0.3��Niacin density (NE/1000 kcal) �6.5�14.2��Folate density (ug/1000 kcal) �80�74��Vitamin B-12 (ug/1000 kcal) �0.8�1.5��Calcium density (mg/1000 kcal) �350�88��Iron density (mg/1000 kcal) �18(L), 9(M)�3.6��Zinc density (mg/1000 kcal) �10(L), 2.9 (M)�2.5��Copper density (mg/1000 kcal) �0.5�0.6�� �           Table A22. Estimated Energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: Korea D.P.R.

 Reference goals from Beaton (1995).



Dietary Component �Ref. Goal�Amount��Energy (kcal) ��2093��Protein (g) ��63.1��Fat (g) ��31.7��Carbohydrate (g) ��379��Dietary fibre (g) ��37��Phytate (mg) ��2452��Vitamin A (RE)��246��Thiamin (mg) ��1.5��Riboflavin (mg) ��1.1��Niacin (NE) ��35.5��Folate (ug) ��382��Vitamin B-12 (ug) ��1.4��Calcium (mg) ��371��Iron (mg) ��11.8��Zinc (mg) ��7.7��Copper (mg) ��1.3��Vitamin A density (RE/1000 kcal) �190 �117��Thiamin density (mg/1000 kcal) �0.35�0.7��Riboflavin density (mg/1000 kcal) �0.48�0.5��Niacin density (NE/1000 kcal) �6.5�17.0��Folate density (ug/1000 kcal) �80�182��Vitamin B-12 (ug/1000 kcal) �0.8�0.7��Calcium density (mg/1000 kcal) �350�177��Iron density (mg/1000 kcal) �18(L), 9(M)�5.6��Zinc density (mg/1000 kcal) �10(L), 2.9 (M)�3.7��Copper density (mg/1000 kcal) �0.5�0.6�� �           Table A23. Estimated Energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: Korea Rep.

 Reference goals from Beaton (1995).



Dietary Component �Ref. Goal�Amount��Energy (kcal) ��3075��Protein (g) ��90.4��Fat (g) ��74.6��Carbohydrate (g) ��505��Dietary fibre (g) ��39��Phytate (mg) ��2141��Vitamin A (RE)��1010��Thiamin (mg) ��1.6��Riboflavin (mg) ��1.6��Niacin (NE) ��51.8��Folate (ug) ��438��Vitamin B-12 (ug) ��6.4��Calcium (mg) ��590��Iron (mg) ��12.0��Zinc (mg) ��9.8��Copper (mg) ��1.6��Vitamin A density (RE/1000 kcal) �190 �329��Thiamin density (mg/1000 kcal) �0.35�0.5��Riboflavin density (mg/1000 kcal) �0.48�0.5��Niacin density (NE/1000 kcal) �6.5�16.8��Folate density (ug/1000 kcal) �80�142��Vitamin B-12 (ug/1000 kcal) �0.8�2.1��Calcium density (mg/1000 kcal) �350�192��Iron density (mg/1000 kcal) �18(L), 9(M)�3.9��Zinc density (mg/1000 kcal) �10(L), 2.9 (M)�3.2��Copper density (mg/1000 kcal) �0.5�0.5��� Table A24. Estimated Energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: Laos

 Reference goals from Beaton (1995).

 

Dietary Component �Ref. Goal�Amount��Energy (kcal) ��2152��Protein (g) ��48.8��Fat (g) ��21.3��Carbohydrate (g) ��423��Dietary fibre (g) ��16��Phytate (mg) ��2097��Vitamin A (RE)��180��Thiamin (mg) ��0.8��Riboflavin (mg) ��0.7��Niacin (NE) ��28.2��Folate (ug) ��166��Vitamin B-12 (ug) ��2.0��Calcium (mg) ��183��Iron (mg) ��7.3��Zinc (mg) ��7.3��Copper (mg) ��0.9��Vitamin A density (RE/1000 kcal) �190 �84��Thiamin density (mg/1000 kcal) �0.35�0.4��Riboflavin density (mg/1000 kcal) �0.48�0.3��Niacin density (NE/1000 kcal) �6.5�13.1��Folate density (ug/1000 kcal) �80�77��Vitamin B-12 (ug/1000 kcal) �0.8�0.9��Calcium density (mg/1000 kcal) �350�85��Iron density (mg/1000 kcal) �18(L), 9(M)�3.4��Zinc density (mg/1000 kcal) �10(L), 2.9 (M)�3.4��Copper density (mg/1000 kcal) �0.5�0.4�� �           Table A25. Estimated Energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: Malaysia

 Reference goals from Beaton (1995).



Dietary Component �Ref. Goal�Amount��Energy (kcal) ��2941��Protein (g) ��83.8��Fat (g) ��91.2��Carbohydrate (g) ��447��Dietary fibre (g) ��19��Phytate (mg) ��1527��Vitamin A (RE)��1601��Thiamin (mg) ��1.1��Riboflavin (mg) ��1.4��Niacin (NE) ��48.7��Folate (ug) ��244��Vitamin B-12 (ug) ��8.2��Calcium (mg) ��380��Iron (mg) ��9.5��Zinc (mg) ��8.6��Copper (mg) ��1.1��Vitamin A density (RE/1000 kcal) �190 �544��Thiamin density (mg/1000 kcal) �0.35�0.4��Riboflavin density (mg/1000 kcal) �0.48�0.5��Niacin density (NE/1000 kcal) �6.5�16.6��Folate density (ug/1000 kcal) �80�83��Vitamin B-12 (ug/1000 kcal) �0.8�2.8��Calcium density (mg/1000 kcal) �350�129��Iron density (mg/1000 kcal) �18(L), 9(M)�3.2��Zinc density (mg/1000 kcal) �10(L), 2.9(M)�2.9��Copper density (mg/1000 kcal) �0.5�0.4��� Table A26. Estimated Energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: Mongolia

 Reference goals from Beaton (1995).



Dietary Component �Ref. Goal�Amount��Energy (kcal) ��1964��Protein (g) ��78.2��Fat (g) ��73.1��Carbohydrate (g) ��240��Dietary fibre (g) ��11��Phytate (mg) ��798��Vitamin A (RE)��885��Thiamin (mg) ��0.7��Riboflavin (mg) ��1.4��Niacin (NE) ��43.3��Folate (ug) ��181��Vitamin B-12 (ug) ��11.3��Calcium (mg) ��488��Iron (mg) ��7.7��Zinc (mg) ��10.0��Copper (mg) ��0.7��Vitamin A density (RE/1000 kcal) �190 �451��Thiamin density (mg/1000 kcal) �0.35�0.3��Riboflavin density (mg/1000 kcal) �0.48�0.7��Niacin density (NE/1000 kcal) �6.5�22.0��Folate density (ug/1000 kcal) �80�92��Vitamin B-12 (ug/1000 kcal) �0.8�5.7��Calcium density (mg/1000 kcal) �350�248��Iron density (mg/1000 kcal) �18(L), 9(M)�3.9��Zinc density (mg/1000 kcal) �10(L), 2.9(M)�5.1��Copper density (mg/1000 kcal) �0.5�0.4��� Table A27. Estimated Energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: New Caledonia

 Reference goals from Beaton (1995).



Dietary Component �Ref. Goal�Amount��Energy (kcal) ��2746��Protein (g) ��84.8��Fat (g) ��106.8��Carbohydrate (g) ��350��Dietary fibre (g) ��24��Phytate (mg) ��1314��Vitamin A (RE)��1235��Thiamin (mg) ��1.1��Riboflavin (mg) ��1.8��Niacin (NE) ��49.0��Folate (ug) ��303��Vitamin B-12 (ug) ��12.6��Calcium (mg) ��592��Iron (mg) ��11.1��Zinc (mg) ��9.2��Copper (mg) ��1.5��Vitamin A density (RE/1000 kcal) �190 �450��Thiamin density (mg/1000 kcal) �0.35�0.4��Riboflavin density (mg/1000 kcal) �0.48�0.7��Niacin density (NE/1000 kcal) �6.5�17.8��Folate density (ug/1000 kcal) �80�110��Vitamin B-12 (ug/1000 kcal) �0.8�4.6��Calcium density (mg/1000 kcal) �350�215��Iron density (mg/1000 kcal) �18(L), 9(M)�4.1��Zinc density (mg/1000 kcal) �10(L), 2.9(M)�3.4��Copper density (mg/1000 kcal) �0.5�0.6�� �           Table A28. Estimated Energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: New Zealand

 Reference goals from Beaton (1995).

 

Dietary Component �Ref. Goal�Amount��Energy (kcal) ��3150��Protein (g) ��92.6��Fat (g) ��120.6��Carbohydrate (g) ��415��Dietary fibre (g) ��32��Phytate (mg) ��1142��Vitamin A (RE)��972��Thiamin (mg) ��1.4��Riboflavin (mg) ��1.9��Niacin (NE) ��56.3��Folate (ug) ��344��Vitamin B-12 (ug) ��9.1��Calcium (mg) ��630��Iron (mg) ��11.0��Zinc (mg) ��10.3��Copper (mg) ��1.5��Vitamin A density (RE/1000 kcal) �190 �309��Thiamin density (mg/1000 kcal) �0.35�0.5��Riboflavin density (mg/1000 kcal) �0.48�0.6��Niacin density (NE/1000 kcal) �6.5�17.9��Folate density (ug/1000 kcal) �80�109��Vitamin B-12 (ug/1000 kcal) �0.8�2.9��Calcium density (mg/1000 kcal) �350�200��Iron density (mg/1000 kcal) �18(L), 9(M)�3.5��Zinc density (mg/1000 kcal) �10(L), 2.9(M)�3.3��Copper density (mg/1000 kcal) �0.5�0.5��� Table A29.   Estimated Energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: Papua New Guinea

 Reference goals from Beaton (1995).

 

Dietary Component �Ref. Goal�Amount��Energy (kcal) ��2186��Protein (g) ��50.7��Fat (g) ��43.8��Carbohydrate (g) ��409��Dietary fibre (g) ��38��Phytate (mg) ��926��Vitamin A (RE)��759��Thiamin (mg) ��1.4��Riboflavin (mg) ��1.3��Niacin (NE) ��30.4��Folate (ug) ��349��Vitamin B-12 (ug) ��3.6��Calcium (mg) ��362��Iron (mg) ��9.3��Zinc (mg) ��6.8��Copper (mg) ��1.8��Vitamin A density (RE/1000 kcal) �190 �347��Thiamin density (mg/1000 kcal) �0.35�0.6��Riboflavin density (mg/1000 kcal) �0.48�0.6��Niacin density (NE/1000 kcal) �6.5�13.9��Folate density (ug/1000 kcal) �80�160��Vitamin B-12 (ug/1000 kcal) �0.8�1.7��Calcium density (mg/1000 kcal) �350�165��Iron density (mg/1000 kcal) �18(L), 9(M)�4.2��Zinc density (mg/1000 kcal) �10(L), 2.9(M)�3.1��Copper density (mg/1000 kcal) �0.5�0.8��

 �           Table A30. Estimated Energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: Philippines

 Reference goals from Beaton (1995).

 

Dietary Component �Ref. Goal�Amount��Energy (kcal) ��2355��Protein (g) ��60.1��Fat (g) ��47.4��Carbohydrate (g) ��416��Dietary fibre (g) ��19��Phytate (mg) ��1381��Vitamin A (RE)��537��Thiamin (mg) ��1.1��Riboflavin (mg) ��1.0��Niacin (NE) ��35.0��Folate (ug) ��210��Vitamin B-12 (ug) ��4.4��Calcium (mg) ��260��Iron (mg) ��6.8��Zinc (mg) ��6.7��Copper (mg) ��1.0��Vitamin A density (RE/1000 kcal) �190 �228��Thiamin density (mg/1000 kcal) �0.35�0.4��Riboflavin density (mg/1000 kcal) �0.48�0.4��Niacin density (NE/1000 kcal) �6.5�14.8��Folate density (ug/1000 kcal) �80�89��Vitamin B-12 (ug/1000 kcal) �0.8�1.9��Calcium density (mg/1000 kcal) �350�111��Iron density (mg/1000 kcal) �18(L), 9(M)�2.9��Zinc density (mg/1000 kcal) �10(L), 2.9(M)�2.9��Copper density (mg/1000 kcal) �0.5�0.4�� �           Table A31. Estimated Energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: Solomon Is.

 Reference goals from Beaton (1995).

 

Dietary Component �Ref. Goal�Amount��Energy (kcal) ��2223��Protein (g) ��57.2��Fat (g) ��40.7��Carbohydrate (g) ��409��Dietary fibre (g) ��35��Phytate (mg) ��1355��Vitamin A (RE)��105��Thiamin (mg) ��1.3��Riboflavin (mg) ��1.0��Niacin (NE) ��32.0��Folate (ug) ��320��Vitamin B-12 (ug) ��3.0��Calcium (mg) ��284��Iron (mg) ��10.7��Zinc (mg) ��7.2��Copper (mg) ��2.2��Vitamin A density (RE/1000 kcal) �190 �47��Thiamin density (mg/1000 kcal) �0.35�0.6��Riboflavin density (mg/1000 kcal) �0.48�0.5��Niacin density (NE/1000 kcal) �6.5�14.4��Folate density (ug/1000 kcal) �80�144��Vitamin B-12 (ug/1000 kcal) �0.8�1.4��Calcium density (mg/1000 kcal) �350�128��Iron density (mg/1000 kcal) �18(L), 9(M)�4.8��Zinc density (mg/1000 kcal) �10(L), 2.9(M)�3.2��Copper density (mg/1000 kcal) �0.5�1.0�� �           Table A32. Estimated Energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: Vanuatu.

 Reference goals from Beaton (1995).



Dietary Component �Ref. Goal�Amount��Energy (kcal) ��2760��Protein (g) ��66.7��Fat (g) ��94.5��Carbohydrate (g) ��419��Dietary fibre (g) ��36��Phytate (mg) ��1419��Vitamin A (RE)��493��Thiamin (mg) ��1.6��Riboflavin (mg) ��1.0��Niacin (NE) ��41.3��Folate (ug) ��318��Vitamin B-12 (ug) ��5.9��Calcium (mg) ��270��Iron (mg) ��13.4��Zinc (mg) ��9.9��Copper (mg) ��2.5��Vitamin A density (RE/1000 kcal) �190 �179��Thiamin density (mg/1000 kcal) �0.35�0.6��Riboflavin density (mg/1000 kcal) �0.48�0.4��Niacin density (NE/1000 kcal) �6.5�15.0��Folate density (ug/1000 kcal) �80�115��Vitamin B-12 (ug/1000 kcal) �0.8�2.1��Calcium density (mg/1000 kcal) �350�98��Iron density (mg/1000 kcal) �18(L), 9(M)�4.8��Zinc density (mg/1000 kcal) �10(L), 2.9(M)�3.6��Copper density (mg/1000 kcal) �0.5�0.9�� �           Table A33. Estimated Energy, nutrient, and nutrient density per capita, per day

 Data computed from FAO Food Balance Sheets, year 1999. Country: Viet Nam.

 Reference goals from Beaton (1995).



Dietary Component �Ref. Goal�Amount��Energy (kcal) ��2556��Protein (g) ��60.4��Fat (g) ��35.8��Carbohydrate (g) ��488��Dietary fibre (g) ��16��Phytate (mg) ��2022��Vitamin A (RE)��247��Thiamin (mg) ��0.9��Riboflavin (mg) ��0.9��Niacin (NE) ��33.7��Folate (ug) ��180��Vitamin B-12 (ug) ��2.9��Calcium (mg) ��188��Iron (mg) ��6.7��Zinc (mg) ��7.9��Copper (mg) ��1.0��Vitamin A density (RE/1000 kcal) �190 �96��Thiamin density (mg/1000 kcal) �0.35�0.4��Riboflavin density (mg/1000 kcal) �0.48�0.3��Niacin density (NE/1000 kcal) �6.5�13.2��Folate density (ug/1000 kcal) �80�70��Vitamin B-12 (ug/1000 kcal) �0.8�1.1��Calcium density (mg/1000 kcal) �350�74��Iron density (mg/1000 kcal) �18(L), 9(M)�2.6��Zinc density (mg/1000 kcal) �10(L), 2.9(M)�3.1��Copper density (mg/1000 kcal) �0.5�0.4��
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