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FOREWORD 

The Co-ordinated Research Programme (CRP) on "Isotope-Aided 
Studies of the Bioavailability of Iron and Zinc from Human Diets" was 
initiated by the IAEA in 1990, and presently encompasses participating 
institutes in 11 countries. The second Research Co-ordination Meeting 
of participants in this CRP, which is the subject of this report, was 
organized as an integral part of the IAEA "Regional Seminar on Isotope 
Tracers in Human Nutrition Research" at the National Institute of 
Nutrition in Hyderabad, India, from 16-20 November 1992. A 
summary of the discussions that took place during this meeting is 
given in the report together with the working papers (progress reports) 
presented by individual participants. 

Iron deficiency is presently considered to be the most common 
nutritional deficiency in the world today, affecting more than 2,000 
million people living in more than 100 developing countries. Generally 
it is caused not by an absolute deficiency of iron in the diet but rather 
by insufficient bioavailability of food iron. Isotope techniques, as 
illustrated in this report, have important applications in helping to 
obtain a better understanding of factors that affect the bioavailability 
o. iron (and other trace elements such as zinc) in human foodstuffs 
and diets. Information can be gained thereby which is of crucial 
significance in planning and implementing national nutrition 
programmes on dietary diversification and modification, food 
fortification and micronutrient supplementation, and in assessing the 
efficacy of intervention efforts. 
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ISOTOPE-AIDED STUDIES OF THE 
BIOAVAILABILITY OF IRON AND ZINC FROM HUMAN DIETS 

Summary Report of the Second Research Co-ordination Meeting 
Hyderabad, India 

1 6 - 2 0 November 1992 

1 . INTRODUCTION 

The Co-ordinated Research Programme (CRP) on "Isotope-Aided Studies of the 
Bioavailability of Iron and Zinc from Human Diets" was initiated by the IAEA towards the 
end of 1990, and has grown since then to encompass participating institutes in 11 
countries. The first Research Co-ordination Meeting (RCM) of participants in this CRP took 
place in Vienna from 29 October to 1 November 1991 (report available on request). 

The second RCM, which is the subject of this report, was organized as an integral 
part of the IAEA Regional Seminar on Isotope Tracers in Human Nutrition Research (for the 
Asia & the Pacific Region and the English Speaking Part of the Africa Region) at the 
National (Indian) Institute of Nutrition (NIN) in Hyderabad, India, from 16-20 November 
1992. 

The Seminar, and concurrent RCM, were inaugurated on behalf of the host 
government and institute by Dr. S.D. Soman, Chairman, Atomic Energy Regulatory Board, 
Dr. B.N. Saxena, Senior Deputy Director General, Indian Council of Medical Research, 
Dr. V. Reddy, Director, NIN, and Dr. N. Raghuramulu, Deputy Director, NIN. It was 
attended by 49 participants from 23 countries (of which 18 were developing countries), 
as well as by 34 Indian observers. The programme focussed mainly upon isotope 
applications in micronutrient malnutrition (iron, iodine and zinc); also included were trace 
element determinations by nuclear techniques, in vivo neutron activation analysis, whole 
body counting, radioimmunoassay, and stable isotope applications using light (e.g. 1 3 C, 
1 5N) and heavy (e.g. 6 7Zn) isotopic tracers. Altogether, 47 papers were presented orally 
(including working papers by all 11 CRP participants). Half of one session on the final day 
was devoted to a panel discussion on "Priorities and problems in the use of isotopes in 
human nutrition research, with special reference to developing countries". The full 
programme of the Seminar is reproduced in Annex 1. Specific RCM sessions were 
organized at the end of each afternoon, following plenary sessions of the Seminar, for 
RCM participants and selected observers only. A list of participants in these RCM sessions 
is given in Annex 2. 

2. CURRENT STATUS OF THE CRP 

Information on the current status of the CRP is available in the working papers and 
abstracts reproduced in Annexes 4-14. The following is a summary of the main points 
from the discussions. 
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3. MAIN POINTS FROM THE DISCUSSIONS 

3 .1 . Core programme {in vivo) 

(a) It was decided to continue with the specification of the core programme as 
agreed at the last RCM, i.e. to focus attention on Fe bioavailability from several 
different kinds of main meals (up to 6 in number). However, for those 
participants who feel able to do additional work, the following suggestions 
were offered for extending or modifying the core programme: (i) to do more 
work on infant foods, and (ii) to study whole diets instead of meals. 

(b) Studies on infant foods are ideally done on young children; however this is 
generally not feasible except with a stable isotope tracer. When using the 
radioisotope method, adults may be used as test subjects. The iron status of 
these adults should, if possible, cover the whole range normally seen in the 
population. As a practical matter it is normally sufficient if a mixed group of 
females and males is chosen in the ratio of 2 : 1 . 

(c) The importance of including a Farina flour standard meal in these studies was 
reconfirmed (see section 3.3). 

3.2. Core programme (in vitro) 

Although there are still some difficulties in the application of the in vitro technique, 
and in the interpretation of the results, it was agreed that such studies will continue to be 
an integral part of the core programme. Samples of interest include main meals, individual 
foodstuffs, diets and infant foods. Additional decisions were as follows: 

(a) Mr. Aggett will supply a copy of the new FLAIR protocol (modified to be used 
with a radioactive tracer) — see Annex 3 

(b) this protocol is to be used for studies with the standard meal (section 3.3) as 
well as with local test meals 

(c) results are to be reported to Mr. Aggett for compilation (together with 
Ms. Reddy) 

(d) the same procedure is also recommended for Zn 
(e) copies of other FLAIR documents will be made available. 

3.3. Standard meal 

(a) A standard meal based on Farina flour will be used for normalization and quality 
control purposes (both in vivo and in vitro). Ms. Reddy will supply 1 kg of flour 
to each participant together with a recipe for making it into a meal (using 
locally available ingredients) and guidance on storage (preferably in a freezer). 
Ferrous sulphate will be used as the iron source. 

(b) This standard meal does not replace the standard dose of ferrous sulphate in 
vivo studies; it should be studied in addition and the results should be reported 
to Mr. Aggett for compilation. 



3.4. Choice of fortificant 

It was agreed that, in national fortification programmes, the choice of food vehicle 
and fortificant has to be lefx to the individual centres. Ferrous sulfate has usually been 
used as the fortificant because it is cheap and effective. However, other possible 
fortif icants such as ferrous fumarate and NaFe-EDTA should also be considered. The latter 
is presently not permitted as a food additive, but this situation is expected to change in 
the near future, it has advantages not only as an iron fortificant but also because it 
appears to increase zinc absorption from diets containing phytic acid. Soy hulls should 
also be considered as a possible source of iron, thouyh further research is required before 
they can be recommended. 

3.5. Dietary modification 

It was agreed that fortification of a food vehicle with iron is not the only way to 
increase the dietary intake of iron in a population, and that it is net necessarily the best 
method to use. Dietary modification is also a viable approach, e.g. selection of locally 
available food items to increase the supply of iron, or its bioavailability, in the diet, or the 
application of food processing practices such as fermentation. The Group reconfirmed its 
inte rest in following this approach in some, if not all, of the participating countries. 

3.6. Technical considerations - use of 5 5Fc and M F e 

(a) For the preparation of blood samples for liquid scintillation counting, the 
method of Eakins and Brown (see report of the First RCM, Annex 14) is still 
recommended. However, the attention of the Group was drawn to some of the 
technical improvements reported by Ms. Hertampf. 

(b) For the qualitv control of such measurements, the proposal prepared b> 
Mr. Cook was recommended, namely to distribute a set of "unknowns" 
containing 'arious ratios of 5 5Fe and 5 9Fe, and to ask the participants to process 
these (together with whole blood) in the same way as for "normal" samples. 
The following CRP participants expect to be able to take part in this exercise: 
Mr. Aggett, Ms. Hertrampf, Mr. Layrisse, Ms. Liyanage, Mr. Naing, Mr. 
Raghuramulu and Ms. Zavaleta. The samples will be sent directly to each 
participant unless he or she specifically requests some other arrangement. 
Results should be reported to Ms. Reddy. 

3.7. Determination of iron and ferritin 

(a) As agreed at the last RCM, duplicate specimens of all unlabelled meals should 
be analysed for total iron, haem iron (and in some cases also for contaminant 
iron). These measurements are of high priority, and should be done locally as 
far as possible. Mr. Layrisse will provide references to appropriate analytical 
methods. For the quality control of such measurements, two specimens from 
each study group should be sent to Mr. Layrisse. Preferably these should be 
chosen so as to be respectively low and high in haem iron. 

(b) As agreed at the fast RCM, blood serum samples from each test subject should 
be analysed for ferritin. These measurements should also be done locally. For 



QC. two serum samples from each study group should be sent to Mr. Cook's 
laboratory. Preferably these should be chosen so as to be respectively low and 
high in serum ferritin. 

3.8. Zinc studies 

As discussed at the last RCM, the main methods for studying zinc in this CRP are 
whole body counting and in vitro techniques. An additional method discussed during the 
present RCM was the "Flanagan procedure", which involves simultaneous oral 
administration of 8 S Zn and non-absorbable 5 , Cr, and subsequent measurement of the 
isotope ratios in a sample of faeces. This method has not yet been validated sufficiently 
for it to be recommended in this CRP. However, CRP participants could help to establish 
its validity by appropriate studies with 5 'Fe (comparing it with results from the Eakins and 
Brown method, or from whole body counting) and with 8 5 Zn (comparing it with results 
from whole body counting). It is hoped that 2-3 CRP participants may be able to conduct 
such tests before the time of the next RCM. 

4 . OTHER MATTERS 

The Scientific Secretary explained that the CRP is expected to last for 3bout another 
two years. The third, and final. Research Co-ordination Meeting is due to be held in 1994. 
As regards the format of the next meeting, the Group was of the opinion that it would be 
better to have a "dedicated" meeting (not running concurrently with any other major event) 
because of the amount of data that will need to be reported and discussed at that time. 
Various options were discussed, but matter will be decided later. In the meantime, 
participants were invited by the Scientific Secretary to continue to think about otner 
possibilities, and to make their suggestions known during the course of the next year. 

5. ACKNOWLEDGEMENTS 

All participants would like to place on record their sincere appreciation of the 
excellent arrangements for the meeting and the warm hospitality provided by their local 
host. Dr. N. Ragharamulu, and his colleagues. 
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ANNEXES 





PROGRAMME OF THE IAEA REGIONAL SEMINAR ON 
ISOTOPE TRACERS IN HUMAN NUTRITION RESEARCH 

Hyderabad, India 
16-20 November 1992 

09:00 - 12:40 MONDAY, 16 NOVEMBER 1992, MORNING SESSION 

09:00 - 10:00 Registration 

10:00 - 10:30 INAUGURAL FUNCTION 

REFRESHMENTS 

11:0C - 12:40 FIRST TECHNICAL SESSION 

Chair. S. Sririmachari. India 

Introductory lecture 

11:00 - 11:40 The use of radioisotopes in nutrition research - the Indian experience 
(invited lecture) 
V. Reddy, India 

Iron end zinc nutrition 

11:40 - 12:20 Radioisotope techniques applicable in the study of iron deficiency 
(invited lecture) 
M.A. Lavrisse. C. Martinez-Torres, Venezuela 

12:20 - 12:40 * In vitro bioavailability of iron and zinc from common Indian foodstuffs 
N. Raghuramulu, India 

14:00 - 16:00 MONDAY, 16 NOVEMBER 1992, AFTERNOON SESSION 

Chair. P.J. Aggett, U.K. 

Radiation protection & related considerations 

14:00 - 14:40 Use of radioisotopes in human studies - radiation protection, licensing 
procedures and ethical requirements (invited lecture) 
S.D. Soman. India 

* Presentation marked with an asterisk relate directly to the CRP 



Iron and zinc nutrition (continued) 

14:40 - 15:00 .ed cell utilization of T e from some Nigerian rural peasant meals 
U.F. Udo, Nigeria 

15:00 - 15:20 * Isotope-aided studies of the bioavailability of iron from Myanmar diets 
Khin Mating Nainp. Myo Khin, Myanmar 

15:20 - 15:40 Profound stimulating e.Vect of splenectomy on iron absorption in thalassaemia 
diseases 
P. Pootrakul. P. Yansukon, K. Kitcharoen et al., Thailand 

15:40 - 16:00 * Isotope-aided studies of the bioavailability of iron and zinc from human diets 
consumed in Chile and Ecuador 
E. Hertrampf. F. Pizarro, M. Olivares et al., Chile 

REFRESHMENTS 

16:30 - 18:00 RCM SESSION (for CRP participants and invited observers only) 

09:30 - 12:55 TUESDAY, 17 NOVEMBER 1992, MORNING SESSION 

Chair. N. Raghuramulu. India 

Iron and zinc nutrition (continued) 

09:30 - 09:50 * Studies on anaemia of pregnancy: therapeutic response to haematinics and on 
the birth weights of their newborns, and the role of malabsorption in anaemic 
children 
M.A. Rahman, Pakistan 

09:50 - 10:10 * Isotope-aided studies of the bioavailability of iron and zinc from human diets 
consumed in Peru 
N. Zavaleta, Peru 

10:10 - 10:30 * Iron and zinc absorption from weaning foods prepared from germinated cereals 
and legumes using isotope tracers 
D,H. Valdez. M.D. Kuizon, L.M. Marero et al., Philippines 

10:30 - 10:50 * Isotope-aided studies of the bioavailability of iron and zinc from human diets 
consumed in Poland 
H. Rafalski. Poland 

REFRESHMENTS 

11:15-11:35* Use of radioisotopes in studying iron metabolism in humans in Sri Lanka 
K.D.C.E. Liyanage, Sri Lanka 
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11:35 - 11:55 * Recent progress in the use of in vitro isotopic methods for studying the 
bioavailability of trace elements: activities being undertaken within EC: FLAIR 
Concerted Action No. 10 
S. Fairweather-Tait. P.J. Aggett. U.K. 

11:55 - 12:15 Effect of an African herbal tea (H. sabdariffa) on the in vitro bioavailability of 
extrinsic "Fe from rice 
C.M.F. Mhofung. I. Johnson, J. Gee. Cameroon 

12:15 - 12:35 * Use of a standard meal to study iron absorption in humans 
M. Reddv. J.D. Cook, U.S.A. 

12:35 - 12:55 * Isotope-aided studies of the bioavailability of iron and zinc from human diets 
consumed in Venezuela 
M.A. Layrisse, Venezuela 

14:00 - 16:00 TUESDAY, 17 NOVEMBER 1992, AFTERNOON SESSION 

Chair: S. Krishnan, Canada 

Iodine nutrition 

14:00 - 14:40 Radioisotopic techniques applicable to the study of iodine deficiency 
(invited lecture) 
N. Kochupillai, India 

14:40 - 15:00 Endemic goitre in the Union of Myanmar 
Maung Maung Cho. Khin Maung Naing, Maung Maung Thwin. Myanmar 

15:00 - 15:15 Evaluation of goitrogenic activity of foodstuffs using '-M 
V.G. Deosthale. D.K. Mahesh, India 

15:15 - 15:30 Thyroid status of leprosy patients 
F. Moslem. S. Khalilullah, A.M. Ishaque, Bangladesh 

15:30 - 15:45 Isotope and thyroidal function with glucosinolate intake by rats 
M. Gautam. Nepal 

15:45 - 16:00 A simple approach to monitor in vivo thyroid radioiodine uptake in rats 
D.N. Pahuja. M.G.R. Rajan. A.V. Borkar. A.M. Samuel, India 

REFRESHMENTS 

16:30 - 18:00 RCM SESSION (for CRP participants and invited observers only) 

09:30 - 13:00 WEDNESDAY, 18 NOVEMBER 1992, MORNING SESSION 

Chair. H.H. Sandstead, U.S.A. 

Trace element determination by nuclear and other techniques 

09:30 - 10:00 Problems of trace element analysis in biological tissue samples (invited lecture) 
S. Sriramachari, India 



10:00 - 10:40 Neutron activation analysis - in vitro applications in nutrition research 
(invited lecture) 
G.V. Iyengar. U.S.A.. and R.M. Parr. IAEA 

10:40 - 11:00 The nutritional adequacy of dietary trace element intake for the urban Indian 
population 
H.S. Dang. D.D. Jaiswal. M. Parameswaran, India 

REFRESHMENTS 

Miscellaneous trace element studies 

11:30 - 11:50 Whole body counting techniques in the development of programmes for the 
control of anaemia and other micronutrient deficiencies in India 
N.B.S. Rao, India 

11:50 - 12:10 Third trimester serum zinc concentration in normal pregnancy 
Z. Hashim. R. Ishak, Malaysia 

12:10- 12:30 In vitro bioavailability studies of zinc using °'Zn as an extrinsic tag 
V.V. Apte. S.A. Chiplonkar, M.K. Gokhale. S. Joshi. India 

12.30 - 13:00 * The use of radio isotopes and low abundance stable isotopes for the study of 
bioavailability and the metabolism of iron, zinc and copper 
P.J. Aggett. S. Fairweather-Tait, U.K. 

WEDNESDAY AFTERNOON FREE FOR SCIENTIFIC VISITS AND SIGHTSEEING 

09:30 - 13:00 THURSDAY. 19 NOVEMBER 1992, MORNING SESSION 

Chair. G.V. Iyengar. U.S.A. 

Radioimmunoassay and related techniques 

09:30 - 10:10 Radiolabeled immunoassays: their role in human nutrition research 
(invited lecture) 
R. Edwards. U.K. 

10:10 - 10:30 The use of radioimmunoassay in nutrition research in Ethiopia 
K. Urga. Ethiopia 

10:30 - 10:50 Determination of normal levels of serum ferritin in the blood of healthy adult 
Ghanaians 
E. Asihey-Berko. R. Orraca-Tetteh, J.K. Acquaye, J. Amuasi, Ghana 

REFRESHMENTS 
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Stable isotope studies 

11:20 - 12:00 Stable isotope applications in nutrition research - light elements (H, C, N, 0) 
(invited lecture) 
P.P. Klein. P.J. Reeds. U.S.A. 

12:00 - 12:40 Stable isotopes in nutrition research — the Indian experience 
(invited lecture) 
PS. Shetty. M.J. Soares, A.V. Kurpad. India 

12:40 - 13:00 Prognostic significance of protein-calorie malnutrition in post-virus hepatitis 
cirrhosis and the design of diet therapy based on Chinese food using stable 
isotope tracers 
Z.O. Xia. Z.D. Tang. T.C. Dai et al., China 

14:00 - 16:10 THURSDAY, 19 NOVEMBER 1992, AFTERNOON SESSION 

Chair. P.D. Klein, U.S.A. 

Stable isotope studies (continuation) 

14:00 - 14:20 Stable isotope methods for studying substrate metabolism in humans 
C.R. Fjeld. IAEA 

14:20 - 15:00 Stable isotope applications in nutrition research - metals (invited lecture) 
R. Hurrell. L. Davidsson, P. Kastenmayer, Switzerland 

15:00 - 15:15 Iron nutrition study using an enriched stable isotope 
S. Liu. Y. Ma, H. Liu, W. Li, J. Xu, China 

15:15 - 15:30 Association of iron and zinc status: a study using stable zinc tracer 
K. Yokoi. N.W. Alcock, H.H. Sandstead. U.S.A. 

In vivo neutron activation analysis 

15:30 - 16:10 In vivo neutron activation analysis — applications in human nutrition research 
(invited lecture) 
S.S. Krishnan. W.C. Sturtridge, Canada 

REFRESHMENTS 

16:30 - 18:00 RCM SESSION (for CRP participants and invited observers only) 
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0930 - 13:00 FRIDAY, 20 NOVEMBER 1992, MORNING SESSION 

Chair: S.D. Soman, India 

Whole body counting 

09:30 - 10:10 Whole body counting: in vivo methods and applications for nutritional studies in 
humans (invited lecture) 
K.J. Ellis, G.I. Lykken, H.H. Sandstead. U.S.A. 

10:10 - 10:30 Body composition studies in Indians by "K measurement 
S. Ranganathan. India 

Miscellaneous isotope studies 

10:30 - 10:50 Radiolabelled vitamin D arid viiamin A in the study of their absorption, 
metabolism and function 
N. Raghuramulu, India 

REFRESHMENTS 

11:15 - 13:00 PANEL DISCUSSION 

Priorities and problems in the use of isotopes in human nutrition research, with 
special reference to developing countries 

Panelists: P.J. Aggett (U.K.), G.V. Iyengar (U.S.A.), P.D. Klein (U.S.A.), 
M.A. Layrisse (Venezuela), N. Raghuramulu (India). H.H. Sandstead (U.S.A.) 

14:00 - 15:20 FRIDAY, 20 NOVEMBER 1992, AFTERNOON SESSION 

Chair: Z. Xia, China 

14:00 - 14:20 Use of tritiated narcotics in opiate receptor isolation and purification 
M.K. Janardana Sarma, India 

14:20 - 14:40 DNA adducts ("P post-labelling assay) — biomarkers in nutrient intervention 
on pre-cancers 
K. Krishnaswamy. M.A. Mukandan, V.V. Annapurna et al., India 

14:40 - 15:00 Studies on 'H-benzo(a)pyrene binding to DNA in nutrient deficiencies 
V. Jagadeesan. K. Krishnaswamy, India 

15:00 - 15:20 Use of radiolabelled amino acids and peptides in nutrition research: amino acid 
and dipeptide clearance at the blood brain barrier 
M. Raphunath. and S.A. Adibi, India 

15:20 CLOSING OF THE SEMINAR 

REFRESHMENTS 

16:00 - 18:00 Final RCM SESSION (for CRP participants and invited observers only) 
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Annex 3 

IN VITRO DETERMINATION OF IRON DIALYSABILITY USING "FE 

AFRC Institute of Food Research, Norwich Laboratory, Norwich Research Park, Colney, 

Norwich NR4 7UA. U.K. 

Reagents 

Pepsin (Sigma Cat. No. P7000) 

Pancreatin (Sigma Cat. No. PI750) 

Bile (Sigma Cat. No. B8631) 

Solutions 

3.2 g pepsin/20 ml 0.1 M HC1 

0.4 g pancreatin and 2.5 g bile/100 ml 0.1 M NaHC03 

These volumes are sufficient for 4 initial gastric digests (2 duplicates). The reagents take 

30 - 60 minutes to dissolve. 

Dialysis membrane 

Spectra-Por 7 membrane (flat width 32 mm, cylinder diameter 20.4 mm) m.n . cut off 

10,000 (CP Instruments, PO Box 22, Bishop's Stortford, Hens, CM23 3DX, U.K.) 

Tubing closures. 

Method 

1. Gastric Stage (to be done in duplicate) 

Using a 250 ml pre-weighed and clean beaker, add 

10 g homogenised sample + 80 ml distilled water 

mix 

- add 3 ml freshly prepared pepsin 

- add 5 9Fe solution (37 kBq) 

mix 

- adjust the pH to 2.0 using 6 M HC1 

- make up to 100 «» with distilled H 20 
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- incubate for 2 hours at 37°C in a shaking water bath (110 - 120 strokes/min; arm 

movement 2 cm) 

Measurement of titratable acidity 

This must be carried out before starting the intestinal stage on an aliquot of each of the 

gastric digests. 

Take 20 g of gastric digest, add 5 ml of ireshly prepared bile/pancreatin mixture, and 

adjust the pH to 7.0 over a 30 minute period1 with 0.5 M NaHCO,. 

Note the weight of 0.5 M NaHC03 used for each sample. 

2. Intestinal stage 

Take two 20 g samples of each gastric digest (4 in total) and add each to an acid clean 

pre-weighed 250 ml Erlenmeyer flask. 

Place 25 ml of 0.5 M NaHCO, and H 20 mixture (as determined from titratable acidity 

measurement)-1 into a segment of dialysis tubing (approximate length from clip to clip -

160 mm) 

- weigh sac + contents and place sac in flask 

- place the flasks in the water bath and incubate for 30 minutes at 37°C (shaking setting 

as before) 

- note the pH after 30 minutes incubation 

- add 5 ml bile/pancreatin mixture to each digest and incubate for 2 hours at 37°C in 

shaking water bath 

- at the end of the incubation remove dialysis sac and note the pH of the digest 

- weigh flask + digest to determine the total weight of the retentate 

- rinse exterior of the dialysis sac with H 20 and dry carefully 

- weigh sac to determine the total weight of dialysate (see sample weights chart) and 

transfer contents to an acid clean vessel 

- weigh approx 5 g of each retentate and dialysate in triplicate into gamma tubes and note 

each weight 
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- determine 5 9Fe in the gamma counter3 

- calculate % dialysability4 

Additional Notes 
1 Adjust to pH 6.0 mix and leave for 10 minutes. Adjust again to pH 6.5 mix and 

leave for 10 minutes. Adjust to pH 6.8 mix and leave for 5 minutes. Finally 

adjust to pH 7.0 mix and leave for 5 minutes. Then re-check pH is 7.0 to ensure 

it has stabilised and adjust if necessary. This method results in a more stable final 

pH than adjusting immediately to pH 7. 

2 Weigh amount of NaHCO, as determined in titratable acidity + distilled water to a 

total weight 25 g. 

' Count to 100 minutes or 40,000 counts. 

4 Calculations 
% dialysed Fe = CPM/g D x Total Wt x 1 0 0 

(CPM/g D x Total Wt) * (CPM/g R x Total Wt) 

CPM = counts per minute 

D = dialysate 

R = retentate 
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Sample Weights Chart 

Gastric Digest 1 
Intestinal 1 Intestinal 2 

Gastric Digest 2 
Intestinal 3 Intestinal 4 

Empty 250 ml oeaker 
Empty 250 ml flask 
Vol NaHCO, to neutralise 
20 ml gastric digest (titratable 
acidity) 
Flask + Digest t = 0 hr 
Flask + Digest t = 2l/z hr 
Vol added to sac t = 0 
Dialysis sac plus contents t = 0 
Dialysis sac plus contents t = 21/: hr 
Difference = 
* Total Wt of Dialysate = 
" Total Wt of Retentate in flask = 
Wt of Samples to be counted ( - 5g) 
Dialysate sample no. 1 

Retentate sample no. 

' Total wt. of dialysate = (Wt. sacc, :) - (Wt. sacIO) + (Vol added to sac) 

" Total wt. of retentate = (Wt. flask,,,:) - (Wt. empty flask) 
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Annex 4 

ISOTOPE-AIDED STUDIES OF THE BIOAVAILABILITY OF IRON AND ZINC 
FROM HUMAN DIETS CONSUMED IN CHILE AND ECUADOR 

Eva Hertrampf. MD. M Sc. #, Pizarro F. MT # ; Olivares M, MD*; Walter T, 
Fuenmayor G, M D , # . Yepes R. M D * \ Soria A . # ' V 

* Instituto de Nutrición y Tecnología de los Alimentos (INTA). Universidad de 
Chile, Casilla 138-11. Santiago. Chile. 

* * Laboratorio de Investigaciones en Metabolismo y Nutrición, (LIMN), Facultad 
de Ciencias Médicas, Universidad Central del Ecuador, Quito, Ecuador. 

* * * Facultad de Ciencias de la Salud, Universidad de Carabobo, Venezuela 

Abstract 

Currently it is accepted that iron absorbed from infant formulas is less than 10 
%. However, the composition of such formulas has changed considerably and 
there is no recent information on the effects of these modifications. Iron 
bioavailability from infant formulas with different levels of iron fortification (8 
and 12 mg of iron /L) and from a standard meal based on a wheat cream 
("farina" flour) was measured by a double radioisotopic technique lEakins & 
Brown) in 13 adult female volunteers. Iron bioavailability in infant formulas 
was very high. Eighteen and 20.6 percent of the iron was absorbed in the 8 
and 12 mg iron/L fortified formulas respectively (geometric means corrected to 
40 % of reference dose absorption). The corresponding value for iron 
absorption from the standard meal was 6.7%. These high and non significant 
differences in iron bioavailability from the two formulas and the fact that daily 
consumption of 750 ml of formula supplies more iron than recommended would 
permit a lowering of the current iron fortification level of 12 mg/L. Iron 
availability of the Standard Meal measured with FLAIR modifications of Miller's 
in vitro technique was 4.42%. The percentage of dialyzable zinc was 2.04%. 
Research activities for next year will be based on the validation and application 
of the in vitro technique in Chilean and Ecuadorian foods. 

1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

The importance of iron in nutrition has been a topic of concern in Third World as well 
as in maternal and child health care in developed countries I I ' 'on deficiency anaemia 
may manifest itself in reduced capacity to do work (2], and in an impairment of the body's 
immune system [3]. In pregnant women there is a high risk of increased morbidity, 
premature delivery and a low birth weight |4). Recent studies done by Lozoff in the USA 
and by Walter et al. in Chile suggest that iron deficiency affect the child's cognitive 
development (5). 

The only way that nutritional iron deficiency can be alleviated is by increasing iron 
intake either by providing medicinal iron (supplementation) or adding iron to the diet 
(fortification). It is now well recognized that the best approach for preventing iron 
deficiency is food fortification. 
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The population of Chile is estimated to be 13 millions. The annual growth rate is 
1.7% based on a crude birth rate of 23 per 1000; fertility rate is 3.0 and the crude death 
rate is 6.1 per 1000. The vast majority of the population live in urban areas (83%). 
Primary education is free, universal, and compulsory from ages of 6 to 15 years, 
accounting for Chile's high literacy rate of 95%. 

General mortality and life expectancy indicators rank Chile high worldwide. Life 
expectancy at birth for both sexes is 67.0 years. In 1940. Chile had one of the highest 
infant mortality rates of Latin America (193/1000). This rate has been steadily declining 
to 15/1000 in 1990. The dramatic improvement in infant mortality rates can largely be 
attributed to long standing government-sponsored intervention programmes. They were 
established through the National Health Service created in 1952 to integrate the 
independent systems serving different populations. 

The improvement in chiid nutritional status is attributed to many factors: health and 
immunization programmes, milk distribution programmes, treatment programmes for 
malnourished children, pregnancy control and hospital-based births, decreased 
low-birth-weight of newborns, family planning programmes, and improvements in 
sanitation. In spite of these improvements, iron deficiency anaem.a continues as a major 
public health problem, affecting small children and pregnant women. Thirty per-cent of 
infants under 2 years of age are anaemic and 65% have biochemical evidence of iron 
deficit (6|. Being aware of the magnitude of this problem we have developed at INTA 
different strategies to implement iron fortification of foods at a national level. Strategies 
such as milk fortification with ferrous sulfate and ascorbic acid [7-121, fortification of a 
rice-based infant cereal with hemoglobin (13, 14], and biscuits fortified with hemoglobin 
for school age children [7.15,16.171. 

Despite all these efforts, the milk, which is freely delivered to 80% of Chilean infants 
through the National Feeding Programme, is not fortified with iron 1121. There is evidence 
suggesting that infants fed whole cow's milk present a larger iron loss in the form of 
gastrointestinal bleeding. This fact further enhancers deterioration in iron nutrition status 
in infants. We designed an infant formula at INTA which is possible to be industrialized 
in our country to replace the current milk delivered. The consumption of this formula, 
fortified with 7 mg of iron per liter, prevented iron deficiency anaemia in infants at 9 
months of age in a field trial 1121. Iron bioavailability of modern infant formulas has not 
been measured. 

The surprisingly low prevalence of iron deficiency in the remainder of the population 
may be explained by the high consumption of bread made with ferrous sulfate fortified 
wheat flour, according to national legislation [181. 

Iron bioavailability studies in order to analyze the dietary iron in typical diets, evaluate 
absorption enhancers and study the absorption of iron from fortified foods are a very 
important step in planning and implementing a programme of food fortification. In vivo 
measurements in human subjects are of a high cost and technical difficulty and have high 
requirements in laboratory facilities. In vitro studies represent a rapid and low cost 
screening test accessible to any laboratory and permit selection of food vehicles and 
fortificants to be confirmed by in vivo measurements in humans. To count with a 
validated in vitro technique becomes essential for quality control of fortification levels in 
foodstuffs. 

Several approaches have been used to predict the bioavailability of iron sources (191. 
Dialysis measurements, the most used of the in vitro methods, test iron availability by 
simulating in vitro gastrointestinal digestion and can be performed at a small fraction of 
the cost of animal studies. According to data published by the International Nutritional 
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Anemia Consultative Group (INACG), the main limitation of this in vitro technique was the 
variability due to the fact that technical experience with the method was limited in some 
laboratories. Even relatively small variations in incubation time can lead to pronounced 
differences in dialyzable iron. With further experience and refinements, this method will 
probably produce results comparable to those obtained with hemoglobin repletion 
techniques. 

Since we have a large experience in the field of food fortification we are interested 
in transferring validated in vitro and in vivo techniques for measurement of iron availability 
in human diets to combat iron deficiency in the Latin American Region. So, the objectives 
of this project are: 

1. To standardize a modification of an in vitro iron availability technique. [FLAIR 
protocol based in Miller et al., [20] using colorimetric, atomic absorption 
spectrometry and radioisotopic measurements. 

2. To validate this technique with double isotopic measurement of iron bioavailability 
in humans and, 

3. To transfer the in vitro technique to other laboratories. 

All these studies will be performed in foods to be used in nutritional 
intervention programmes. 

During the first year, we evaluated iron bioavailability in selected typical Ecuadorian 
foods to be used in nutritional intervention programmes and its interaction with some 
accompanying foods or beverages. The measurements were done in humans using a 
double isotonic method. Iron absorption from wheat flour foods was good (9%). When 
vermicelli soup was eaten together with lemonade sweetened with raw sugar cane, mean 
iron absorption was the highest (15%). Camomile infusion does not affect iron absorption 
from bread. If vermicelli and bread are made with iron fortified wheat flour, according to 
bioavailability data obtained in this study, they will supply an important amount of iron to 
the Ecuadorian diet. This amount could be doubled if they are accompanied by drinks such 
as lemonade. Measurements of dialyzable iron in these Ecuadorian foods showed the 
same tendency. At the moment, these experiments are being replicated in Ecuador. We 
will report on these results next year. 

During the second year the programme of work is : 

To continue with the on-going studies on iron bioavailability using in vivo isotope 
techniques. In particular for the study of infant formula products and the standard 
meal ("Farina" flour). 

To continue with the validation of the in vitro method and to apply it in studies of 
selected Chilean and Ecuadorian foods. 

2. EXPERIMENTAL METHOD. 

2 .1 . Iron bioavailability study. 

Iron bioavailability was measured from the Standard Meal based on a wheat cream 
"Farina flour", which will be studied by all the participants in this CRP, in order to obtain 
quality assurance; and from two infant formulas with different levels of iron fortification. 
A double isotopic technique with extrinsic tagging of foods was used. 
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Subjects 

Thirteen muciparous women, in apparent good health, ranging in age from 37 to 48 
years participated. All of them used contraceptive methods, were of low socioeconomic 
level and lived in Santiago. One subject had iron deficiency anaemia, the remainder 
presented a wide range of iron status reflected by serum ferritin levels (Table I). Written 
informed consent was obtained from each volunteer before the study. This protocol is in 
accordance with the standards of the Institute of Nutrition and Food Technology's Ethics 
Committee of Human Research and, additionally, radioactive test doses have been 
approved by the Chilean Commission of Nuclear Energy. 

Composition of foods 

Standard Meal. The standard meal was prepared with "Farina" flour using the 
ingredients and instructions provided by Dr. James Cook. The ingredients used were: 
"Farina" flour (40 g), water (250 ml), salt (0.5 g), 2 % fat milk (120 ml), butter (14 g), 
sugar i24 g), iron (3 mg as FeS0 4 .7H 20). Twenty servings were prepared as follows: heat 
water to boiling, add salt, slowly stir in "Farina", cook until "Farina" thickens, remove from 
heat and add milk, butter, sugar, and iron. 

Infant formulas. They correspond to a commercial infant formula with two different 
levels of iron fortification (Similac, Ross Lab.). Their nutrient composition meets the 
concentrations of nutrients recommended by the Committee on Nutrition of the American 
Academy of Pediatrics and required by the Infant Formulas Act of 1980. Formula-8 
(Similac-8) contains 8 mg of iron per litre reconstituted as indicated; Formula-12 
(Similac-12) contains 12 mg of iron per litre. Both contain fiO mg of ascorbic acid and 5.1 
mg of zinc per litre. 

Absorption measurements 

All test foods were administered between 8.00 and 9.00 hours after a 10 h fast. 
Only water was allowed for 3 h following the test foods. 

On dav 1. 30 ml of blood was drawn for measurement of iron status and background 
blood radioactivity. Then the subjects received the Standard Meal (400 g) extrinsically 
labeled with 37 kBq of 5 9FeCI 3. Iron content 3.92 mg. 

On dav 2, they received 250 ml of Formula-8 labeled with 111 kBq of 5 5FeCI 3 . Iron 
content:2.70 mg. 

On dav 14, 20 ml of blood was obtained to measure the radioactivity incorporated into 
erythrocytes; then they received 250 ml of the Formula-12 and labelled with 111 kBq of 
5 6 FeCI 3 . Iron content: 3.65 mg. 

On dav 15, they drank 50 ml of a fresh prepared aqueous solution of a standard 3 mg 
dose of iron as ferrous sulphate, containing 2:1 molar ratio of ascorbic acid to iron, labeled 
with 37 kBq of 5 9FeCI 3 . 

On dav 28, a second blood sample was obtained in order to calculate the increase of blood 
radioactivity. 

Assays for 5 5Fe and 5 9Fe were performed on duplicate 10 ml blood samoles and in 
6 samples of the test food ingested according to the method of Eakins and Brown [21]. 
The activity of radioisotopes in the processed samples were determined using a liquid 
scintillation counter (Beckma.i LS 5000 TD). 
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The percentage absorption values were calculated on the assumption that a 100% 
of the absorbed radioactivity was present in the hemoglobin of the circulating erythrocytes. 
Blood volume of each subject was estimated based on sex, weight and height I22], Iron 
concentration and iron binding capacity are measured by the Fischer and Price technique 
and serum ferritin using an immunoassay technique (ELISA) established in our laboratory 
according to INACG. 

Statistical Analysis 

Because of the highly skewed distribution of Fe absorption when expressed as a 
percentage of the administered dose, individual values were converted to logarithms for 
statistical analysis and the results converted to antilogarithms to recover the original units, 
according to Cook et a!. [23]. All values for the Fe absorption and ratios are reported as 
geometric means. When absorption for any pair of test meals was compared in the same 
subject, a paired t test was used to determine whether the mean difference in log 
absorption values differ significantly from zero. 

2.2. In vitro availability studies. 

Iron availability was measured irom the preparation of the Standard Meal described 
using the standardized protoco' (HLAIR) based on method of Miller et al. [20J. 

The reagents and equipment employed were those recommended by the FLAIR 
protocol, excepting the membrane dialysis tubing which we could not import. Locally we 
obtained a membrane dialysis tubing Spectrum, cylinder diameter 14.6 mm, molecular 
weight cut off (wco) 6-8,000. 

The methodology used was according to the protocol. The dialyzable iron was 
measured by atomic absorption spectrometry (AAS) and 5 9Fe by radioactivity counting. 

The equation used to calculate the % of dialyzable iron was: 

jjg Fe/g d i a lysa t e x g d ia lysa te 
x 1 0 0 

pg Fe/g of meal x 20 g 

3. RESULTS OBTAINED. 

3 .1 . Iron bioavailability study. 

Iron bioavailability from the infant formulas was very high. Absorption values 
corrected to 40% absorption of the reference dose showed that 17.7% of the iron was 
absorbed from the formula fortified with 8 mg of iron/L and 20.6% from the 12 mg of 
iron/L formula. The difference in iron absorption is not statistically significant (17.7 vs 
20.6%, t = 1.18, NS). In both cases, an infant consuming 750 ml of formula/day will be 
able to absorb more than 1 mg of iron, enough to cover daily iron requirements for this age 
(Tables II and III). 

There is no data in the literature on the bioavailability of iron in infant formulas based 
on cow's milk since 1975 [24]. Traditionally it has been assumed that 4 % of iron is 
absorbed from formulas fortified with 12 mg of iron/L [25]. These results corroborate 
recent unpublished evidence from our group showing that the iron in a commercial formula 
(NAN-8, Nestle" Lab) and in the infant formula designed at INTA is more available than 
previously documented (Table III). This fact can be explained by the important 
physicochemical changes introduced to its processing in recent years. 
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These results suggest that the level of fortification of 12 mg of iron per liter, as is 
currently practiced in North America, could be lowered to 8 mg. 

Table II shows the iron absorption values uncorrected and corrected to a mean 
reference value of 4 0 % of absorption of the reference dose. We introduced also the 
correction based on serum ferritin concentrations described by Cook et a/. [26]. Each 
subject had only one ferritin measurement. Absorption values corrected by these two 
methods did not show agreement, although log absorption values from the reference dose 
and log serum ferritin concentrations show a high linear correlation (r = 0.82, p< 0.0001). 
These preliminary results need further analysis. 

Iron absorption from the Standard Meai corrected to 40% absorption of the reference 
dose was 6.7%. The comparison of the absorption values from the Standard Meal 
obtained in different laboratories will be of great importance in getting quality assurance 
for this technique. 

3.2. In vitro iron and zinc dialyzability studies 

The results of this work are summarized in Table IV. 

4. CONCLUSIONS. 

• Iron absorption from the Standard Meal corrected to 40% of absorption of the 
reference dose was 6.96%. 

• Iron availability of the Standard Meal measured with FLAIR modifications of Miller's 
in vitro technique was 4.42%. 

• Iron bioavailability of infant formulas was very high. Thus, 17.7% of the iron is 
absorbed from the formula fortified with 8 mg of Fe/L and 20.6% from the 12 mg 
of Fe/L formula. 

• The high bioavailability from both formulas permits lowering of the currently iron 
fortification level of 1 2 mg/L. 

• To lower the iron fortification level make possible the replacement of metal cans by 
other kinds of packaging, reducing the cost of infant formulas. 

5. FUTURE PLANS: 

Research activities for next year will be based on the validation and application of the 
in vitro technique in Chilean and Ecuadorian foods. 
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TABLE I. IRON NUTRITION STATUS OF THE SUBJECTS 

Subj Age Ht Hb Fe TIBC FeH"IBC SF* 
(y) (%) (g/L) U/g/dL) (//g/dL) (%) Uiq/U 

AG 48 40.2 134 75 375 19.9 
MMu 38 44.1 152 74 277 26.6 8.6 
MS 36 40.9 147 114 379 30.1 9.8 
AR 40 42.1 141 65 295 22.1 11.2 
AP 45 38.0 131 91 247 26.8 54 
MMe 38 40.0 135 72 312 23.2 23.8 

CG 39 32.5 104 21 298 6.9 5.5 
AA 37 46.2 157 63 310 20.1 46.2 
MJ 38 41.9 138 69 351 19.6 
HT 39 42.0 143 118 317 37.2 35.9 
GE 43 39.1 138 84 227 36.9 58.5 
MLe 42 45.2 157 74 236 31.3 68.2 
LM 39 36.4 124 91 230 39.5 100.4 

Mean 38 40.6 138 78 296 26.9 21.5 
SD 3.7 14 24 52 9.4 (7-62) 

This subject was removed because of hemoglobin value over 2SD 

MLa 44 51.0 17.6 128 359 35.5 94.7 



TABLE II. IRON ABSORPTION (% OF DOSE) 

Subj Standard Formula-8 Formula-12 Reference 
Meal 
"Fe 5 5Fe 5 5Fe 

Dose 
5 9 Fe 

AG 9.0 26.6 35.2 97.6 

MMu 18.6 46.2 35.4 78.9 

MS 15.5 52.1 43.7 6E.0 

AR 13.5 28.4 32.7 59.9 

AP 9.3 42.3 33.5 40.6 

MMe 1.6 6.4 13.2 36.8 

CG 3.4 6.7 5.5 30.6 

AA 1.6 4.4 8.0 28.8 

MJ 3.5 4.3 9.9 26.6 

HT 10.6 5 7 10.1 19.7 

GE 4.5 14.0 7.4 17.5 

MLe 2.7 16.3 26.7 11.2 

LM 2.7 7.6 6.6 6.2 

GMean 5.4 13.7 16.0 31.0 

Range 
±1SD 

2.3-12.8 2.5-34.8 7.4-34.5 14.1-68.4 

Values corrected to 40% of absorption from the reference dose 

GMean 6.96 17.7 20.6 

Values corrected to 40% by employing serum ferritin method. 

GMean 2.9 7.7 8.4 
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TABLE III. IRON SUPPLY FROM INFANT FORMULAS 

Infant Iron Absorption Iron Absorbed 
Formulas corrected to 4 0 % RD from 750 mL (mo) 

Formula-8 mg/L 18.0 1.06 
Similac, Ross Lab. 

Formula-12 mg/L 21.1 1.85 
Similac, Ross Lab. 

NAN-8 mg/L 20.0 1.05 
Nestle 

INTA-7 mg/L 18.0 1.08 
Non-commercial 

TABLE IV. DIALIZABLE IRON AND ZINC FROM THE STANDARD MEAL 

Cialyzable (%) 

Samples Iron Zinc 

1 3.63 1.93 

2 3.51 2.20 

3 3.25 1.96 

4 3.43 1.77 

5 3^1 2.30 

Mean 3.43 2.04 

SD 0.14 0.20 

CV (%) 4.0 9.7 





X^S~^cc3f 

Annex 5 

ISOTOPE AIDED STUDIES ON THE BIOAVAILABILITY OF IRON AND ZINC 
FROM HUMAN DIETS CONSUMED IN INDIA ' 

N. Raghuramulu, P. Das, P. Prasad 

National Institute of Nutrition, Hyderabad, India 

Abstract 

Total iron, and zinc, in-vitro ionizable iron and soluble zinc were estimated by 
the chemical and extrinsic isotope tag methods for comparison in various 
foodstuffs as such, and after processing, and also in diets. It has been 
observed that the values got were more or less similar by both the procedures. 
The in-vitro ionizable iron in groundnut was low with low total iron as well. 
Total iron and ionizable iron were also estimated in commonly consumed 
breakfast preparations. The effect of tea on ionizable iron when taken along 
with breakfast was also investigated. It was found that different breakfast 
preparations varied narrowly with regards to total iron (4.6-7.2 mg) and percent 
ionizable iron (25%-33%l. However, tea had a pronounced effect on ionizable 
iron resulting in inhibition to various extents. Total and soluble zinc were 
analyzed in green leafy vegetables and groundnut. Though the total zinc was 
low and similar in both foodstuffs, the percent soluble Zn was found to be high 
in green leafy vegetables as compared to groundnut. Tannin and ascorbic acid 
contents were estimated in a few foodstuffs. Tannin content in green leafy 
vegetables was found to be about 150 mg. Ascorbic acid concentration was 
high in cereals (except in rice) and whole pulses. The split pulses (dais) were 
found to be poor sources of ascorbic acid, lonizable iron and soluble zinc were 
found to increase to various extents on processing. Germination was found to 
increase ascorbic acid, whereas it had no effect on tannin. 

1. BACKGROUND AND SCOPE 

Iron deficiency anaemia is widely prevalent in our population in spite of seemingly 
adequate intakes of dietary iron. The main reason for this could be poor absorption. 
Factors which influence iron absorption are primarily derived from foodstuffs. The well 
identified inhibitors are phytates and tannins and promoters are ascorbic acid and some 
reducing agents. 

Since iron and zinc tend to move together through the food chain, it is likely that 
factors which influence bioavailability of iron would also influence zinc. Apart from this, 
preliminary studies at our Institute indicated that the zinc intakes are around 50% of that 
recommended for this nutrient. It is therefore possible that zinc deficiency may be 
common in our population, though no frank symptoms of its deficiency are observed. Only 
limited studies are available based on the diets composed in the laboratories on the 
bioavailability of Fe and Zn. No meaningful conclusions can be drawn from such limited 

Editor's note: this is an updated version of the working paper presented at the RCM 
covering the period up to July 1993 
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studies. Hence, detailed research is planned to study the bioavailability of Fe and Zn in the 
foodstuffs and diets of various regions of the country. 

It is also planned to investigate the effect of various inhibitors like tannins and 
polyphenols and enhancers like ascorbic acid and other organic acids on the bioavailability 
of iron and zinc. Studies have also been initiated on the bioavailability of iron and zinc in 
foodstuffs after various kinds of processing and in infant food formulae. 

2. EXPERIMENTAL METHODS 

Collection of food materials and the estimation of total iron, total zinc, ionizable iron, 
soluble zinc, tannic acid and ascorbic acid are already described in detail in the previous 
report (June '92 - Nov.'92). 

2 . 1 . Collection of breakfast samples 

Six commonly consumed breakfast preparations like idli, uttappam, vada, dosa, upma 
and poori were collected along with their side dishes from six different hotels in 
Hyderabad. These items were selected basically in view of the three different methods 
of preparations like ordinary cooking, open pan frying and deep frying. Thus idli and upma 
can be categorized as ordinary cooking, dosa and uttappam as open pan frying and vada 
and poori as deep frying. Idli, uttappam and dosa are preparations of rice in combination 
with black gramdhal. The proportion of dhal to rice is the same in uttappam and dosa, 
but idli has higher proportion of dhal to that of rice. Vada is a pulse preparation whereas 
poori and upma are the preparations of wheat. Duplicate breakfast samples along with 
side dishes (curry & chutney) with or without tea added were collected. They were 
weighed, homogenized and lyophilized. Lyophilized samples were used for various 
estimations. 

2.2. Various food kinds of processing 

2.2.7. Cooking 

The food material was cleaned and washed with deionized water. The sample was 
cooked under pressure (15 Ib/sq inch pressure and at 110°C to 120°C) for five minutes 
with double the amount of deionized water. Cooked samples were homogenized, 
lyophilized and powdered. 

2.2.2. toasting 

A small amount of foodstuff was cleaned and washed with deionized water and dried 
in an oven at 50-60°C overnight. The samples were roasted in an open pan till the outer 
skin split. The sample was then powdered. 

2.2.3. Germination 

A known amount of whole pulse was cleaned and washed with deionized water and 
soaked overnight with triple the amount of water. Next day, water was drained and 
samples were allowed to germinate for 48 hrs between moist layers of filter papers. 
Samples were homogenized, lyophilized and powdered. 
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2.2.4. Malting 

Samples of whole grain were germinated as above. Samples were then dried in an 
oven at 50-60°C for two days and powdered. 

2.3. Measurement of in-vitro ionizable iron and zinc using extrinsic tag 

The method, in principle, is the same as that described for the chemical procedure, 
except that a known amount (dpm) of radioactive 5 9 FeCI 3 or "ZnCU was added after 
pepsin HCI treatment (pH 1.35) of the food material. The radioactivity was measured in 
an aliquot of supernatant after protein precipitation. These counts were expressed after 
appropriate corrections as percentage of the total counts added initially, which indicates 
the percent lonizable iron. Radioactivity was counted in a gamma counter (Packard auto 
gamma 500 model). 

3. RESULTS 

The total and % in-vitro ionizable iron in groundnut were 3.81 ± 0.06 mg/IOOg and 
3.67% respectively. The data on total and ionizable iron and the effect of tea on ionizable 
iron are given in table I and figure 1. 

3 .1 . Total and ionizable Fe and effect of tea on ionizable iron in breakfast 
preparations 

The total iron in various breakfast preparations varied from 4.40 to 6.96 mg/100g 
dry weight and with an ionizable form being 25% to 33%. Percent ionizable and total Fe 
did not vary much with the type of preparation of the breakfast but had a bearing on the 
ingredients of the preparation. There was no difference in the percent ionizable Fe in upma 
and poori (26% in both) but there was a difference in the total Fe (6.5 mg in upma and 4.8 
mg in poori) though both the preparations are made from wheat. 

The inhibitory effect of tea on in-vitro ionizable iron varied from 25% to 53% with 
various breakfast preparations (Fig. 1), the lowest being observed wi th poori. a wheat 
preparation and the highest inhibition with uttappam, a rice and dhal preparation. The 
inhibitory effect of ionizable iron observed with wheat breakfast preparations (poori and 
upma) was significantly (P< 0.001) lower as compared with other breakfast preparations 
(rice and dhal preparations). 

3.2. Effect of food processing on in-vitro ionizable Fe 

Various kinds of processing of food materials like cooking, germination, roasting and 
malting on ionizable iron were investigated and the data are presented in table ! 

It can be seen from the table that processing has resulted in the increase in ionizable 
iron to various extents in all the foods tested. However, the increase was higher on 
roasting and malting than cooking and germination. 

3.3. Ascorbic acid and tannic acid content on processing 

Tannin content in various foodstuffs on processing is given in table III and ascorbic 
acid content on germination is given in table IV. It can be seen from the table that tannin 
content did not vary much in many of the foods with various kinds of processing. 
However, ascorbic acid content on germination increased two to four fold in the pulses 
tested. 

33 



3.4. Tannin content in green leafy vegetables 

Table V gives the values of tannin in various green leafy vegetables commonly 
consumed. The tannin content varied from 183.5 to 226.1 mg/IOOg except gongura 
which had low tannin content of only 80.1 mg/IOOg. 

3.5. Ascorbic acid content in various foodstuffs 

The results of ascorbic acid content in cereals, whole pulses, split pulses are given 
in Table VI. Ascorbic acid content was lowest in split pulses as compered to cereals, 
(except rice) and whole pulses. Whole pulses and cereals had more or less similar values 
of ascorbic acid. 

3.6. Total and soluble Zn in green leafy vegetables, groundnuts and in various 
processed foodstuffs 

The total and soluble Zn contents of groundnut and green leafy vegetables are given 
in table VII. Total Zn as well as soluble Zn in green leafy vegetables varied narrowly from 
one another. Though the total Zn in groundnuts is in the same range as found in green 
leafy vegetables, the soluble Zn was significantly lower in groundnuts as compared to 
green leafy vegetables. 

Total and soluble zinc following various kinds of processing are given in table VIII. 
It can be seen that cooking and malting did not have much effect on soluble Zn. whereas 
on germination, the soluble Zn has increased considerably. 

3.7. Comparison of chemical and isotopic method of in-vitro ionizable iron and 
soluble Zn in various foods 

A large number and variety of foodstuffs and a number of breakfasts were analyzed 
for in-vitro ionizable iron both by the chemical as well as by the extrinsic isotope methods 
and the results are compared and given in figures 2 and 3 respectively. The values of 
percent ionizable iron by both methods were found to be similar and the correlation 
coefficient was found to be 0.986 in foodstuffs and 0.925 in the breakfast samples. 
Similar methods were followed for soluble Zn in various foodstuffs, and the results were 
found to be comparable. The data is given in figure 4 and the correlation coefficient was 
found to be 0.984. 

4 . CONCLUSIONS 

The results clearly demonstrated that various kinds of processing of foodstuffs 
resulted in marginal to high increases in ionizable iron; the highest was observed with 
malting. Food processing did not alter much the tannin content but remarkably increased 
ascorbic acid on germination. Higher ionizable iron observed on malting, a process 
involving germination, may be attributable to increased ascorbic acid content. High in-vitro 
ionizable iron in green leafy vegetables may be attributable to high ascorbic acid content 
of about 100 mg in spite of having 150 mg of tannin, which may be considered as high. 
Total ascorbic acid content was marginal in cereals and whole pulses, but was low in rice 
and split pulses. 

Total zinc and soluble zinc in green leafy vegetables indicated that, though the total 
Zn was low, soluble Zn was high and was around 65%. Soluble Zn on processing 
indicated increased u l i a b i l i t y with processino particularly with germination. 
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The totai iron intake from various breakfasts varied from 4.6 to 7.4 mg, about 2 0 % 
of the RDA for Fe. Tea had pronounced inhibitory effect on the ionizable Fe of the various 
breakfasts, maybe because of the high tannin content in tea. Similar observations were 
also made earlier. The inhibitory effect of tea was less on wheat based breakfasts as 
compared to other breakfasts. 

5. FUTURE PLAN OF WORK 

O) Bioavailability studies of iron using the extrinsic tag method and a whole body 
counter in human volunteers will be initiated shortly. 

(2) The regional diets planned to be investigated include the following staples: 
(i) rice 
(ii) wheat 
(iii) jowar 
(iv) ragi 
(v) maize 
(vi) bajra 

Each of the above staples will be studied with the side dish combination of 
(i) pulses, (ii) meat, (iii) GLV, (iv) vegetables (v) fish and (vi) milk products. 

(3) Infant food formulae will be studied using in-vitro methods for the availability 
of Fe and Zn. 

Three papers are now in preparation for publication. 
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Co TABLE I. 

BREAKFAST ITEMS MAJOR INGREDIENTS METHOD OF 
PREPARATION 

TOTAL IRON PERCENT 
I0NIZABLE IRON 

m g / T O T A L 
BREAKFAST 

m g / 100 g 
DRY WT. 

1 . Idly + chutney + Sambar Parboiled Rice + Blackgram Dhal Steaming 4.63 ± 0.50 5.65 ± 0.41 25 ± 2.5 

l a . Idly -v Chutney + Sambar + Tea 

Parboiled Rice + Blackgram Dhal Steaming 

5.20 ± 0.57 5.25 ± 0.14 12 ± 2.0 

2. Uttappam + Khurma + Chutney Rice + Blackgram Dhal + Onions Open pan 
frying 

7.18 ± 0.51 4.82 ± 0.34 33 ± 2.0 

2a. Uttapam + Khurma + Chutney + Tea 

Rice + Blackgram Dhal + Onions Open pan 
frying 

7.44 ± 0.53 4.59 ± 0.34 16 ± 1.8 

3. Dosa + Curry + Chutney + Sambar Rice + Blackgram Dhal Open pan 
frying 

5.72 ± 0.48 4 .40 ± 0.37 30 ± 5.1 

3a. Dosa + Curry + Chutney + Sambar + Tea 

Rice + Blackgram Dhal Open pan 
frying 

6.56 ± 0.53 4.49 ± 0.36 17 ± 2.1 

4. Vada + Chutney + Sambar Blackgram Dhal Deep fat frying 6.89 ± 0.75 6.96 ± 0.75 25 ± 2.5 

4a. Vada + Chutney + Sambar + Tea 

Blackgram Dhal Deep fat frying 

6.84 ± 0.76 6.16 ± 0.68 15 ± 1.5 

j 5. Upma + Chutney Broken fine wheat Ordinary 
cooking 

4.68 ± 0.53 6.50 ± 0.72 26 ± 2.6 

5a. Upma + Chutney + Tea 

Broken fine wheat Ordinary 
cooking 

5.32 ± 0.56 6.26 ± 0.66 17 ± 2.2 

6. Poon + Khurma Wheat flour Deep fat frying 5.24 ± 0.58 4.76 ± 0.53 26 ± 1.8 

6a. Poori + Khurma + Tea 

Wheat flour Deep fat frying 

5.96 + 0.81 4.62 ± 0.62 20 ± 2.1 

Values are Mean ± SE of 6 samples 



TABLE II. EFFECT OF VARIOUS PROCESSING ON lONIZABLE IRON 

FOODS TOTAL Fe 
mg/1O0g 

PERCENT 
lONIZABLE Fe 

Cooking 

Rice 0.60 ± 0.03 (0.61 ± 0.09) 33.33 ± 1.60 (29.5 ± 4.75) 

Lentil dal 6.01 ± 0.20 (6.31 ± 0.21) 50.00 + 1.16 (31.70 ± 1.74) 

Redgram dal 3.63 ± 0.25 (3.62 ± 0.12) 36.64 ± 1.40 (23.50 ± 0.83) 

Germination 

j Greengram 6.10 ± 0.13 (6.12 ± 0.12) 11.70 ± 0.50(6.53 ± 1.31) 

Bengalgram 
(Desi) 

5.63 ± 0.26 (5.71 ± 0.20) 7.46 ± 0.53 (6.30 ± 0.35) 

Bengalgram 
(Kabuh) 

5.62 ± 0.44 (5.62 ± 0.40) 26.00 ± 2.1 (21.71 ± 0.53) 

Roasting 

Groundnut 3.82 ± 0.12 (3.81 ± 0.06) 6.81 ± 0.18 (3.67 ± 0.26) 

Bengalgram 
(Desi) 

5.60 ± 0.31 (5.71 ± 0.20) 15.00 ± 2.10(6.3 ± 0.35) Bengalgram 
(Desi) 

Bengalgram 
(Kabuli) 

5.55 ± 0.45 (5.62 ± 0.40) 42.70 ± 6.00 (21.71 ± 0.53) 

Malting 

Ragi 5.84 ± 0.25 (7.85 ± 1.66) 14.90 ± 0.70 (4.84 ± 0.25) 

Bajra 7.06 ± 1.20 (8.00 ± 0.92) 34.30 ± 2.41 (13.75 ± 2.12) 

Wheat 5.83 ± 0.35 (5.87 ± 0.26) 11.66 ± 1.40(7.70 ± 1.36) 

Sorghum 3.30 ± 0.20 (4.40 ± 0.50) 26.36 ± 2.45 (15.10 ± 0.90) 

Maize 2.87 ± 0.13 (2.73 ± 0.14) 34.84 ± 1.74 (25.30 ± 1.46) 

Values are mean ± SEM of 4 samples 

Figures in parenthesis indicate the values of unprocessed samples. 



TABLE III. TANNIN CONTENT IN VARIOUS PROCESSED FOODSTUFFS 

FOODSTUFFS mg/100g 

Malting 

Ragi 515.1 ± 102.00(598.2) 

Wheat 19.7 ± 0.96(21.9) 

Bajra 12.4 ± 1.40(12.9) 

Jowar 0.0 ± 0.00 (3.3) 

Maize 19.5 ± 0.97 (24.1) 

Roasting 

Bengalgram (Desi) 42.8 ± 6.33 (41.4) 

Bengalgram (Kabuli) 25.8 ± 2.57 (33.1) 

Groundnut 355.0 ± 0.13 (765.1) 

Germination 

Greengram 104.5 ± 9.40 (100.4) 

3engalgram (Desi) 41.4 ± 8.01 (41.4) 

Bengalgram (Kabuli) 22.9 ± 3.18 (33.1) 

Cooking 

Rice ND (-) 

Lentil Dal 9.55 ± 0.55(41.8 ± 3.51) 

Redgram Dal 8.55 ± 2.31 (44.00 ± 2.36) 

Values are mean ± SEM of 4 samples 

Figures in parenthesis indicate the values of unprocessed samples 
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TABLE IV. ASCORBIC ACID IN GERMINATED PULSES (mg/IOOg) 

FOODSTUFFS mg/100g 

Bengalgram (Desi) 17.8 ± 0.55 (5.6) 

Bengalgram (Kabuli) 18.0 ± 0.52 (5.5) 

Greengram 47.5 ± 0.70 (29.8) 

Values are mean ± SEM of 4 samples 

Figures in parenthesis indicate the values of unprocessed samples 

TABLE V. TANNIN CONTENT IN GREEN LEAFY VEGETABLES 

FOODSTUFFS mg/IOOg 

Agathi 183.5 ± 1.35 

Bachali 192.3 ± 6.20 

Fenugreek 226.1 ± 8.32 

Gongura 80.1 ± 7.18 

Amaranth 198.5 ± 12.90 

Spinach 185.3 ± 12.26 

Values are mean ± SEM of 4 samples 



TABLE VI. ASCORBIC ACID CONTENT IN VARIOUS FOODSTUFFS 

FOODSTUFFS 

Jowar 

Wheat 

Maize 

Ragi 

Bajra 

Rice 

Blackgram (kabuli) 

Bengalgram (Desi) 

Greengram 

Rajma 

Lentil 

Peas 

Blackgram 

Bengalgram 

Greengram 

Lentil 

Redgram 

Values are mean ± SEM of 6 sam 

mg/100g 

Cereals 

14.1 ± 0.23 

16.0 ± 0.61 

20.3 ± 0.66 

32.4 ± 1.06 

31.7 ± 1.10 

1.5 ± 0.13 

Whole pulses 

49.9 ± 0.98 

15.5 ± 0.31 

15.6 ± 0.23 

51.3 ± 1.34 

27.0 ± 0.85 

18.6 ± 0.74 

Split pulses 

3.6 ± 0.24 

5.3 ± 0.20 

8.3 ± 0.24 

2.8 ± 0.14 

6.73 ± 0.23 

4 0 



TABLE VII. TOTAL AND SOL JBLE Zn IN GREEN LEAFY VEGETABLES AND 
GROUNDNUT 

FOOD ITEMS TOTAL Zn 
mg/IOOg 

SOLUBLE Zn % 

Bachali 3.5 ± 0.11 66.9 ± 1.17 

Agathi 2.9 ± 0.06 64.4 ± 1.83 

Gongura 2.6 ± 0.57 67.2 ± 2.05 

Fenugreek 3.8 ± 0.15 67.0 ± 1.37 

Amaranth 3.8 ± 0.15 53.3 ± 0.96 

Spinach 2.8 ± 0.15 63.3 ± 0.56 

Groundnut 4.2 ± 0.28 7.2 ± 0.64 

Values are mean ± SEM of 4 samples 



TABLE VIII. TOTAL AND SOLUBLE Zn FOLLOWING VARIOUS KINDS 
OF FOOD PROCESSING 

1 FOOD ITEMS TOTAL Zn 
mg/IOOg 

SOLUBLE Zn % 

Cooking 

Rice 1.0 ± 0.03 (1.2) 13.2 ± 0.60 (11.0) 

Lentil dal 2.1 ± 0.11 (2.2) 54.1 ± 0.82 (36.2) 

Redgram dal 2.1 ± 0.08 (2.4) 46.1 ± 1.27 (45.4) 

Germination 

Greengram dal 2.3 ± 0.06 (2.5) 32.5 ± 1.23 (21.3) 

Bengalgram dal 
(Kabuli) 

2.1 ± 0.06 (2.4) 51.1 ± 3.03 (35.1) 

Bengalgram dal 
(Desi) 

3.1 ± 0.09 (3.5) 51.1 ± 1.34 (32.9) 

Malting 

Wheat 3.2 ± 0.15 (3.2) 2.7 ± 0.31 (1.6) 

Maize 2.2 ± 0.13 (2.7) 10.8 ± 0.17 (10.8) 

Sorghum 1.3 ± 0.13 (1.5) 3.8 ± 0.93 (4.6) 

Ragi 1.4 ± 0.05 (1.6) 11.5 ± 1.52 (13.5) 

Bajra 3.5 ± 0.12 (4.4) 15.6 ± 0.32 (13.8) 

VaUes are f/lean ± SEM of 4 samples 

Figures in parenthesis indicate values of unprocessed foods 
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FIG. 1 . Effect of tea on ionizabie iron in breakfast preparations 
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FIG. 2. Comparison of chemical and isotopic methods for assessing 
ionizable iron in foodstuffs 
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FIG. 3. Correlation between the chemical and isotopic methods for 
assessing lonizable iron in breakfast preparations 
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FIG. 4. Correlation between the chemical and isotopic methods for 
assessing soluble zinc in foodstuffs 
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Annex 6 

ISOTOPE-AIDED STUDIES OF THE BIOAVAILABILITY OF IRON 
FROM MYANMAR DIETS 

Khin-Maung-Naing" . Myo-Khin 2 

1. Nutrition Research division, 
2. Nuclear Medicine Research Division, 
Department of Medical Research, 
Yangon, Myanmar 

• Chief Scientific Investigator 

Abstract 

A study was conducted to determine the dietary intakes and serum levels of 
iron and zinc in twenty apparently healthy Myanmar adults (10 males and 10 
females), using atomic absorption spectrophotometry. The mean iron intake 
of females was found to be lo wer than the FA O/WHO recommended alio wance 
whereas for men it was found to be adequate. The mean serum iron 
concentration in females was found to be significantly lower than in males (p 
< 0.05). It was observed that zinc intakes of males was significantly higher 
than in females (p < 0.01) but there was no significant difference in serum 
zinc level between the two groups. The dietary zinc intakes of both groups 
were found to be low. There was a weak positive correlation between dietary 
intake and serum concentrations of these minerals. Laboratory scale 
production of iron-fortified salt containing 1 mg of Fe/g salt was conducted by 
mixing 5g of FeS04.7H20, and 5g of sodium-hexa-metaphosphate thoroughly 
and then the mixture was again mixed with 1 kg of salt. This was done in July 
1992. The stability of iron-fortified salt (i.e. change in colour of salt) as well 
as ferrous and ferric iron content of iron-fortified salt, were determined at 
monthly intervals. The iron-fortified salt was found to be stable up to the time 
of report writing, i.e 3rd week of October, 1992. The ferrous iron content of 
salt was found to range between 0.95 to 0.98 mg Fe/g salt. Bioavailability 
studies of iron from two types of standard meals, one containing staple rice, 
32 g of fish, water cress, watery fish paste and cucumber, and another 
containing boiled peas in place of fish, were conducted on two groups of male 
subjects using 59Fe as an extrinsic tag. Bioavailability studies of iron from the 
above two types of meals cooked with iron-fortified salt (1 mg/g salt) were also 
conducted on the same groups of subjects using S9Fe as an extrinsic tag. 
Reference dose absorption of iron will be conducted. This work is in progress. 

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

Like many other developing countries, iron deficiency anaemia is one of the most 
important nutritional problems in Myanmar. 

Studies conducted during 1965-1971 reported that the prevalence of iron deficiency 
was 13 to 24% among pregnant women, 5 to 15% among women generally, 3 to 27% 
in children and 1 to 5% among men when assessed by Hb concentration of less than 
11 g/dL and serum iron concentration of less than 50 pg/6L \^). 
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Thane-Toe and Them-Than. 1982 |2) reported that among 135 pregnant women 
between 22 to 28 weeks of pregnancy iron deficiency (ferritin level less than 10 pg/L) was 
observed in 58.4% of pregnant women compared to an incidence of 17.8% when 
assessed by serum iron concentration of less th«n 50 yvg/dl. 

The iron nutritional status survey recently conducted among 183 children of 6-16 
years age group in a rural community indicated that 15.1 % of children were iron deficient 
(serum ferritin < 10 j /g / l ) . compared to an incidence of 15.3% when assessed by se rum 
iron concentration of less than 50 //g/dl [31. 

1.1. Dietary Survey 

Dietary iron intake by duplicate meal analysis ranged from 14.7 to 30 mg per capita 
per day and dietary iron contributed by foods of animal origin ranged from 2.8 to 2 0 % of 
the total dietary iron intake. The mean animal protein intake was 11.3 g/d. which is about 
20% of total daily protein intake. In a population such as ours, nre and vegetables are the 
staples but consumption of fish and meat is extremely variable depending upon the season 
and other factors. 

1.2. Isotope-aided studies of the bioavailability of iron from Myanmar rice-based meals 

Non-hem» iron absorption from Myanmar meals was measured using the method of 
adding the extrinsic radio-iron tracer to label the non-heme iron in the whole meal. Non-
heme iron absorption from a basal meal of rice, vegetable and spices containing 7.6 mg 
of total iron was 1.4%. Addition of 40g of fish to the basal meal ir.rrroased the iron 
absorption to 6 .4% in men and 11.9% in women 141. Non-heme iron absorption from 
Southeast Asian diet similar to Myanmar rice and vegetable diet would be insufficient to 
maintain iron balance but consumption of fish and meat at various intervals will increase 
the iron absorption on these occasions to a level which probably has helped to maintain 
a precarious iron balance over the years in a majority of people 14). 

Studies were also conducted on the effect of certain foods on bioavailability of iron 
from Myanmar meals. It wa > reported that coconut milk is an important inhibitor of non-
heme food iron absorption, .he mean °' decrease in absorption being 37% |5|. 

The overall aim of the present study is to reduce iron deficiency in the country by 
increasing the iron intake through salt fortification with iron and promotion of dietary 
eating habits to increase iron absorption. 

The primary research objectives are: 

(1) To establish method of fortifying generally consumed local food (common salt) with 
iron and to test the bioavailability of iron-fortified salt with standard meals 

• to find an iron compound, that is stable and having a good bioavailability and 
that is highly compatible with the candidate food vehicle even after a storage 
of about 6 months 

• to find out the appropriate level of fortification required. 

(2) To monitor the effectiveness of iron-fortified salt among children and women in a 
community. 

(3) To make a systematic study of dietary factors influencing the bioavailability of iron 
from a typical rice based meal (inhibitor/enhancer effect). 
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2. EXPERIMENTAL METHODS 

2.1 Dietary intakes and serum levels of iron and zinc of some Myanmar adults. 

A study was conducted to determine the dietary intakes and serum levels of iron and 
zinc from 20 apparently healthy Myanmar adults (10 males and 10 females). The subjects 
are staff of the Department of Medical Research, ages ranging from 24-40 years. 
Individual food intake surveys were conducted for 3 consecutive days and duplicate meals 
were collected on each day in acid-washed plastic coi'tainers. Samples were homogenized 
before dry ashing. Iron and zinc content of diets were analysed by atomic absorption 
spectrophotometer. Venous blood sample was drawn about 4 hours after breakfast from 
the same subject on the third day of the study. Care was taken to avoid mineral element 
contamination during sample collection and preparation. Serum iron and zinc 
concentrations were determined using atomic absorption spectrophotometry. 

2.2. Laboratory scale production of iron-fortified salt and testing of stability 

Laboratory scale production of iron-fortified salt containing 1 mg of Fe/g of salt was 
conducted by mixing 5g of FeS0 4.7H 20 and 5g of sodium-hexa-metaphosphate thoroughly 
and then the mixture was again mixed with 1 kg of salt according to the method of NIN, 
Hyderabad. This was done in first week of July, 1992. The stability of iron-fortified salt 
(i.e. change in colour of salt) as well as ferrous and ferric iron content of this salt were 
also determined at monthly intervals. The iron-fortified salt was found to be stable up to 
the time of report writing, i.e. the 3rd week of October, 1992. 

2.3. Isotope-aided studies of the bioavailability of iron from Myanmar diets cooked with 
ordinary salt and iron-fortified salt 

All subjects were apparently healthy Myanmar adult males with no hematological, 
alimentary or other disorders which may affect iron absorption. The subjects were divided 
into groups 1 and 2, each group consisting of 6 subjects (Table I), who were given 
standard Myanmar meals 1 and 2 respectively each extrinsically tagged with 2 j/Ci 5 9FeCI 3 . 
The sequence of the experiment was as follows. 

a) Blood collection for determination of Hb, PCV and ferritin and background 
radioactivity one day before feeding experiment. Subjects with normal Hb and PCV 
were included in the feeding experiment. 

b) Feeding of standard meal (1 or 2) cooked with ordinary salt tagging the cooked rice 
with 5 9Fe to the subjects after a 10 hr fast. 

c) Collection of blood samples 14 days after the first feeding experiment to measure 
radioactivity for determination of iron bioavailability from standard meals cooked with 
ordinary salt (day 14). 

d) Feeding of standard meal cooked with iron-fortified salt (1 mg Fe/g salt) extrinsically 
labelled with 6 9Fe to cooked rice after blood collection on day 14. 

e) Collection of blood 14 days after the second feeding experiment to measure iron 
bioavailability of meal cooked with iron-fortified salt after making necessary 
correction for residual radioactivity from the first meal (day 28). 

f) Oral administration of reference dose of 5 9Fe with ferrous sulphate in 0.1N HCI and 
ascorbic acid with 40 ml water after an overnight fast (day 28V 
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g) Collection of blood 14 days after administration the reference dose to measure 
absorption of the reference dose (day 42). 

2.4. Preparation and composition of meals 

Two Standard Myanmar meals were prepared (Table II). Meal 1 consisted of: 

(a) Boiled polished rice 
(b) Fish curry (carp, edible portion) - cooked with palm oil, salt, turmerc, tomato and 

chili paste (made up of dried chilies, red onions, ginger and garlic) 
(c) Water spinach (Ipomea aquatica) - shallow fried with garlic-flavored oil 
(d) Watery fish paste (fermented) - boiled with water to give a salty fluid. 
(e) Raw cucumber. 

Meal 2 consisted of boiled peas fried with oil and onion in place of fish curry, the 
other dishes being the same. The foods were cooked in aluminum pots and the whole 
meal was served on plastic plates. As is customary tn Myanmar, the different dishes were 
eaten together with rice at the same time, and noc in courses one after another. The meal 
was served at 10 a.m. after an overnight fast of 10 hr and no food or drink was allowed 
for 3 hr after the meal exceot water. It was ensured that all the food served was 
consumed and none left on the plates. 

A duplicate meal sample of the whole meal was homogenized and frozen for the 
chemical analysis of total iron, ascorbic acid and phytate content. 

3. RESULTS 

3 .1 . Dietary intakes and serum levels of iron and zinc of some Myanmar adults 

The results are summarized in Table III. The mean iron intake of females was found 
to be lower than the WHO recommended allowance [6], whereas for men it was found to 
be adequate. The mean serum iron concentration of females was significantly lower than 
in the male, p < 0.05 (Table IV). It was found that zinc intake of males was significantly 
higher than in females (p < 0.01) but there was no significant difference in serum zinc 
level between the two groups. The dietary zinc intakes of both groups were found to be 
low. A weak positive correlation between dietary intakes and serum concentrations of 
these minerals was observed (for iron r = +0.25 and for zinc r = +0.03). 

3.2. Laboratory scale preparation of iron-fortified salt and testing of stability 

The iron fortified salt was found to be stable at the time of report writing, i.e. the 3rd 
week of October, 1992. No change in colour was ohoerved. Ferrous iron content of iron 
fortified salt ranged between 0.95 to 0.98 g/kg salt. 
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4. FUTURE WORK PLANS 

Isotope-aided studies of the bioavailability of iron from Myanmar standard meals 
cooked with ordinary salt and iron-fortified salt will be conducted on non-pregnant non-
lactating females and also on women of reproductive age who are not likely to be 
pregnant. 5 9Fe will be used as an extrinsic tag and the procedures will be the same as 
previously described for males. The level of fortificant will also vary as required. 

The effect of dietary factors affecting the bioavailability of dietary iron from a 
standard meal will also be studied (inhibitor or enhancer effect). The degree of inhibiting 
effect of pickled tea with fried onion and peanut, occasionally eaten after meals by 
Myanmar, will be tested. The inhibiting effect of soya bean product eaten by some 
national groups in Myanmar will also be tested. Two types of commonly eaten fermented 
vegetables and two types of green leafy vegetables with high citric acid content, namely 
Acacia and Sorrel, which are consumed as soup together with rice based meals in 
Myanmar, will be tested for enhancing effect on food iron absorption. 

For monitoring the effectiveness of iron fortification of salt on iron status, children 
and women of reproductive age in a community will be tested before, 6 months and 1 year 
after consumption of iron-fortified salt. Fasting venous blood samples will be taken and 
measurements made on Hb, PCV, SI and serum ferritin. At the end of 6 months and 1 
year a new haematological evaluation will be conducted, and the effectiveness of salt 
fortification will be evaluated. A control group will also be included in the study and each 
experimental and control group will consist of 75 subjects. 

This will serve as a pilot experiment for the "Feasibility study of Iron Fortification 
Programme in Myanmar", which is planned to be conducted in the near future. 
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TABLE I. PHYSICAL AND HEMATOLOGICAL CHARACTERISTICS OF THE SUBJECTS 
STUDIED 

Group Sex No. of 
Subjects 

Age 
<yr) 

Ht 
(err.) 

Wt Hb 
(kg) (g/lOOml) 

PCV 
<*> 

1 Male 6 33 163.75 51.05 16.32 46.5 

2 Male 6 33 162.6 51.12 15.44 43.3 

TABLE II. COMPOSITION OF MEALS 

Items Amount (g) 

Standard meal 1 Standard meal 2 

Boiled polished rice 
Fish (Carp, E.P) 
Boiled peas, fried 
Vegetable (water spinach) 
Fish Paste (watery) 
Cucumber 
Garlic 
Onion 
Chili,dry 
Palm oil 
Tomato 
Ginger 
Salt 

300 
32 

50 
10 
25 
4.5 
7.5 
3.0 
30.0 
33.0 
1.5 
2.2 

300 

95 
50 
10 
25 
5.0 
15.0 
1.5 
37.0 

2.0 
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TABLE III. MEAN DAILY INTAKE OF IRON AND ZINC OF SOME MYANMA* 
ADULTS 

Iron 
Sex Intake 

mg/d 
RDA 

mg/d 
% of 
RDA 

Zinc 
Intake 
mg/d 

RDA* 
mg/d 

% of RDA 

Male 25.5 + 1.59 9 283 
Female 21.01+ 1.63 28 75 

9.79*+ 0.62 11 - 22 89-44.5 
7.51 + 0.39 il - 22 68-34 

RDA for iron with animal foods below 10% of calories, WHO(1973) 
* Zn intake is significantly higher in male (p < 0.01) 
** Lower value applies when available Zn is 20% and higher value when 10% 
is available, WHO (1973). 

TABLE IV. SERUM IRON AND ZINC CONCENTRATIONS OF MYANMAR ADULTS 
(MEAN + S.E) 

Serum 
Mineral Men Women 

Normal Value 
Harper (1990) 

Iron mg/L 
Zinc mg/L 

1.47*+ 0.13 
1.19 + 0.06 

1.05 + 0.13 
1.34 + 0.12 

0.5 - 1.75 
0.5 - 1.5 

Serum iron concentration is significantly higher in male than female 
(p < 0.05). 
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Annex 7 

STUDIES ON ANAEMIA OF PREGNANCY: THERAPEUTIC RESPONSE TO 
HAEMATINICS AND ON THE BIRTH WEIGHTS OF THEIR NEWBORNS. AND 
ROLE OF MALABSORPTION IN ANAEMIC CHILDREN * 

M. Ataur Rahman 
Baqai Medical College, Department of Biochemistry, Karachi, Pakistan 

Anaemia is commonly found in Pakistan especially in pregnant women and children 
of low socio-economic classes. Malnutrition and anaemia in pregnancy is clso associated 
with impaired foetal and infant health. The pregnant women (n=102) in their third 
trimester of pregnancy without any obstetrical complications were the subjects for this 
study and 53.9 % of them were anaemic with haemoglobin levels less than 11 g/dl. They 
were treated with either iron alone (100 mg/day), supplemented with folic acid (10 
mg/day) or with folic acid (10 mg/day), vitamin B T 2 (2//g/day) and vitamin C (140 mg/day) 
for 4 weeks. The biochemical parameters were repeated after 4 weeks of treatment and 
an improvement was observed when iron was supplemented with folic acid. 

The effect of malnutrition and anaemia of pregnant moment was assessed on the 
birth weights of their newborns in 124 women. The newborns were divided into 3 groups 
i.e. Small for age (< 2.5 Kg), average birth weight (2.5 - 3.5 Kg) and large for age ( > 3.5 
Kg). The dietary history indicated a low intake of energy, protein and iron in mothers of 
small infants. On the basis of biochemical parameters it was concluded that the mothers 
were malnourished and anaemic which was more evident in mothers of small infants. 

The role of malabsorption was studied in 42 children suffering from malnutrition and 
anaemia and they were divided into 5 groups, i.e. fibrocystic disease of the pancreas. 
(n = 9), coeliac disease (n = 17), lactose intolerance (n = 5), PEM (n = 5) and non-specific 
diarrhoea (n = 6) on the basis of history, clinical impression and biochemical findings. 
Xylose and lactose tolerance tests were performed after oral dose of xylose or lactose 
respectively. The various biochemical indices studied indicate that malabsorption plays an 
important role in malnutrition and anaemia. 

Editorial note 

Although a full working paper was provided, only the abstract is reproduced 
here since, up to the time o' the RCM, isotope techniques had not yet been 
used in this project. 
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Annex 8 

ISOTOPE AIDED STUDIES OF THE BIOAVAILABILITY OF IRON FROM HUMAN 
DIETS CONSUMED IN PERU 

Nelly Zavaleta 1, Mary Penny1, Rocio Berlanga1, Alfredo Diaz2 Eduardo Montoya 2 , 
Bo Lonnerdal3. 
1 Instituto de Investigacion Nutricional (UN), P.O.Box 18.0191 Lima 18 - PERU 
2 Instituto Peruano de Energi'a Nuclear (IPEN), Av Canada 1470 Lima 13 - PERU 
3 Department of Nutrition, University of California, Davis, CA. USA 

Abstract 

Iron deficiency anaemia is an important health problem in Peru, which affects 
approximately 25 % of the population. The most vulnerable groups are 
children below 5 years of age and pregnant women, of whom 64% and 53% 
respectively are anemic. The main reason for this deficiency is inadequate iron 
intake. Heme iron consumption is very low, and non-heme iron is virtually the 
only source of iron in the diet. Despite regional differences in food 
consumption, wheat, salt and sugar are widely consumed in all areas. Wheat 
is likely to be the most suitable food vehicle for iron fortification due to the 
processing required. Based on the recent food consumption surveys conducted 
in Lima by the UN, we selected examples of typical main meals and measured 
iron bioavailability in the diet using an extrinsic tag method with 1.5 pCi of59Fe 
and 5 pCi of 55Fe as markers. Coffee with bread and butter for breakfast, 
noodle soup with vegetables, rice with seasoned tripe (cow), bread and 
lemonade for lunch; and noodle soup with vegetables and bread for dinner were 
used to measure iron absorption. Thirteen adults in apparent good health, 5 
male and 8 female, with normal hemoglobin levels participated in the study. 
The mean iron absorption from breakfast was 4.2% ± 4.1; from lunch 14.65% 
± 10.95, and from dinner 5.1% ± 2.84. The presence of heme iron from 
tripe and ascorbic acid from lemonade improved iron absorption. 

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

Iron deficiency anemia is the most common single nutrient deficiency in the world 
[1-51. Its prevalence is worldwide, although the most affected are the developing 
countries (2-3] 

Pregnant women and small children are the high risk groups to develop iron 
deficiency anemia due to their higher iron requirements (1-3]. Iron-deficiency alters cellular 
immunity and may produce an increase in morbidity due to infectious diseases (5). It also 
produces a decrease in work capacity (6-81. In children, iron deficiency affects learning 
capacity and results in changes in behavior (9-11 ]. In pregnancy, there is information that 
suggests that severe anemia increases the risk of maternal morbidity and mortality as well 
as premature delivery [3]. The control of iron deficiency has considerable potential in the 
improvement of maternal and child health. 

In Peru there is no programme for combating iron deficiency. Considering the 
importance of this nutrient in the health status of the mother and child, we were motivated 
to develop a programme of iron fortification as a strategy for combating anaemia. As an 
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essential first step in this strategy, we carried out a representative population based survey 
in the city of Lima (30% of the national population) to measure the prevalence of iron 
deficiency anaemia in these risk groups. The International Atomic Energy Agency 
supported part of this survey last year, preliminary results were presented during the First 
Research Co-ordination Meeting. 

Information on socio-economical indicators, pre-natal control and anthropometry were 
recorded. Presently we are analysing the correlation of these variables with the level of 
anaemia. 

We have recently obtained a grant from the Panamerican Health Organization (PAHO) 
which will complement the above mentioned studies and allow us to measure the extent 
to which iron deficiency explains the high rates of anemia that have been observed among 
pregnant women in Lima (53%) and to assess the prevalence of other micro-nutrient 
deficiencies in this representative sample of pregnant women from Lima, Peru. We have 
partially analysed these samples (ferritin and folic acid). Results will be presented later. 

In addition we obtained information on food consumption, for the selection of an 
appropriate food vehicle and the selection of the main meals consumed by most of the 
population in the city of Lima. Some examples of these diets were used to measure iron 
bioavailability. This information also had been useful for the demonstration of the severity 
of this nutritional deficiency in the country and make the local authorities aware of the 
problem and the necessity of developing programmes to combat anaemia. 

The specific objective of this study during this year was to measure iron 
bioavailability from common diets. 

2. EXPERIMENTAL METHOD 

Subjects 

Eight non- pregnant women and five men in apparent good health ranging in ages 
from 26 to 45 years old, residents in Lima participated. Written informed consent was 
obtained from each volunteer subject before participation. Approval was obtained from 
the Ethical Committee of the Instituto de Investigacion Nutricional and from the IMational 
Atomic Energy Institute. 

Foods 

Each volunteer subject consumed the following. Breakfast: coffee (1 cup 300 ml 
with 2.6 g instant coffee and 21.3 g brown sugar), 2 bread rolls of 27.5 g each with 5 g 
butter. Lunch: Vegetable soup 150 g and 150 g of rice with cow tripe stew. Lemonade: 
200 ml , lemon juice ( 9 ml) with 10 g of sugar. Dinner: vegetable soup 417 g, with 2 
bread rolls 28 g each. Meals were prepared in the Institute's kitchen according to the 
recipes obtained from the study. 

Absorption measurements 

On day 1, a venous blood sample was obtained to determine hemoglobin then they 
were given an aqueous solution of ferrous sulphate 3 mg containing a 2:1 molar ratio of 
ascorbic acid to iron, labeled with 5 9FeCI 3 1.5 ^Ci as a drink, 3 hours later they consumed 
a porridge made by mixing the vegetable soup with the rice and cow tripe, labelled with 
5 //Ci of 5 5FeCI 3 . 
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On day 14. A venous blood sample was obtained to measure the radioactivity 
incorporated into erythrocytes. Then they received coffee 300 ml and 2 rolls (55 g) with 
butter (10 g) labelled with 1.5 /vCi of 5 9FeCI 3. Three hours later they ate a vegetable soup 
400 g with 2 rolls (55 g) labelled with 5 fjCi of 5 5FeCI 3. 

On day 28 a venous blood sample was taken in order to calculate the increase in 
radioactivity between days 14 and 28. 

All test meals were eaten after 10 hrs fast in the morning, only water was allowed 
for 3 hours following the test foods. Blood sample was analysed according with the 
method of Eakins and Brown [13]. The activity of radioisotope - was analysed with a liquid 
scintillation counter (Tri-Carb Packard). The percentage absorption was calculated on the 
assumption that 100% of the absorbed radioactivity was present in the hemoglobin. Blood 
volume of each subject was calculated by sex weight and height according to Nadler 116) 

Statistical analysis 

Iron absorption is expressed as percentage of the administered dose. Results are 
expressed in Mean and 1 Standard deviation. Comparison of absorption of a pair of diet 
between the same subject was done by t test. 

3. RESULTS OBTAINED 

Table I shows the main characteristics of the volunteers in the study. Table II, 
shows the nutritional content of the tested meals. Total iron intake is rather low compared 
with requirements. 

Bioavailability of iron in lunch was good and was significantly different from dinner 
and breakfast (see Table III). We cannot conclude if the low iron absorption from bread 
is affected by coffee. 

Despite low iron content in the meals, absorption was good in lunch possibly due to 
the action of the promoters ascorbic acid and heme iron. 

4. CONCLUSIONS 

1. The improvement of iron intake through an iron fortification strategy is the best 
approach to combat iron deficiency in Peru. 

2. Total iron content of these common foods is low. However absorption can be 
improved by the consumption of ascorbic acid and a small amount of heme iron. 

5. PLANS FOR FUTURE WORK 

1. To continue with the study of iron absorption from other common diets. 

2. To evaluate iron absorption from the meals after adding extra iron to the food vehicle 
(bread). 

3. To evaluate iron bioavailability in weaning foods (in adult models). 

4. To evaluate iron bioavailability at high altitudes. 
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TABLE I. CHARACTERISTICS OF THE SUBJECTS 

CODE SEX AGE WEIGHT 
Kg-

HEIGTH 
m. 

HEMOGLOBIN 
Gr/dl 

10 F 36 67 158.4 14.5 

11 F 35 57 157.9 12.1 

12 F 28 53.5 151.9 12.4 

13 F 40 59 173.3 12.6 

14 F 27 52 157.6 12.1 

I 15 F 40 67 164.4 11.3 

I 16 M 32 64 177.2 14.98 

17 F 25 64 163.8 13.4 

18 F 37 54 151.4 13.9 I 
19 M 45 81 175.6 12.6 1 
20 M 28 70 178.0 16.0 1 
21 M 37 63 173.8 14.4 

22 M 30 85 176.6 14.9 J 

TABLE II. NUTRITIONAL CONTENT OF COMMON PERUVIAN MEALS 

MEALS Calories Protein g Fat g Iron mg Vit-C mg 

Breakfast 317 4.7 8.21 1.1 0.6 

Lunch 768 23.7 21.09 3.2 28.1 

Dinner 239 10.6 5.9 1.0 4.7 

TOTAL 1324 39.0 35.2 5.3 33.4 
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TABLE III. IRON ABSORPTION FROM MEALS (% OF DOSE) 

CODE Ferrous 
ascorbate Lunch Breakfast Dinner 

10 26.88 7.43 4.7 4.27 

11 38.30 47.22 13.59 7.36 

12 18.81 - 8.9 11.49 

13 2.94 5.79 2.2 3.92 

14 8 1 7 12.56 4.84 2.2 

15 21.71 19.11 7.64 5.11 

16 14.07 13.31 - 4.4 

17 23.90 12.1 0.45 1.68 

18 14.22 9.74 4.48 4.46 

19 10.4 9.21 0.92 7.85 

20 10.34 16 63 1 5 6 6.11 | 

21 2.01 8-4 0.21 , 0 

22 9.29 14.37 0.92 6.79 
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Annex 9 

IRON AND ZINC ABSORPTION FROM WEANING FOODS PREPARED FROM 
GERMINATED CEREALS AND LEGUMES USING ISOTOPE TRACERS 

Divinagracia H. Valdez, Miriam D. Kuizon, Lydia M. Marero, 
Aida C. Mallillin, Erlinda M. Cruz and Juanita R. M a l a g a 

Food and Nutrition Research Institute 
Department of Science and Technology 
Manila, Philippines 

Abstract 

Iron bioavailability from weaning foods prepared from 70:30 combination of 
germinated rice:mungbean (GRM); germinated rice: cowpea (GRC) and 
germinated corn.mungbean (GCM) was determined by radioisotopic 
measurements of iron absorption in human subjects. The gruels were prepared 
as plain with sugar and flavoring labeled by the extrinsic tag method, and 
served as hot porridge. It was estimated that iron-deficient infants would 
absorb 3.5% from GRM, 4.9% from GRC and 5.6% from GCM. Differences 
between absorption among the weaning foods were not statistically significant. 
Planning of diets for these age group should include other souces of iron 
especially heme. Zinc absorption from the weaning food formulations will be 
studied by the in vitro and in vivo methods. For the in vivo method on human 
subjects, the absorption of zinc will be determined from the measurement of 
the whole body retention of the isotope 14 days after intake of the labeled 
meal. Serum zinc level will be determined to assess the zinc status of the 
subjects. 

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

Iron deficiency anemia is a public health problem in the Philippines. The prt.alence 
of anemia was still high in 6 mo to < 1 y infant (70.4%), children (38.7 to 41.2%), the 
elderly (46.9%), pregnant women (45.2%) and lactating mothers (50.6%) [1]. This 
finding could be due to inadequate intakes of available iron since the iron intake of infants 
and children 6 mo to 6 y was 87.1 % of the recommended dietary allowance (RDA) while 
those of pregnant and lactating women met only 61.9 and 55.4% of the RDA, 
respectively. Data on food sources showed that cereals and cereal products were the 
main contributor of iron, supplying 42.1 % of total iron intake, ,/vhile fish, meat and poultry 
contributed only 25.9% [21. Non-heme iron absorption from adequate Filipino meals 
showed 6.4% absorption [31. Among children 6 mo to 6 y, the prevalence of iron 
deficient erythropoiesis was 39.4% based on EP/dL blood and 37.6% based on EP/Hb 
ratio. Anemia was present in 40.7% of the subjects based on Hb level < 11g/dL Iron 
intake met only 41.2 to 73.5% of RDA [41. In pregnant women, the prevalence of iron 
deficiency anemia based on Hb < 11g/dL and abnormal vaiues for EP/PF was 14.6% [51. 

In the Philippines, weaning foods prepared at home usually consist of bulky, 
mono-cereal foods which are inadequate in energy and nutrient content. Recently, 
weaning food formulations were prepared by the Nutritional Food Product Section, FNRI 
from 70:30 combination of germinated cereals and legumes to meet tl.e energy and protein 
needs of Filipino infants and children [6]. Benefits of this technology provided included: 
reduced dietary bulk [61, improved protein quality and micronutrient composition [71, better 
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carbohydrate digestibility due to production of malto-oligosaccharides during germination 
and gruel preparation [8] and reduction or elimination of anti-nutritional factors (91. 
Germination, drying, dehusking, roasting and cooking significantly (P<.05) reduced 
anti-nutritional factors in the materials. Phytates and tannins in cooked gruel ultimately 
were too small to be of nutritional significance. All four formulations were well-tolerated 
by infants who showed no signs of stomach disorders, vomiting, rashes or fever 
throughout the 10-day feeding test [91. There is a need, however, to conduct iron and 
zinc absorption studies from weaning foods prepared from these germinated cereals and 
legumes to support the findings of increased micronutrient composition and decreased 
anti-nutritional factors based on chemical analysis. This study aims to measure the iron 
and zinc absorption from weaning foods prepared from germinated rice:mungbean, 
germinated rice.cowpea and germinated corn:mungbean as an answer to the need for 
research relating to the development and application of local intervention programs such 
as modification of local foods to improve iron absorption [101. 

2. EXPERIMENTAL METHOD 

2 .1 . Phase I: Preparation of Weaning Foods 

2.1.1. Preparation of test meals 

Figure 1 shows the flow-sheet for the preparation of flour from germinated cereals 
and legumes. The weaning food formulations were prepared from 70:30 combinations of 
germinated rice:mungbean (GRM), germinated ricexowpea (GRC) and germinated 
corn:mungbean (GCM). The gruel was prepared as plain with sugar and flavoring like 
Pandan leaf (Pandanus Copelandii Merr.) cooked at 95°C for 15 min and served as hot 
porridge. Table I shows the standardized formulation of gruels from flours 
measuring 3,000 cps viscosity. 

2.1.2. Composition of weaning food formulations 

The weaning food formulations were analyzed for total iron [111, ascorbic acid (1 21, 
phytic acid [131 and tannic acid (141. The meals were also analyzed for iron availability 
by in vitro radiochemical method (151. Table II shows the nutrient composition of the 
weaning food formulations. 

2.2. Phase II: Determination of Iron Bioavailability: 

2.2.1. Subjects 

The test weaning food formulations was studied in 14 healthy, normal human 
subjects, 6 males and 8 females, aged 20-38 years with no history of hematological 
abnormalizes or disorders known to influence gastro-intestinal absorption. A written 
informed consent was obtained from subjects before the study after receiving full 
explanation of the nature and purpose of the study. The study was approved by the 
National Health Research Ethics Committee, Philippine Council for Health Research and 
Development. 

2.2.2. Experimental design 

The meals were labeled with two radioiron tracers 5 9Fe and 5 5Fe and fed in four 
consecutive days as follows: GRM (59Fe), GRC (55Fe), GRC (5 5Fe), GRM (59Fe) to take into 
consideration the day-to-day variation in iron absorption. After fourteen days, blood was 
extracted from the subjects after an overnight fast for radioiron measurement. On the 
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next four days, the following formulations were fed: GCM (5 9Fe), Reference Dose r Fe), 
Reference Dose (5 5Fe), GCM (59Fe) and after fourteen days blood was again extracted from 
the subjects for radioiron measurements 116). Before the absorption study, blood was 
drawn from the subjects for determination of initial hemoglobin 117], hematocrit, serum 
ferritin [18], serum iron and total iron binding capacity 119]. These determinations were 
repeated at the end of the study. The test meals were consumed between 7:00 to 
9:00 AM after a 10 h overnight fast. Only water was allowed for 3 h after every 
administration of the meals and reference dose. The feeding protocol is shown in 
Appendix I. Each subject received 300 mL of gruel and an additional 200 mL was given 
to each subject as desired. The subjects were instructed to consume all the test meals 
entirely. 

2.2.3. Oral reference dose 

A solution of 10 mL of O.01 M hydrochloric acid containing 3 mg Fe as FeS0 4 and 
30 mg ascorbic acid labelled with 18.5 kBq (0.5 //Ci) 5 5Fe was used as the reference 
solution in the study. The 10 mL vials containing the Fe solution were rinsed twice and 
the rinsings were also consumed. Each subject received two reference doses after an 
overnight fast on two consecutive days. This oral reference dose was used to measure 
the absorptive capacity of each subject so that he can serve as his own control. 

2.2.4. Iron absorption measurements 

Relative absorption of 5 9Fe and 5 5Fe was calculated from analyses of blood samples 
by the method of Eakins and Brown 116]. The radioactivity was measured in a liquid 
scintillation counter available at the Philippine Nuclear Research Institute, DOST. 
Percentage absorption in each subject was calculated on the basis of a blood volume 
estimated from the sex, height and weight of the subjects on the assumption that 8 0 % 
of the absorbed radio-activity was incorporated into the circulating red cells 120]. 

2.2.5. Sta tis tical analysis 

Because the distribution of iron absorption data is positively skewed when expressed 
as a percentage of the administered dose, statistical analysis was performed on logarithms 
and the results reconverted to antiiogarithms to recover the original units [21 ]. Differences 
in iron absorption, from the weaning food formulations were tested by analysis of variance. 

2.3. Phase III - Determination of Zinc Bioavailability 

Zinc absorption from the weaning food formulations will be studied by the in vitro 
and in vivo method. For the in vivo the absorption of zinc will be determined on 30 human 
subjects, 10 for each weaning food from the measurement of the whole body retention 
of 6 5 Zn 14 days after intake of the labeled meal. Serum zinc level will be determined to 
assess the zinc status of the subjects. The weaning foods will be analyzed for zinc (AAS), 
calcium (AAS), magnesium (AAS) and nitrogen (kjeldahl). 

3. RESULTS AND DISCUSSION 

Estimates of the amount of iron absorbed from each meal in iron-deficient children 
was obtained by correcting the percentage absorption to a reference value of 6 0 % [22]. 
Table III shows the estimated iron absorption from the weaning food formulations adjusted 
for iron status. The geometric mean values are 3.5% for QRM, 4.9% for GRC and 5.6% 
for GCM. Thus children who take 100 g supplement daily might derive only 0.11 mg from 
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GRM, 0.21 from GRC and 18 mg from GCM. The daily requirement for absorbed iron has 
been estimated as 1.21 mg for 6 mo to < 1 y and 0.73 mg for 1-3 y children (23). The 
recommended quantity of 100 g/d might satisfy about 15. 29 and 25% of the iron 
requirements of 1 to 3 y children from GRM. GRC and GCM, respectively. 

The in vitro iron availability values of the meals are shown in Table IV. The mean 
iron availability values of the three weaning foods were all comparable to the 
corresponding mean absorption. These results indicate a promising in vitro alternative to 
the in vivo method which is difficult to conduct especially on infants and children for 
ethical reasons. 

4. CONCLUSIONS 

The study showed that the iron absorption from the three weaning food formulations 
ranged from 3.5 to 5.6%. In planning diets for these age groups, other rich sources of 
iron especially heme iron should be included to meet the RDA. 
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TABLE I. STANDARDIZED FORMULATION OF GRUELS* PREPARED FROM 70:30 
BLEND OF GERMINATED CEREALS (72 h) & LEGUMES (48 h) FLOURS 
MEASURING 3.000 CPS VISCOSITY 

Ingredients of gruels GRMk GBC b GCM k 

Weight of f l o u r 75 80 70 
(70:30 c e r e a l : l e g u m e ) 
b l end , g 

Volume of wa te r , mL 400 400 460 

Sugar, g 35 35 40 

F l a v o r i n g ( o p t i o n a l ) 
Pandan l ea f (Pandanus 

c o p e l a n d i i Merr . ) 1 1 -

Yield ( g r u e l ) , mL 437 386 495 

"The g r u e l s con ta ined 8.6 t o 10.8% p r o t e i n and 
food energy t h a t range from 426 t o 468 k c a l . 
bGRM-Germinated r ice:mungbean 
GCM-Germinated corn:mungbean 
GRC-Germinated r ice :cowpea 

TABLE II. CHEMICAL COMPOSITION OF WEANING FOOD FORMULATIONS1 

PREPARED FROM GERMINATED CEREALS AND LEGUMES 

Nutrient GRM GRC GCM 
per lOOmL gruel 

Protein (g) 1.95: 2.5 1.7 
Energy (kcal) 65.9: 79 54.7 

Iron (nig) 0.55 0.89 0.44 

Ascorbic acid 0.63 0.75 1.19 
(nig) 

Phytic acid (mg 3.6 3.0 4.5 
Tannic acid (mg Tr. Tr. Tr. 

'Formulations: 70:30 cereals:legumes to yield gruel with viscosity of 3000 cps 
2Source: Marero et a/. 1988 
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TABLE III. MEAN IRON ABSORPTION FROM THE WEANING FOOD FORMULATIONS 

Subjects Test Meal 
Mean Iron 
Absorption 
% of Dose 

Absorption 
Subjects Test Meal 

Mean Iron 
Absorption 
% of Dose % *60* mg Fe 

6 Males 
and 
8 Females 

GRM 
GRC 
GCM 

1.8 + 1.2 
2.5 + 1.2 
2.9 + 1.2 

3.5 + 1.2 
4.9 + 1.2 
5.6 + 1.2 

0.11 
0.21 
0.18 

•Corrected t o 60% REF absorption 

TABLE IV. COMPARISON BETWEEN MEAN in vitro AVAILABILITY AND 
in vivo ABSORPTION FROM THE WEANING FOOD FORMULATIONS 

Test Meals A60% in vitro Iron Availability 
% 

GRM 
GRC 
GCM 

3.5 + 1.2 
4.9 + 1.2 
5.6 + 1.2 

3.6 • 1.0 
3.7 + 1.1 
4.2 + 1.0 

Appendix I 
FEEDING PROTOCOL FOR EACH SUBJECT 

DAY 
5-13 14 15 16 17 18-27 28 

Baseline GRM GRC GRC GRM No Blood 
Feeding Extraction 

Data 

GCM R R GCM No Blood 
Feeding Extrac

tion 

GRM - germinated ricermungbean 
GRC - germinated ricercowpea 
GCM - germinated corn:mungbean 
R - Reference Dose 



Rice seeds 

Flotation 

Corn 

Sorting 

Mungbean 

Sorting 

Cowpea 

Sorting 

Soak in water (1:3 w/v) for 6 hr 

Germinate with watering 2 to 3 times a day in a 
plastic wicker basket or in clay pot with cover 

72 hr for rice/corn 
48 hr for mungbean/cowpea 

Wash thoroughly 

I 
Rice, Mungbean, Cowpea Corn 

Steam for 10 min. 

Dry at 60" C to 65" C for 10 to 12 hr 

Roast in 200-g batches over a low fire (95n C) 

3 min 

Mill 

Flour (60 mesh) 

FIG. 1. Flowsheet for the preparation of flour from germinated cereals and 
legumes. 
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Annex 10 

ISOTOPE-AIDED STUDIES OF THE BIOAVAILABILITY OF IRON AND ZINC FROM 
HUMAN DIETS CONSUMED IN POLAND 

Henryk Rafalski, Teresa Switoniak 
Medical Academy, Department of Hygiene 
Lodz, Poland 

Julian Liniecki, Janusz Bialobrzeski 
Medical Academy 
Lodz, Poland 

Abstract 

The bioavailability of food iron is affected oy a number of physiological and 
dietary variables and it should be checked for the population living in natural 
conditions. The primary purpose of this study was to measure in volunteers 
iron absorption alter oral administration of a wheat roll enriched with 15 mg of 
Fe as FeS04.7H20 and 20 pCi of 9Fe. For assessment of iron absorption 
whole body counting was used. The secondary purpose was to re/ate the 
available iron to iron stores, anthropometric indices, bleeding days and dietary 
variables. Thirteen female and 7 male healthy subjects aged between 19 and 
47 years were observed. Hematological measurements on blood: serum ferritin 
(SF), serum iron (SI), total iron binding capacity (TIBC), transferrin (ST), 
transferrin saturation (TS), hemoglobin (Hbl, hematocrit (Hctl, red blood cell 
(BBC), mean corpuscular volume (MCV) were made. The subjects were 
examined by a specialist in internal medicine. Their 24-hour recall food intake 
was performed by questionnaire. The findings concerning the purposes of the 
study may be summarized as follows: 1) mean absorbed iron was 1.6± 1.2 mg 
for women, and 0.5 ±0.2 mg for men; 2) iron stores evaluated from SF were 
in women 2.6 ±1.7 mg/kg body weight and in men 10.4 ±5.4 mg/kg; 3) blood 
indices proved iron deficiency anemia in 1 woman, Hb = 9.2 g/dL, SF= 1.8 
fjg/L, TS = 6%; in 4 women deficient iron stores were observed, Hb > 12g/dL, 
SF < 12 mg/L; 8 women and 7 men were normal; 4) in women the absorbed 
iron related inversely to SF (-0.61) and iron stores (-0.61); 5) the iron stores 
related to the sum of four skinfolds in women (0.55) and in men (0.80), in 
women it related to body weight (0.77) too; 6) in women the absorbed iron 
related to bleeding days (0.69); 7) in women ascorbic acid consumption related 
to iron store indices: SF, SI and TS. 

1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT. 

Iron deficiency anemia is due to a variety of factors such as low iron availability, 
extensive menstrual bleeding and others. To approach the prevention of iron deficiency 
it is necessary to know how much iron may be absorbed by normal persons living in 
natural conditions. One of the methods available to estimate iron bioavailability is an 
isotope-aided study using a whole body scintillation counter. 

The purpose of our study was to measure iron absorption after oral administration 
of a wheat roll enriched with 15 mg of iron and radioactive iron 5 9 Fe. 
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The relationships between absorbed iron and iron stores, hematological indices, 
nutritional variables, anthropometric data and, in women, also bleeding days, were 
analysed. 

2. EXPERIMENTAL METHOD 

The investigation was performed on a group of 13 female and 7 male volunteers. 
The mean age of women was 3 5 . 4 ± 8 years (range 19 to 47 years). The men were 26 
to 45 years old, mean 35.7 ± 7 years. Written informed consent was obtained from each 
volunteer and all experimental procedures were approved by the Human Subjects 
Committee at the Medical Academy in Lodz. The examined subjects were healthy and the 
women were suffering only from menstruation blood loss; they were not in pregnancy or 
a short time after delivery. 

Iron was administered in a wheat bread roll as a vehicle between 8 and 9 A .M. after 
an overnight fast. The 50 g bread roll was enriched with 74.7 mg FeS0 4 .7H 2 0 equivalent 
to 15 mg of iron and 20 //Ci of 5 9 FeS0 4 . The mean content of iron in a roll together with 
native iron amounted 1 5.8 mg. The rolls were baked in the Department of Nuclear 
Medicine, Medical Academy in Lodz in a microwave stove. They were kept refrigerated 
and were warmed up before consumption. They were eaten with a small amount of butter 
and 50 ml of water. The details concerning the bread roll content are described in the 
appendix 1. Before bread consumption blood was drawn from the elbow vein to estimate 
hematological indices: serum ferritin (SF), serum iron (SI), total iron binding capacity 
(TIBC), transferrin (ST), transferrin saturation (TS), hemoglobin (Hb), hematocrit (Hct), red 
blood cell (RBC) and mean corpuscular volume (MCV). Iron stores were calculated from 
the formula: iron store is equivalent to the product of serum ferritin and 8 mg. Whole body 
(both: AP and PA) retention measurements were accomplished 4 hours and 6 days after 
consuming the bread. The measurements were made with a whole body scintillation 
counter. The statistical counting error was less than 1 % . 

3. RESULTS OBTAINED 

The results showed that the availability of 15 mg iron from the wheat roll as a 
vehicle was dependent on iron sufficiency assessed by serum ferritin concentrations and 
iron related blood indices. In women absorbed iron related inversely to SF and exhausted 
iron stores (table I). The woman with iron deficiency anemia absorbed 27% of the 
consumed iron. This amount was 4 times greater then in normal women. Iron stores 
amounted to 14 mg. The subjects with iron deficiency without anemia absorbed on 
average 12.6% of iron. This amount was 2 times higher than in the healthy women. 
Mean iron stores were 67 mg (range 40 to 88 mg). The iron deficient women lost more 
iron because of heavy menstrual flow and lower dietary iron availability. Mean absorption 
of iron in normal women was 1 mg (range 0.4 to 2.1 mg), median 1.2 mg. It met 
women's iron needs arising from the basal and menstrual tosses, which according to other 
authors' data was 1.3 mg of iron. In this group of women mean iron stores were 208 mg 
(range 112 to 384 mg). 

Table II illustrates hematological iron indices in the same group of subjects as in table 
l. In men mean serum ferritin was near 100 fjg/l, so the calculated iron stores were 800 
mg (range 328 to 1832 mg). The hematological blood indices confirmed these data. The 
mean amount of absorbed iron was 0.5 mg (3.3%), median 0.6 mg. This is lower than 
the 1 mg reported by other authors as being required to compensate for physiological iron 
losses in men. 
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Iron stores were calculated from the formulas recommended by Jacobs (1972). 
Walters (1973) and Cook (1986) - see table III and fig. 1. The results differed among 
themselves. 

The simple intercorrelation calculated by Jacobs et al. that 1 //g/L of serum ferritin 
corresponds to 8 mg of iron stores was used to calculate iron stores in this study. Iron 
stores related to some anthropometric indices (fig. 2). In women iron stores were related 
to the sum of four skinfolds (0.55) and to body weight (0.77). In men iron stores related 
to the sum of four skinfolds (0.80). 

Previous elaboration of some results concerning nutrition and medical examination 
showed that in women iron indices (SF, SI and TS) related to ascorbic acid consumption. 
In women the absorbed iron related to bleeding days (0.69) as well. 

4. CONCLUSIONS 

1. The wheat bread roll is a good vehicle to be enriched with iron. The results obtained 
in this isotope aided study were consistent with the observations made by us 
previously in women which had consumed fortified rolls with 1 5 mg of iron during 
6 months of study. 

2. The amounts of absorbed iron are dependent on iron losses and iron stores: the 
smaller the iron stores the greater the iron absorption. 

3. Normal women absorbed iron in an amount equivalent to physiological iron losses. 

4 . Normal men absorbed less iron than has been reported by other authors as needed 
to compensate for physiological iron losses. 
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FIG. 1 . Iron stores (ISi as the function of serum ferritin (SF) calculated according the 
recommendations of Jacobs (1). Walters (2) and Cook (3) 

6 0 8 -r 

FIG. 2. Mean iron stores and anthropometric data of volunteers 
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TABLE I. THE BIOAVAILABILITY OF IRON FROM ENRICHED WHEAT ROLL AND IRON 
STATUS INDICES OF VOLUNTEERS 

Item Subjects Available iron SF SI TWC ST TS Item Subjects 

mg % 09f- j/g/DL V&dL uglOL % 

Women 

T. Iron deficiency anaemia T. 

n = l 

X 4.3 26.9 1.8 25 275 300 6 

T. 

H b < 1 2 g/dL X 4.3 26.9 1.8 25 275 300 6 

T. 

SF<12pg /L 

X 4.3 26.9 1.8 25 275 300 6 

2. Iron deficient Iwithout anaemia) 2. 

n = 4 X 2.1 12.6 8 4 124 308 431 2 9 

Hb > 12 g'dL SO 1.2 8 2.5 18 36 20 5 

SF < 12 J/CJ/L range 1.3-4.2 7 26.9 5 11 100 150 255 350 405-450 22 36 

3 Normal 3 

n = 8 X 1.0 7 26 143 216 349 
42 1 

3 

Hb > 12 g/dL SO 0.5 3 3 11 32 48 32 11 1 

3 

SF>12 i/g-L range 0 4 2.1 2 ? 13 14 48 100 200 160 290 3 0 0 3 9 0 2 6 6 6 \ 

4. Total 

I n= 13 X 1.6 10 19 128 249 370 35 n= 13 

SD 1.2 7 13 41 60 51 1A 

n= 13 

range 0.4-4.2 2 .726 .9 1.8 48 25-200 160 350 30C-450 6 66 

1 Men 

n = 7 X 0 5 3 3 98 101 234 334 31 n = 7 

SD 0.2 1.3 67 22 61 48 11 

n = 7 

range 0.2-0.8 1.35.2 41 229 60 135 1 2 3 2 9 0 255 390 18 53 

Relationship coefficient available iron in women to SF - 0.61 p < 0 . 0 5 
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ANNEX TO TABLE I 

BIOAVAILABILITY OF IRON IN VOLUNTEERS 

No. Symbol Absorbed "Fe Serum ferritin Bleeding 
days 

mg % //g/L 

Women 

1. BW 0.4 2.7 48.2 5 

2. BB 0.5 3.2 20.9 3 

3. HP 0.9 5.5 3 8 3 5 

4. ET 1.1 6.9 11.0 6 

5. JJ 1.1 6.9 19.3 5 

6. BJ 1.1 7.0 28.5 3 

7. GW 1.2 7.8 20.6 5 

8. MP 1.3 8.3 6.8 4 i 

9. GR 1.4 8.7 10.7 5 | 

10. IP 1.7 10.1 13.7 5 1 
11. AD 2.1 13.4 18.1 5 

I 12. MJ 4.2 26.3 5.2 7 

I 13 GK 4.3 26.9 1.8 7 

l Me 1.2 8 5 

j Men 
1. GT 0.2 1.3 2 2 8 7 

2. JB 0.3 2.1 128.7 

3. WJ 0.5 3.1 60.7 

4. KA 0.6 3.5 112.1 

5. SP 0.6 3.8 41.1 

7. MJ 0.6 3.9 69.6 

Me 0.6 3 
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TABLE II. THE BIOAVAILABILITY OF IRON FROM ENRICHED WHEAT ROLL AND 
HAEMATOLOGICAL INDICES OF VOLUNTEERS 

Item Subjects Available iron Hb Hct RBCC MCV MCHC Item Subjects 

mg % //g/dL % FL g/dL % 

Women 

1. Iron deficiency anaemia 1. 

n = 1 

X 4.3 26.9 9.2 34 4.1 83 27 

1. 

Hb<12 g/dL X 4.3 26.9 9.2 34 4.1 83 27 

1. 

SF<12/ /g /L 

X 4.3 26.9 9.2 34 4.1 83 27 

2. Iron deficient (without anaemia) 2. 

n = 4 X 2.7 12.6 13.2 41 4.4 92 32 

2. 

Hb>12 g/dL SD 1.2 8.0 0.42 1.6 0.08 2.7 0.6 

2. 

SF<12 fjgll range 1.3-4.2 7-26.9 12.7-13.8 37-42 4.4-4.6 87-94 32 33 

3. Normal 3. 

n = 8 X 1.0 7 13.0 39 4.3 91 34 

3. 

Hb>12 g/dL SD 0.5 3.3 0.45 2.0 0.2 3.0 1.1 

3. 

SF>12 /;g/L range 0.4-2.1 2.7-13 12.0-13.5 35-42 3 .84 .4 84-95 32 35 

4. Total 4. 

n = 1 3 X 1.6 10 12.8 39 4.3 90 33 

4. 

n = 1 3 

SD 1.2 7 1.1 2 5 0.2 3.6 1.9 

4. 

n = 1 3 

range 0.4-4.2 2.7-26.9 9.2-13.8 34-42 3.8-4.6 83-95 27-35 

Men 

n = 7 X 0.5 3.3 15.2 45 5 89 34 n = 7 

SD 0.2 1.3 0.7 2.6 0.3 6.5 1.9 

n = 7 

range 0.2-0.8 1.3-5.2 13.9 16.2 41-49 4.6-5.3 84-102 31 37 

Relationship coefficient: available iron in women to SF - 0.61 p<0.05 



TABLE III. IRON STORES (IS) AS THE FUNCTION OF SERUM FERRITIN (SF) 
CALCULATED ACCORDING TO THE RECOMMENDATIONS OF JACOBS, 
WALTERS, AND COOK 

1. Jacobs (1972): 

2. Walters (1973): 

3. Cook (1986): 

IS = 8mg . SF 

IS = SF/0.13- 11.8 

IS = -15 (Hb - Hb) for: iron deficiency 

anaemia 

IS = -80 . index iron deficiency 

IS = 400 . (In SF - In 12) normal subject 
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Appendix 1 

EXPERIMENTAL PROTOCOL FOR ADMINISTRATION AND MEASUREMENT OF M F e 

Wheat roll is a commonly consumed product in Poland. The effectiveness of roll 
enrichment with Fe was studied in the Department of Hygiene with positive results 
IH.Rafalski et a/., Zywienie Czlowieka i Metabolizm 4 (1986) 256] in a study financed by 
FDA, USA contract No. 05-001-0. For the purpose of this study, radioiron was 
administered to volunteers using the bread roll as a vehicle. 

The technological process involved in the fortification of bread rolls with iron 

The rolls were baked in the Department of Nuclear Medicine, Medical Academy in 
Lodz. The content of one roll was as follows: wheat flour 38.6 g, rye flour 0.8 g, yeast 
leaven 0.6 g, sugar 0.8 g, margarine 1.2 g, table salt 0.5 g, water 12.4 g, potassium 
citrate 75 mg, oil to smear the sheet meta! 0.2 mg, FeS0 4 .7H 2 0, 74.7 mg equivalent to 
15 mg of iron, and 20 //Ci of 5 9 Fe.S0 4 . Iron compounds were mixed with te. Jle salt and 
immediately added to the mash paste. The average content of iron in a roll together with 
native iron amounted to 15.8 mg. 

Subject selection 

The volunteers in isotope-aided studies of iron bioavailability were selected with 
permission of the Local Commission for Policy an Protection of Human Subjects and 
approval of the Ethics Committee of the Medical Academy. For the selection the 
following criteria were applied: 

Age between 19-47 years 
Written consent to be involved in to the study 
Information from the questioned person and previous medical examination on 
the following: 

a) the volunteer is not suffering from infections, parasitic and blood diseases, 
metabolical or iron balance disorders 

b) the woman is suffering only from menstrual blood loss; she is not in 
pregnancy or a short time after delivery 

c) after medical internal examination it was stated that the volunteer is healthy 
and is able to be included in to the study. 

Measurements 

Blood was taken from the elbow vein of selected 13 female and 7 male volunteers 
between 8 and 9 A.M. After an overnight fast blood was drawn to estimate hematological 
indices: serum ferritin, serum iron, transferrin saturation, hemoglobin, hematocrit, mean 
corpuscular volume, mean corpuscular hemoglobin concentration. The methods of 
estimation are described in appendix 2. Next each subject consumed one bread roll with 
a small amount of butter an j 50 ml of water and was examined by the specialist in internal 
medicine as described in appendices 3 and 5. 24-hour recall food intake was performed 
according appendix 4. 
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Whole body scintillation counting 

Whole body (both: AP and PA) retention measurements were accomplished 4 hours 
and 6 days after consuming the bread. The measurements were made with a whole-body 
scintillation counter. The geometric mean was calculated from AP and PA projections in 
the energy range 0.9 - 1.4 MeV including the 5 9Fe >-ray peaks at 1.1 and 1.3 MeV. 
Measurements times were fitted so that the statistical counting error was less than 1 %. 
The geometry of the measuring configuration was adapted for minimizing the sensitivity 
to marker redistribution. 

Iron absorption was calculated according to the formula: 

whole body retent ion a f t er 6 days 
w Fe absorption (%) = . 100% 

whole body retent ion a f t er 4 hours 

Retention was calculated with correction for marker decay. 

The modality coefficient of marker redistribution in the patient's body, as measured 
during the first one hour period, was no greater than 1.3%. (result obtained from the 
retention measurement of the 9 9 mTc-EHDP marker, which suffers relatively big 
redistribution during the first one hour after administration). The dependence between 
relative efficiency of gamma radiation detection and 5 9Fe point source - measurement 
vehicle surface center distance - is presented in Fig. 1. 

As can be concluded from this figure, the geometry of the whole body retention 
measurement with moveable detector counter is appropriate. The distance between 
detector and the vehicle is 50 cm. It assures satisfactory independence of radiation 
detection efficiency from marker distribution. The retention calculation based on 
geometrical mean value of both (prone, supine) measurements assures eliminating radiation 
absorption error due to the depth of marker localization. 

30 -] 
Distance [cm] 
(head) 20 • 

10 -
80 60 50 40 20 
1 1 1 1 ! 

80 
Efficiency [%) 

91 

99 
97 83 77 65 49 

58 72 86 90 99 
99 

91 
Efficiency [%] 

80 

i I I I 1 20 40 50 60 80 
• 10 

• 20 
Distance [cm] 

L 30 (legs) 

FIG. 1. (Appendix 1) 

Dependency between relative efficiency of gamma radiation detection and Fe point 
source - measurement vehicle surface centre distance. Detector - vehicle distance 
equals 50 cm. 
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Appendix 2 

METHODS OF BIOCHEMICAL BLOOD ANALYSIS 

Serum ferritin (SF) concentration was assessed by means of the immuno-enzymic 
method with an IMx Abbot apparatus using an Abbot Ferrizyne Diagnostic Kit. 

Serum iron (SI) and total iron binding capacity (TIBC) were determined by a 
colorimetric method based on serum deproteinization. trivalent iron reduction to bivalent 
iron and the formation of a coloured complex with beta-phenantroline. TIBC determination 
was based on serum transferrin saturation; the excess of non-bound iron was eliminated 
by magnesium carbonate absorption. SI was performed by measurements of the optical 
density of solutions at wave length of 535 nm using spectrophotometer Specol 211 . The 
precision of the method was 5.0% 

Transferrin saturation (TS) with iron was generated from the formula: TS = SI/TIBC. 

Hemoglobin (Hb) and red blood cells (RBC): were measured using the multiparameter 
hematological analyzer Technicon H-1 made in the USA. The method was the modification 
of the manual cyanomethemoclobin method developed by the International Committee for 
Standardization in Hematology (ICSH). The Technicon H-1 method for counting red blood 
cells (RBC) was the modification of the method employed on the Technicon H6000 
system. 

Hematocrit (Hct) was determined microanalytically in thin-walled capillaries after 
centrifuging them for 5 minutes in a microhematocrit centrifuge made by UNIPAN, 
Warsaw, Poland. The results were read from the standard reading device for the two 
capillaries. Precision of the method ± 2% 

Mean Corpuscular Voi.jme (MCV) was calculated according to the formula: MCV = 
Hb/RBC. 

Mean Corpuscular Hemoglobin Concentration (MCHC) was calculated according to 
the formula: MCHC = Hb/Hct. 

Appendix 3 

ANTHROPOMETRIC EXAMINATION 

Anthropometric examination was done according Weiner et al. (1969). It included: 
body height (H, cm) measured with the Martin anthropometer; body weight (W, kg) - with 
medical scales; hip, thigh, waist, chest and left arm circumferences (with tape measure); 
subcutaneous adipose tissue with Harpender's caliper in the following places: the middle 
of the left arm over biceps and triceps, below the left inferior scapular angle, and at the 
left anterior superior iliac spine. Body mass index (BMI) was calculated from the formula: 

BMI = W/H 3 , 

muscle circumference as (Jelliffe's) index: 

MCI = C - S.Pi 

where: 
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MCI = circumference of branchial muscles 
C = arm circumference 
S = average thickness of adipose tissue on arm 

Body fat (BF) content was calculated from the four skinfolds according to Durnin etal.: 

4 , 9 5 
BF % = 4 , 5 0 

d 

where d = density 

Appendix 4 

24-HOUR RECALL FOOD INTAKE 

The assessment of the quality and quantity of nutrients content in a 24-hour food 
intake in women was performed with the use of a questionnaire. In the first part of 
questionnaire, a detailed summary was established of the daily meals, which included the 
description of all the different food products consumed in those meals. In the second part, 
the food products were classified into 13 groups according to their composition and 
content of nutrients. Then, the information was gathered about the quantity of a product 
in a meal with the simultaneous check up of data collected in the first part of the 
questionnaire. 

Quantitative consumption of different products was defined using the habitual 
kitchen measures such as slice, glassful, spoonful, piece, etc. to be converted later to 
grams according to the standardized rates. Components of processed foods such as 
macaroni, soups, tinned meat or tinned fruit and vegetables were calculated from the 
recipes. 

The protein, iron, magnesium, vitamin C, other nutrients and calory intake were 
calculated on the basis of national tables excluding the wastes. The assessment of loss 
caused by thermic food processing was abandoned since it was impossible to calculate 
them accurately. 

The daily menu, frequency of meals, consumption of beverage and alcohol were also 
recorded in the questionnaire. Beside this, information was collected about dietary habits, 
along with likes and dislikes related to foods. 

Appendix 5 

MEDICAL EXAMINATION 

The study of socio-economic status together with living conditions included the 
following facts concerning the subject women: age, occupation, working, past number of 
years worked, occupational changes, education, marital status, number of family members 
per room in a flat, monthly income per family member, health care utilization. 

Medical internal examinations were performed according to recommendations 
suggested by E. Szczeklik, in "General Diagnostics of Internal Diseases" edited by PZWL, 
Warszawa, 1961. Questioning, as related to health status and other problems of interest 
was carried out by the standard method with the use of a questionnaire. Thus, the 
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collected information covered the types and frequencies of any past diseases, operations, 
bleeding days or drug intake, with special regard to and drugs influencing iron and zinc 
balance in the organism. In addition the respondent answered questions concerning any 
general discomforts perceived, which could be classified in accordance with the 
International Classification of Diseases, any familiar occurrence of anemia as well as the 
methods of treatment, and finally any symptoms that might be caused by iron or zinc 
deficiency. The latter included any pathological changes in the skin, nails, hair, mucous 
membranes, digestive tract, circulatory system, skeletal and muscular system as in the 
sense organs. In considering the subject's past diseases, special attention was paid to 
those which could result in the occurrence or intensification of symptoms associated with 
anemia and zinc deficiency. 

Detailed information was collected from the women about their menarche, menstruation 
characteristics (together with mother's menstruation characteristics), number of 
pregnancies, deliveries and gynecological diseases. 
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Annex 11 

USE OF RADIOISOTOPES IN STUDYING IRON METABOLISM IN HUMANS 
IN SRI LANKA 

C.E. Liyanage, M.I. Thabrew 
Faculty of Medicine, University of Ruhuna. Karapitiya, Galle. Sri Lanka. 

Abstract 

Anaemia due to iron deficiency is the commonest haematological problem 
found in Sri Lankan pregnant women and pre-schoot children. The reported 
prevalence rates amongst pregnant andlactating women ranged from 60-80%. 
The present study revealed that 3% of pregnant women had satisfactory iron 
stores and 57% had virtually no iron stores. Routine iron supplementation is 
justified not only to correct the anaemia but also to build up the maternal iron 
stores. In a longitudinal study of 100 pregnant women a very high prevalence 
was observed in spite of the fact that the population studied was on iron 
supplementation. A very poor compliance on iron therapy was seen. The 
incidence of low birth weight observed was 32%, quite similar to that has been 
reported previously for Sri Lanka. Therefore, further longitudinal studies have 
been designed to find out the efficacy of the present supplementary 
programme. In Galle District 54.5% of the preschool children were found 
clearly anaemic and another 20% had evidence of iron depletion. As the dietary 
intake of iron was marginal, the weaning foods that are in practice were tested 
for iron availability. Iron absorption/availability studies by in-vivo (extrinsic tag 
method) and in-vitro (using radioiron 59Fe tracer) methods have shown a very 
poor (less than 5%) availability in many of the commonly used weaning foods. 
A statistically significant decrease in iron availability was seen with increase in 
amount of polyphenols mainly in some of the preparations made with green 
leaves. Addition of ascorbic acid rich food items showed en increase in iron 
availability (by 2-6 times). Dietary zinc intake of 46 children (2-5 yrs) was 
found 2-4 mg/1000 kcal, relating to total energy intake. Mean plasma zinc 
concentration of these children was 13.8±0.8 pmol/L. Therefore further 
studies on the improvement of zinc and iron availability in weaning foods have 
been designed to be done in future. 

1. INTRODUCTION 

Anaemia due to iron deficiency Is tne commonest haematological problem found in 
Sri Lankan pregnant women and pre-school children. Postpartum haemorrhage with 
anaemia and sepsis are the most common causes of maternal deaths, and the high level 
of (30%) newborns of low birth weight is related to maternal morbidity and malnutrition 
including anaemia. The reported prevalence rates amongst pregnant and lactating women 
ranged from 60-80%. Hence, iron supplements are routinely given to all pregnant women 
in Sri Lanka. This practice however is controversial. 

2. INVESTIGATIONS 

In a study that was carried out in 431 pregnant women attending the University 
antenatal clinic (ANC) over a period of two months, to assess the exact iron status, 69% 
of mothers were detected to have iron deficiency with serum ferritin (SF) less than 12 
ng/mL and this was significantly higher than the 56% diagnosed to be anaemic with 
haemoglobin (Hb) less than 11 g/dL (Fig. 1). Fifty seven percent had virtual exhaustion of 
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iron stores with SF less than 10 ng/mL while only 7.3% had a Hb less than 8g/d l . 
Although 10.3% had a good Hb of more than 13g/dL the proportion wi th adequate SF of 
more than 60 ng/mL was significantly lower being only 3%. The correlation was poor 
between Hb and SF r = 0.0146 (P>0.05). The correlation was also poor between 
haematocnt and SF r2 = 0.0046 (P>0.05). Increasing parity was associated with a 
decrease in the mean SF. However, analysis of variance did not show a significant 
difference between the means probably because the study sample was small. 

Since only 3% of pregnant women had satisfactory iron stores and 57% had vi tually 
no iron stores, routine iron supplementation is justified not only to correct the anaemia but 
also to build up the maternal iron stores. 

After having established the need of prophylaxis a preliminary study (longitudinal) 
was carried out by selecting 100 pregnant women of 1st and early 2nd trimesters, 
attending the ANC to assess the effect of iron supplementation. After assessing the initial 
iron status at the time of booking at ANC, they were followed during the course of 
pregnancy and the iron status before delivery was also assessed again. Data on 
compliance on iron therapy, and outcome of pregnancy were also recorded. It was found 
out that iron deficiency anaemia is highly prevalent in spite of the fact that the population 
studied was attending antenatal clinics and getting prophylactic iron therapy. This could 
be due to the poor compliance on iron therapy that was indicated in the study. The 
incidence of low birth weight recorded in this sample was 32%. quite similar to that has 
been reported previously for Sri Lanka. Hence, further longitudinal studies have been 
designed to assess the efficacy of correcting the deficiency status by the present practice. 
Due to the fact that more pregnant women of lower socio-economic status usually attend 
the antenatal clinics, and that a severe deficiency has been observed only in this 
population, a double blind control study has been planned to be conducted by taking 
samples from the field (semi urban ai-.d u^ban) as well. 

Three significant random samples of pregnant women with less than 20 weeks of 
gestation, will be selected from clinic, urban and semi urban populations for the study. 
After assessing the initial iron status the subjects will be kept on a strict regimen of 
treatment and implemented the assessment of iron status after 2 intervals of time (at 28 
weeks and 36 weeks). 

Of the pre-school children 400 of (9 months to 5yrs) it was found 74.5% had SF 
levels below 10 ng/mL. Substantial proportions of subjects showed reduced transferrin 
saturation and serum iron levels ( 6 1 % and 60% respectively). The total iron intake of 
these children was marginal (58% less than 14 mg/day) and the cereals provided a 
substantial quantity of i rc i to the diet of 70% of the children. The data on dietary and 
haematological assessment revealed no relationship between level of dietary iron intake 
and any one of the measured parameters of iron status. However, this investigation shows 
that iron depletion and anaemia are extensive problems among the child population. 

Therefore it was felt to be necessary to determine the bioavailability of iron in the 
weaning foods as well as in other commonly used food items. Iron absorption (by an 
extrinsic tag method) was measured in some of the weaning foods and an in vitro method 
using 5 9Fe as a tracer was employed to determine the available iron content in many of the 
commonly used foods. It was apparent that the iron availability of most of the analysed 
home made weaning foods is very poor. Furthpr the use of brown rice (which is the staple) 
seem to decrease the iron availability to a great extent. There was also a marked decrease 
in the available iron content the more bran was present in the rice. 

The effect of nee with two different phytate contents on iron absorption from a 
weaning preparation (leaf gruel) was clearly seen in an in vitro study. There was a three
fold difference in absorption of iron between the gruels served with polished and 
unpolished brown rice. The difference was found to be statistically significant t = 5.3 
(p<0.0002). 
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It was found in in vitro analysis that there was a statistically significant (p<0.01) 
decrease in iron availability with increase in arr ount of polyphenols (tannic acid) that were 
present mainly in some of the green leaves. It has also been possible to increase the iron 
-availability (by 2-6 times) with addition of ascorbic acid (25. 50 and 100 mg to each 
meal). The information on this counteractive or neutralizing effect of ascorbic acid on the 
inhibition of iron absorption by tannins will be made use of in the planning and preparation 
of suitable weaning foods for the Sri Lankan children. 

Some modified weaning preparations (in order to reduce the intake of phytates and 
tannins and increase the intake of ascorbic acid) have now been proposed and. they will 
be tested for the iron absorption by few a in vivo studies with humans before the 
recommendations are made to the public. 

3. ASSESSMENT OF ZINC STATUS OF THE PRESCHOOL CHILDREN 

In assessing the dietary zinc intake, a survey was conducted among 46 children of 
2-5 yrs of age randomly selected from few villages around Galle. and aliquots of the 
amounts of foods actually eaten per day from the family pot were collected. Aliquots of 
snacks and drinks taken between the meals were also added in to the daily food 
composite. 

The food samples were mixed, freeze dried homogenized and stored for analysis. 
Aliquots of these samples were digested in kjeldahl flasks and the zinc contents were 
measured by atomic absorption spectrophotometry. According to data on zinc intakes 
these children had about 4mg zinc per day. There could also be a day to day variation of 
the zinc intake which has not been studied. 

The zinc contents of the diets ranged from 0.8-7.1 mg/100 kcal and the average zinc 
intake of the children was 2-4 mg/1000 kcal relating to the total energy intake. According 
to the recommendations of NAS (1974) intake of zinc in these children is marginal, and 
as such it was felt necessary to assess the serum levels of zinc as well. The mean plasma 
zinc concentration found was 13.8.+.0.8 j/mol/L. The low zinc levels in these children may 
be a limiting factor in the ability to grow especially in the "catchup growth" during 
convalescence. It has also been reported that the zinc supply from the diet gets affected 
by the high phytic acid. As the commonly used weaning foods have been found to contain 
high amounts of phytate. the need to study the zinc availability in these weaning food has 
been identified. Studies to measure zinc absorption have therefore been planned to be 
conducted. 

Three papers have so far been published on work under this contract (1-31. 
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FIG. 1 . Haemoglobin (g/dL)and serum ferritin (ng/mL) 
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Annex 12 

RECENT PROGRESS IN THE USE OF IN VITRO ISOTOPIC METHODS FOR 
STUDYING THE BIOAVAILABILITY OF TRACE ELEMENTS: ACTIVITIES BEING 
UNDERTAKEN WITHIN EC: FLAIR CONCERTED ACTION NO. 10 

S. Fairweather-Tait, P.J. Aggett 
AFRC Institute of Food Research. Norwich Laboratory, Norwich Research Par*. 
Norwich, U.K. 

The action is entitled "The Measurement of Micronutrient Absorption and Status" and 
is due to finish at the end of 1993. Participants from 28 centres in Europe (representing 
11 EC and 2 EFT A countries) belong to the action, some of whom are interested in mineral 
nutrition and/or inorganic stable isotope methodology, and others who are primarily 
interested in vitamins. Within the Action several sub-groups have been set up including 
(a) micronutrient status (b) stable isotope methodology and (c) in vitro assessment of 
mineral availability. 

The EC provides no money for research under a Concerted Action, its function is to 
fund meetings and exchange visits. Thus all the work has to be carried out using 
alternative sources of funding and relies heavily on the goodwill and cooperation of 
participants. 

The major thrusts within this Action have been analytical method development and 
critical appraisal of research techniques. Where no standard reference materials are 
available, interlaboratory comparisons have been carried out using materials generated 
within participants' research programmes and the results compared and reasons for 
differences sought. A number of exchange visits have been made in order to facilitate 
technology transfer. Several internal reports have been written, describing methods used 
by each laboratory for the measurement of mineral status, mineral content of biological 
samples, inorganic stable isotopic analysis of enriched sources of biological materials, and 
in vitro measures of dialysable iron in foods. 

Final reports on the findings of the Action will be submitted to the EC and papers will 
be published in scientific journals. These will include recommendations of the members 
of the Action on methodology for research into mineral absorption and status, and a 
literature review and hand book on the use of stable isotopes to study mineral absorption. 

This report will describe the Action's initiative to refine the classic approach to the 
assessment in vitrn of bioavailability and will show the value of quality control exercises 
standardising methodologies in collaborating laboratories. 
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THE USE OF RADIOISOTOPES AND LOW ABUNDANCE STABLE ISOTOPES 
FOR THE STUDY OF BIOAVAILABILITY AND THE METABOLISM OF IRON. ZINC 
AND COPPER 

P.J. Aggett, S. Fairweather-Tait 
AFRC Institute of Food Research, Norwich Laboratory, Norwich Research P3rk, 
Norwich, U.K. 

The use of whole body counting and imaging with "area of interest" counting to 
monitor the metabolism of zinc in healthy volunteers and patients with coeliac disease and 
cirrhosis is described as are studies of the interaction between iron and copper. Stable 
isotopes of iron, copper and zinc have been used to investigate the metabolism of these 
elements in young infants and have proved useful in assessing the validity of current 
estimated requirements particularly of iron. Stable isotopes have also been used to 
improve the classic metabolic balance approach to the study of the homeostasis of zinc 
in zinc deprived volunteers, and have progressed to studies using plasma kinetic curves 
of the systemic compartmentation of zinc. 
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Annex 13 

USE OF A STANDARD MEAL TO STUDY IRON ABSORPTION IN HUMANS 

Manju B. Reddy, Ph.D. and James D. Cook, M.D. 
Division of Hematology, Department of Medicine, Kansas University Medical Center, 
Kansas City, Kansas, USA. 

Abstract 

Uon absorption varies widely between subjects and groups of subjects because 
of differences in iron status which markedly influence iron assimilation from the 
gastrointestinal tract. A small dose of isotopically labelled inorganic iron 
termed the reference dose (3 mg iron as FeSOJ has been used extensively 
during the past two decades to standardize food iron absorption in human 
subjects and thereby eliminate the effect of differences in iron status. Recent 
studies from this laboratory have shown that because of the high variability of 
absorption from the reference dose, nortneme iron absorption from a 
standardized meal provides a more reliable means of standardizing absorption 
from regional diets. During the last decade, we have gained extensive 
experience with the use of a hamburger meal for standardization but this would 
not be appropriate for use in regions where iron deficiency is most prevalent. 
We therefore performed initial studies with a rice based meal but we found a 
relatively high variation in absorption from 2.0 to 4. 7% that presumably 
reflects differences in the phytate content of rice flours. We then undertook 
the evaluation of meals prepared with farina, a wheat product that is available 
in most regions of the world. In six different studies from a farina based meal, 
iron absorption ranged from 3.4 to 6.5%. Nonheme iron absorption from the 
farina meal when evaluated in separate laboratories extensively engaged in 
human studies of iron absorption, ranged from 5.1 to 10.8% but when related 
to the FeS04 dose, a more consistent ratio between 0.21 to 0.26 was 
observed with the exception of one laboratory where a very low absorption of 
1.1 % was observed. Percentage absorption from the farina based meal 
decreased when the iron content of the meal was increased and showed the 
expected facilitation of absorption when increasing amounts of ascorbic acid 
were added. Because farina is consumed worldwide, it appears to be suitable 
for use as an international standard meal. By reducing variability and 
measuring iron absorption from food rather than inorganic iron, we believe that 
the use of this standard meal will facilitate comparison of iron absorption data 
obtained in laboratories throughout the world. 

1. SCIENTIFIC BACKGROUND 

Iron deficiency anemia is a major nutritional problem in developing countries. Iron 
deficiency is not generally due to a low iron intake but to poor availability of dietary iron. 
In countries where iron deficiency is prevalent, the intake of heme iron is often negligible 
and the nonheme iron absorption is very low. At the present time, the most commonly 
used methods for determination of nonheme iron absorption are the extrinsic radioiron 
labelling and red blood radioiron utilization technique. Human subjects are fed foods 
labelled with 5 5Fe and 5 9Fe and the amount of radioactivity retained is measured in the 
blood after 2 weeks. Four separate absorption measurements can be made in the same 
subject using this method (1). 
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Iron absorption varies widely between subjects and groups of subjects because of 
marked differences in the iron status of the individuals. Subject to subject variability 
makes it difficult to determine whether the differences in absorption between two test 
meals studied in different groups of subjects relate to the differences in iron status or to 
the meal. 

Most commonly, the effect of differences in iron status is eliminated by obtaining the 
independent measure of the absorption of a reference dose of inorganic iron as FeS0 412]. 
Absorption data can be expressed as the absorption ratio from a meal and the reference 
dose. The absolute amount of iron absorbed from the meal can also be calculated by 
correcting to 4 0 % absorption of the reference which represents absorption in borderline 
iron deficient subjects. 

Because of high variability of absorption of inorganic iron, our laboratory uses a 
standard hamburger meal as a reference meal which provides more reliable means of 
standardizing absorption. The hamburger meal represents a typical western diet containing 
ground beef, bun, french fries and milkshake. Recently, Cook et al. [3] have shown that 
variability of dietary absorption corrected with inorganic iron absorption is higher than 
corrections based on either hamburger meal or serum ferritin. Since serum ferritin 
concentrations vary from day-to-day, it is important that the absorption correction should 
be made on several measurements of serum ferritin in tne same individual when the latter 
method is used. The present study is aimed at standardizing the human absorption data 
using a typical meal which is consumed worldwide. 

2. EXPERIMENTAL METHOD 

For the rice study, rice flours were obtained from American, Indian, Japanese and 
Thai sources. Rice flour (30 g) was cooked with 40 g sugar, 100 g egg white, 1 5 g corn 
oil, 0.8 g salt and 50 mL water for 6-7 min until the mixture had a curd-like appearance. 
When farina was used in the study, wheat was cleaned, tempered, ground and sifted to 
remove coarse materials before it is made into farina. The farina used in this study was 
supplied from the Grain Science Department, Kansas State University, Kansas, USA. Forty 
grams of farina is cooked in 250 ml of water containing 0.5 g salt and then mixed with 
120 ml milk, 14 g sugar and 24 g of butter. Three mg of iron is added as FeCI3 with ihe 
radioiron tag. The total meal contains 407 kcal, 8.7 g protein, 14.8 g fat, and 3.14 mg 
iron. All the test meals were fed to human subjects after 10 h of overnight fasting and no 
food or drink except water was allowed after the meals are consumed. Iron absorption 
was measured using extrinsic dual radio-iron label technique 11). 

3. RESULTS AND DISCUSSION 

To compare the iron absorption values globally, we studied other reference meals 
that are more representative of diets in developing countries. Initial studies were 
performed using rice flour as a reference meal because iron deficiency is common in 
countries where rice is the staple food. The absorption values from the rice flour from four 
different sources ranged from 2.0 to 4.7% iTable I). Subsequent studies have shown that 
absorption from rice is dependent on the phytate content [4) and the percent absorption 
decreases with higher phytate contents. If the milling process is not standard in different 
regions, use of rice as a standard meal may be variable. 

We subsequently evaluated the use of a wheat based meal because wheat is also 
consumed worldwide. Absorption of farina was measured to determine the effect of 
varying iron and ascorbic acid content. A significant (p<.001) 38% and 57% reduction 
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in absorption was observed when the non-heme iron content of the meal was increased 
from 0.1 to 1 and 5 mg, respectively. Although the absorption difference between 5 and 
3 mg iron was not significant (p>0.5), these results are consistent with published data 
of the effect on absorption of increasing the meal content of iron. The effect of ascorbic 
acid was then tested in the farina meal. The mean absorption values were 3 .41 , 8.84, 
11.46 and 17.65% in meals containing 0, 250, 500, and 1,000 mg of ascorbic acid, 
respectively. The increase in iron absorption with ascorbic acid was similar to that 
reported in other studies. 

Good reproducibility of farina absorption was observed when tested in six different 
studies in our laboratory. The mean absorption values ( ± SEM) were 3.4 ± 1.2, 5.1 ± 1.2, 
5.3 ± 1.2, 6.5 ± 1.4, 4 . 6 ± 1.2, and 5.7 ±1 .2 . The corresponding serum ferritin values are 
125, 57, 52, 46, 24 and 24 //g/L, reflecting significant differences in iron status. Since 
iron absorption is inversely related to serum ferritin concentrations, the variation in the 
absorption values are expected. 

Studies were then made to compare iron absorption of farina in four different 
laboratories that are actively involved in human absorption studies. Inorganic iron was 
included for comparison purpose (Table II). With an exception of one lab which observed 
a low absorption of 1 .1%, the mean absorption from farina ranged from 5.1 to 10.2% 
whereas inorganic iron absorption ranged from 26 to 40%. The group which showed the 
lowest absorption from farina also had low absorption from the inorganic iron (3 mg iron 
as FeS0 4). When farina absorption is corrected to 40% of inorganic iron using the mean 
absorption ratio from the meal and the inorganic iron, the mean absorption values were 
8.3, 10.5 and 8.9%. These results suggest that differences in farina absorption observed 
in different laboratories were due to differences in absorptive capacity in that group. Each 
laboratory also included their regional meal to correlate the absorption values with the 
farina meal and the inorganic iron absorption. Better correlations were obtained when the 
regional meal absorption was correlated with farina than inorganic iron absorption. The 
correlation coefficients were 0.63, 0.58, nd 0.35 for inorganic iron and 0.85, 0.67, and 
0.65 for farina in laboratories 1, 2, and 3, respectively. 

4 . CONCLUSIONS 

Measuring iron absorption from food rather than inorganic iron reduces the variability 
of the results. Hence, nonheme iron absorption from a standard meal provides more 
reliable means of standardizing absorption from the regional diets. Our results support the 
use of farina as an international standard meal to compare iron absorption values in 
different studies. 
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TABLE I. EFFECT OF RICE FLOURS ON IRON ABSORPTION 

Packed 
Cell Serum Iron Absorotion 

Subject Age Volume Ferritin Indian American Thailand Japan 
(%) <//g/D (% of dose) 

1 24 43 95 1.40 2.05 2.18 2.22 

2 23 42 47 0.91 0.45 1.82 1.72 

3 25 42 89 1.57 0.92 9.30 2.26 

4 23 43 62 1.81 0.71 5.58 2.17 

5 19 46 44 5.60 8.22 5.25 9.13 

6 18 45 15 16.60 7.27 10.95 4.17 

7 23 45 61 8.58 3.56 4.65 9.72 

Mean* 22 44 52 3.12 2.00 4.75 3.53 

+ 1SE 

-1SE 

65 4.70 3.08 6.33 4.64 

41 2.06 1.29 3.68 2.69 

Geometric mean except age and packed cell volume 

TABLE II. IRON ABSORPTI 
LABORATORIES 

ION FROM FARINA COMPARED IN DIFFERENT 

Serum % Absorpt i on * * 
Laboratory Ferritin* Study Farina Inorganic Iron 

1 35 A 5.1 ±1 .2 14 .7±1 .3 
B 4 .6±1 .2 27 .5±1 .2 
C 5 .7±1.2 37 .0±1 .2 

2 13 10.2±1.4 39 .0±1 .2 

3 27 A 5 .2±1.8 30.5 ±6 .6 
B 7 .4±1.3 42.7 ± 7 . 4 
C 10.8±2.1 37 .4±4 .4 
D 9 .9±2 .0 5O.0±7.2 

* Mean of the studi es 
* * Geometric mean ± SEM 
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Annex 14 

ISOTOPE AIDED STUDIES OF THE BIOAVAILABILITY OF IRON AND ZINC FROM 
HUMAN DIETS CONSUMED IN VENEZUELA 

Miguel Angel Layrisse 
Instituto Venezolano de Investigaciones Cienti'ficas (IVIC) 
Caracas, Venezuela 

Abstract 

Previous studies on Venezuelan diets provided information on food consumed 
in each diet and their nutritional contents. It also showed the comparison of 
the iron absorption from these diets when given in the morning after over-night 
fast and when given at the customary time of the day. It was observed that 
the iron absorption from the lunch given at noon was slightly higher (a/though 
not significant) in Zulia and Sucre diets. In another study in which the Zulia 
lunch was given in the morning and at noon to 9 individuals, the iron 
absorption from the lunch given at noon was significantly higher than that from 
the same meal administered in the morning. Further studies were made this 
year with the lunch of Zulia and Sucre diets. There were no significant 
differences between the Zulia lunch given in the morning after over-night fast 
and at noon. Similar results were observed in the Sucre diet lunch repeated 
twice. From these results we can state that iron absorption from meals is not 
affected by the time it is administered with the condition that the subjects 
tested have had a previous fast of three hours before the meal is administered. 
The significant difference in iron absorption in the first study could be due to 
a marked physiological daily variation in iron absorption. The results from these 
studies provide credit to previous reports in which meals were given in the 
morning after an over-night fast. The iron absorption studies from 11 diets 
consumed by the Venezuelan population, provided the basic information for the 
establishment of a programme on iron fortification. The Government of 
Venezuela, according to the recommendation of the National Nutrition Institute, 
approved a national programme of iron fortification by enriching precooked 
maize flour with ferrous fumarate in the proportion of 5 mg Fe/100 g flour, and 
the enrichment of flour used to produce paste with the same iron compound 
in the proportion of 3 mg Fe/100 g flour. This year, the Chemical Centre of the 
Venezuelan Scientific Institute of Research discovered an iron compound, now 
called FERRO/VIC. It is an insoluble white powder that, when given as iron 
fortification, forms part of the nonhaeme iron pool and it is absorbed to the 
same extent as ferrous sulphate; it is stable for several months. 

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

Iron deficiency is the most prevalent nutritional deficiency in the world. About two-
thirds of the children and menstruating women suffer from iron deficiency in most 
developing countries and one-third of those have severe iron deficiency anemia. In Latin 
American populations it represents a public health problem. In urban and suburban areas 
the prevalence of anemia is as high as 50% in infants during the first years of life, 15-50% 
in children, 15 to 50% in women during reproductive age and between 20 and 75% in 
pregnant women. In rural areas where hookworm infection is endemic the prevalence can 
be as high as 30% in men and 80% in women. Although biochemical tests were only 
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performed in some of these studies, circumstantial evidence such as peripheral blood 
smear, MHC values, and therapeutic trials, indicate that iron deficiency is the principal 
cause of the anemia. A recent survey of the "Venezuelan Project" on the prevalence of 
iron deficiency from low socioeconomic strata of the population showed a prevalence of 
30% in children below 4 years of age, between 10 to 15% for 4-13 years; 22-45% in 
adolescent females and 5-15% in adolescent males. This prevalence of iron deficiency has 
duplicated in the last 5 years. The low iron availability from diets consumed by 
socioeconomic strata of the population is the main etiological factor for the development 
of iron deficiency and iron deficiency anemia, even in the rural areas where hookworm 
infection is endemic. Zinc deficiency is apparently not a public health problem in 
Venezuela. However, it would be worthwhile to find out if the iron fortification program 
that will start soon in Venezuela would interfere with the bioavailability of the dietary zinc. 

2. EXPERIMENTAL METHOD 

The protocol proposed for the project on "Iron availability from three diets consumed 
by population of low socioeconomic strata of various regions of Venezuela (Yaracuy, Sucre 
and Zulia States) using physiological habits for the ingestion of each meal" was used for 
the continuation of this study. 

In addition, iron availability from three diets consumed by the working socioeconomic 
strata was tested and the iron availability of a new iron compound synthesized in the 
Chemical Center of the Venezuelan Scientific Institute of Research that could be used as 
iron fortification and iron treatment was studied. 

3. RESULTS OBTAINED 

The 1991 Report provided information on food consumed in each diet and their 
nutritional contents (Tables I and II). t also showed the comparison of the iron absorption 
from these diets when given in the morning after over-night fast and when given at the 
customary time of the day. It was observed that the iron absorption from the lunch given 
at noon was slightly higher (although not significant) in Zulia and Sucre diets (Table III). 
In another study in which the Zulia lunch was given in the morning and at noon to 9 
individuals, the iron absorption from lunch given at noon was significantly higher than that 
from the same meal administered in the morning (Table IV). 

Further studies were made this year with the lunch of Zulia and Sucre diets. Table V, 
shows no significant difference between the Zulia lunch given in the morning after over
night fast and at noon. Similar results were observed in the Sucre diet lunch repeated 
twice. From these results we can state that iron absorption from meals is not affected by 
the time is administered with the condition that the subjects tested have a previous fast 
of three hours before the meal is administered. The significant difference on iron 
absorption in the first study could be due to a marked physiological daily variation in iron 
absorption. The results from these studies provide credit to previous reports in which 
meals were given in the morning after an over-night fast. 

The total mean iron absorption from the three diets consumed by the working 
population represent an intermediate step between the total mean iron absorption from the 
diets consumed by lower socioeconomic strata and that consumed by the middle and high 
socioeconomic strata (Table VI). The iron absorption studies from 11 diets consumed by 
the Venezuelan population, 5 diets consumed by the low socioeconomic strata, 3 diets 
consumed by the labor socioeconomic strata and 2 diets consumed by the middle, middle 
high and high strata provided the basic information for the establishment of a program on 
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iron fortification. The Government of Venezuela, according to the recommendation of the 
National Nutrition Institute, approved a national program of iron fortification by enriching 
precooked maize flour with ferrous fumarate in the proportion of 5 mg Fe/100 g flour, and 
the enrichment of flour used to produce paste with the same iron compound on the 
proportion of 3 mg Fe/100 g flour. These two cereals represent about 70% of the calories 
of the diets consumed by population of the low socioeconomic strata. 

This year, the Chemical Center of the Venezuelan Scientific Institute of Research 
discovered an iron compound, now called FERROIVIC. It is an insoluble white powder that, 
when given as iron fortification, forms part of the nonheme iron pool and is absorbed to 
the same extent as ferrous sulfate; it is stable for several months mixed either wi th white 
wheat flour or precooked maize flour and it does not denature at high temperature 
(300°C). At the moment it is in the process of patent registration. Some comparative 
data are given in Tables VII and VIII. 

4. CONCLUSIONS AND FUTURE PLANS 

Iron absorption from meals is not affected by the time is administered .vith the 
condition that subjects tested have a previous fast of three hours before the meal is 
administered. The 10 Venezuelan diets tested for iron absorption indicated that, only in 
the case of diets consumed by the low socioeconomic strata, did their iron bioavailability 
not meet the requirements for men and even less for women during reproductive age. 
These data provided basic information for the establishment of a program on iron 
fortification which will start in 1993. 

The studies on a new iron compound called FERROIVIC provided all the information 
required to start the process r>f patent registration. The new information accumulated in 
the last two years will be applicable to write two papers, one on Venezuelan diets that 
complements the previous publication (Food and Nutrition Bulletin (1990 12:301-309)) and 
the other "Advantages of a new iron compound FERROIVIC over the other iron compounds 
used as iron fortification". 

Our laboratory will continue the studies on iron absorption from diets and monitoring 
the effective iron fortification by determined hemoglobin concentration serum ferritin in a 
representative sample of the Venezuelan population. The studies on zinc bioavailability will 
be started. 
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TABLE I. DAILY FOOD INTAKE FROM DIETS CONSUMED BY VARIOUS 
SOCIOECONOMIC STRATA OF VENEZUELAN POPULATIONS 

Breakfast Lunch Supper 
Uncooked food Uncooked fooc* Uncooked food 

(g) <9> (g) 

1) Diets Consumed bv people of low socioeconomic stratum of various reaions of 
Venezuelan population 

A- Yaracuv State 

Precooked Maize Precooked Maize Precooked Maize 
flour 100 flour 50 flour 50 
Egg 40 Black beans 33 Black beans 33 
Oil 3 Rice 24 Wheat paste 42 
Milk powder 14 Hamburger 60 White Cheese 20 
Coffee 5 Onion 15 Onion 1 5 

Sugar 15 Garlic 1 Garlic 1 

Tomato 20 Tomato 20 
Green pepper 3 Green pepper 3 
Oil 7 Oil 7 
Beverage 100 ml Beverage 100 ml 
Cumin 2 Cumin 2 

B- Sucre State 

White Wheat 50 Ocumo 20 Rice 20 
Margarine 5 Name 20 Egg 50 
Milk Powder 12 Sweet maniac 20 Milk powder 20 
Coffee 5 Fish 100 Oil 10 
Sugar 20 Precooked Maize Precooked Maize 

flour 60 flour 90 
Rice 
Cil 
Mango 
Plantain 

20 
10 cc 

60 
50 

Coffee 5 

C- Zulia State 

Precooked Maize Hamburger 100 Paste 30 
flour 100 Rice 50 Margarine 4 
Margarine 2 Plantain 120 White Cheese 10 
White Cheese 20 Tomato 100 Milk powder 18 
Milk powder 18 Onion 35 White wheat bread 50 
Coffee 5 Pepper 20 Egg 50 
Suga- 16 Garlic 

Oil 
10 
12 

Beverage 100 
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TABLE II. NUTRITIONAL CONTENT OF VENEZUELAN DIETS 

DIET MEALS 

TOTAL 
FOOD 
ENERGY 

(kCAL) 

ANIMAL 
PROTEIN 

(g> 

VEGETAL 
PROTEIN 

<g) 

FAT 

(g) 

CARBOHYDRATE 

(g) 

ASCORBIC 
ACID 

(mg} 

HEME 
IRON 

(mg) 

NON-
HEME 
IRON 

(mg) 

1) Diets Consumed by low Socioeconomic strata of various regions of Venezuelan population. 

A-Yaracuy 
State 

Breakfast 
Lunch 
Supper 
Total 

525 
558 
643 
1.726 

8.4 
11.1 
4.2 
25.6 

7.3 
13.1 
17.6 
30.0 

11.8 
13.2 
18.6 
43.6 

100.8 
90.1 
103.0 
293.9 

1.0 
9.8 
9.8 
20.6 

0.92 

0.92 

2.1 
5.48 
6.21 
13.9 

B-Sucre 
State 

Breakfast 
Lunch 
Supper 
Total 

239 
660 
678 
1.571 

3.1 
19.3 
11.5 
33.9 

4.9 
7.9 
8.0 
20.8 

9.5 
11.5 
21.9 
42.9 

32.3 
112.4 
97.5 
242.2 

59.1 
10 
69.1 

0.39 

0.39 

1.07 
7.81 
3.02 
11.90 

I E-Zulia State Breakfast 
Lunch 
Supper 
Total 

607 
716 
492 
1.815 

8.8 
18.5 
13.0 
40.3 

7.3 
7.3 
8.9 
23.5 

13.2 
25.3 
18.6 
57.1 

105.2 
100.5 
56.8 
262.5 

64.8 

64.8 

1.48 

1.48 

1.47 
5.87 
3.14 
10.S6 



TABLE III. IRON ABSORPTION FROM VENEZUELAN DIETS 

. — 4 

Diets Blood 
hemoglobulin 
g/100 ml 

Serum 
transferrin 
saturation 
1%) 

Serum 
ferritin 

VQll 

Subjects 
tested 

Nonheme Iron absorption % I 
. — 4 

Diets Blood 
hemoglobulin 
g/100 ml 

Serum 
transferrin 
saturation 
1%) 

Serum 
ferritin 

VQll 

Subjects 
tested 

Breakfast Lunch Supper Reference 1 
dose 

a) 13 .5± 0.7 29 + 3 30 ± 1 5M 6F 4 . 5 ± 1 . 3 6 . 0 ± 1 . 2 7 . 4 ± 1 . 3 

Yaracuy 27 .2± 1.1 

b) 13 .0± 0.3 29 ± 3 35 ± 1 5M 7F 4 . 2 ± 1 . 3 6.1 ± 1 . 3 4 . 8 ± 1 . 2 

p > . 2 p > 0 . 0 5 p > . 6 

a) 12 .6± 0.3 24 ± 3 23 ± 1 OM 18F 5.1 ± 1 . 2 6 . 5 ± 1 . 2 3 . 6 ± 1 . 4 

Sucre 28.5 ±1 .1 

b) 12 .8± 0.3 26 ± 3 19 ± 1 2M 17F 7 .8±1 .3 10 .6±1 .2 4 . 2 ± 1 . 2 

p > . 2 p > . 0 5 p > . 6 

a) 12 .6± 0.7 26 ± 6 21 ± 1 5M 7F 6 . 2 ± 1 . 2 16 .4±1 .1 3 . 5 ± 1 . 2 

Zulia 32 .9±1 .1 

b) 13.1 ± 0.5 27 ± 3 20 ± 1 7M 12F 8 .7±1 .1 2 2 . 3 ± 1 . 2 2 . 7 ± 1 . 3 

- - - - - - p > . 3 p > . 1 p > . 3 

a) Meals administered in the morning after overnight fast 
b) Meals administered at the customary time during the day. 
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TABLE IV. NONHEME IRON ABSORPTION FROM THE LUNCH OF ZULIA DIET 

Subjects Nonheme Iron absorption (%) from lunch given: Subjects 

Hb 
g/dl 

Serum Transferrin 
saturation (%) 

Serum Ferritin 
concentration 
/ig/L 

A 
In the morning after 
overnight fast 

B 
At noon 

2 M 7F 12.8 + .4 26 + 3 2 3 ± 1 12.2 ± 1.3 2 1 . 6 ± 1.2 

Statistic: A vs B - p < .05 

TABLE V. NONHEME IRON ABSORPTION FROM THE LUNCH OF VENEZUELAN DIETS 

Diets Blood Hb 
g/dl 

Serum 
transferrin 
saturation (%) 

Serum ferritin Subjects tested 

Non-heme iron absorption (%) from 
lunch given: 

Diets Blood Hb 
g/dl 

Serum 
transferrin 
saturation (%) 

Serum ferritin Subjects tested A: In the 
morning after 
overnight fast 

B: At noon 

Sucre M 2 

14 .5 3 2 4 5 F 7 5.2 ± 1.4 7.2 + 1.3 

A vs. B: 0 . 7 2 ; p > . 0 1 

5.1 ± 1.4 4 .9 ± 1.3 

A vs. B: 0 . 3 0 ; p > . 6 

| Zulia 13 .9 3 3 3 9 M 6 10.4 9 .9 

I ± 0 . 4 ± 4 1 F 4 ± 1 . 3 ± 1 . 3 

A vs. B: 1 . 1 ; p > . 6 



TABLE VI . MEAN IRON INTAKE AND ABSORPTION FROM DIETS THAT ARE CONSUMED BY VARIOUS SOCIOECONOMIC 
STRATA OF THE VENEZUELAN POPULATION 

Type 
of 
diets 

Iron 
intake 
(mg) 

Categories of 
Subjects tested 

N°o f 
Subjects 

Nonheme and Heme iron absorption (mg) Type 
of 
diets 

Iron 
intake 
(mg) 

Categories of 
Subjects tested 

N°o f 
Subjects 

Breakfast Principal 
Meal 

Second 
Meal 

Total 

V 13.5 

A- Normals 68 0.07 0.57 0.17 0.81 

V 13.5 B- Mod. Deficients 28 0.14 1.09 0.27 1.50 V 13.5 
C- Overt Deficients 36 0.14 1.01 0.30 1.45 

IV 13.8 A- Normal 15 0.14 0.62 0.27 1.03 IV 13.8 

B- Mod. Deficients 8 0.36 0.93 0.64 1.94 

IV 13.8 

C- Overt Deficients 17 0.37 1.65 0.79 2.81 

I Ill-Ill 12.3 A- Normals 12 0.12 0.99 0.31 1.34 12.3 

B- Mod. Deficient 10 0.22 1.99 0.47 2.68 

I 
12.3 

C- Overt Deficient 6 0.17 1.60 0.58 2.35 

For the calculation of dietary iron intake it was assumed that only 9 0 % of the vegetable food consumed by the 
given population is included in each diet tested. 

For the calculation of total iron absorption it is assumed that in norma) subjects about 90% of the absorbed iron 
is incorporated into the circulation hemoglobin while, in iron deficient subjects, 100% is incorporated. 



TABLE VII. RELATIVE IRON BIOAVAILABILITY OF IRON COMPOUNDS USED TO FORTIFY PRECOOKED MAIZE BREAD 
WHEN THE REFERENCE DOSE IS 35% ABSORPTION* 

Subjects Iron fortification Absorption Subjects Iron fortification 

% mg Fe 

M 4 
F 10 

1) When given 250 g. of bread + 8 mg. iron fortification. 

M 4 
F 10 

A) Ferrous sulfate 3.4 0.27 M 4 
F 10 B) Ferroivic 3.9 0.30 

> 3 5 % absorption of the reference dose indicates an early stage of iron deficiency in which the non-invasive indicators of iron 
deficiency are within normal limits and the nonheme iron absorption from a meal increases to about twice the absorption observed 
in normal subjects 

TABLE VIII. RELATIVE IRON BIOAVAILABILITY OF IRON COMPOUNDS USED TO FORTIFY PRECOOKED MAIZE BREAD. 

[ J Absorption (%) Absorption (mg Fe) 

| A) Breakfast: Precooked maize bread enriched with 8 mg Fe margarine + cheese + coffee 

| Ferrous sulfate 1.9 0.15 

I Ferroivic 2.7 0.21 

| B) Same breakfast + oapava 

Ferrous sulfate 8.0 0.64 

Ferroivic 7.5 0.60 


