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Isotope-Aided Studies of the 
Bioavailability of Iron and Zinc from Human Diets 

Summary Report of the First Research Co-ordination Meeting 
Vienna, Austria 

2 9 October - 1 November 1991 

1. INTRODUCTION 

Nutritional deficiencies of essential micronutrients (particularly of iron, but also of zinc and 
selenium) are known to affect hundreds of millions of people throughout the world, mainly 
in developing countries. Such deficiencies can lead to significant deficits in mental 
development, growth, wjrk performance, immune competence and other biological 
parameters. In many o' the population groups that are affected, the deficiencies are 
thought to be due not to an absolute lack of the element in the diet but rather to its poor 
bioavailability. Much work has already been done on this subject, particularly in some 
developed countries and particularly with respect to iron. However, there still appears to 
be a need for more research on factors affecting bioavailability and the means to improve 
it by simple dietary modification and fortification using food products of the kind that may 
be locally available in developing countries. 

Isotope techniques potentially have a large role to play in studies of the bioavailability of 
iron and other trace elements. To support work in this area, the IAEA initiated a Co
ordinated Research Programme (CPP) at the end of 1990 on "Isotope-Aided Studies of the 
Bioavailability of Iron and Zinc from Human Diets". The first Research Co-ordination 
Meeting (RCM) of participants in this CRP is the subject of the present report. At the time 
of the meeting there were eleven participating countries in the CRP. All of them were 
represented at the meeting. 

Further information about the meeting is given in Annex 1 (list of participants and 
observers) and Annex 2 (Agenda). Also reproduced here, in Annex 3, is the report of a 
Consultants' Meeting held in April 1990 which helped to define the purpose and scope of 
the CRP. 

2. CURRENT STA TUS OF THE CRP 

Information on the current status of the CRP is available in the working papers reproduced 
in Annexes 4-13. 

3. GENERAL DISCUSSION TOPICS 

The following notes are not intended as a summary of all the details of the techniques 
currently available for research on bioavailability since these are described in the extensive 
documentation distributed during the meeting. The attention of CRP participants is 



directed particularly to the documents describing "Radioiron Measurements" (Annex 14) 
and the "Measurement of Iron Absorption" (Annex 15). Unless otherwise indicated, the 
following notes refer specifically to iron. 

3.1. Definitions 

The definition of bioavailability given in the Consultants' Meeting report (Annex 3) was 
accepted. For Fe, bioavailability may usually be taken to be equivalent to actual 
absorption. For Zn, the matter is complicated by the occurrence of endogenous losses. 
In such cases it is especially important co define precisely what "end point" is used for tSe 
assessment (e.g. whole body uptake after 2 weeks, after correction for endogenous 
losses). 

Under no circumstances should the term "bioavailability" be applied to the results of in 
vitro experiments. Usually these experiments provide only an estimate of the fraction that 
is available for absorption, and are better described by terms such as "soluble", "ionizable" 
or "dialyzable" (according to the technique actually used). 

3.2. Definition and measurement of iron status 

There are two main categories of iron deficiency: (1) with depleted iron stores, but without 
anaemia, and (2) anaemic (together with depleted iron stores). 

Anaemia is usually defined on the basis of haemoglobin concentration in blood using the 
WHO criteria (WHO Technical Reports Series 503: 1972). In the case of persons living at 
high altitudes it may be advisable to modify these criteria as indicated by Freire (Amer. J. 
Clin. Nutr. 50 (1989) 1440-1449). 

"Classical" methods for the determination of haemoglobin are still in common use and are 
still valid. However, modern instrumentation such as "Haemocue" offer greater 
convenience, also for field use, without any sacrifice of accuracy. Other simplified 
methods (e.g. using filter paper) have also been developed, but need to be validated in 
each case against a laboratory method before being used in actual field studies. 

Since anaemia is frequently caused by factors other than iron deficiency, it is desirable to 
have access to another, more definitive, measure of iron deficiency, namely serum ferritin. 
In otherwise healthy subjects, the usual cutoff is 10-12 fjg/L. However, many workers 
feel that less stringent criteria (e.g. < 20 fjgll) may be more applicable in practical field 
studies. In population studies, if there is a large prevalence of anaemia, assessment should 
be based, in the first place, on haemoglobin. If the prevalence is low, then ferritin is more 
appropriate. 

Serum ferritin is measured by ELISA or RIA (usually the former is to be preferred). 
Commercial kits are available for these analyses. CRP participants who have not 
previously had any experience with immunoassay techniques are recommended to use 
commercial kits in the first place in order to gain experience. However, such kits may 
become too costly if a relatively large number of assays need to be performed. In other 
cases it may be worth developing one's own immunological reagents and setting up one's 
own assay method since the cost per analysis can thereby be reduced by an order of 
magnitude or more. For validation of the method, ferritin standards are available and their 
use is highly recommended. 
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3.3. Dietary surveys and analyses 

Inforn lion from dietary surveys and analyses is important for characterizing the diet in 
the target population group but, by itself, is only of very limited value as a means for 
assessing the risk of iron deficiency. However, information on the kind of diet consumed 
(e.g. vegetarian or non-vegetarian) and the occurrence of components that promote or 
inhibit iron absorption, may suggest ways of improving iron bioavailability or may help in 
the selection of a suitable food vehicle for fortification. 

Components of the diet that are of great interest in assessing and understanding 
bioavailability include phytate, tannin, ascorbic acid, animal products, and contamination 
iron (e.g. insoluble iron in the form of soil particles). In addition, haem iron should also be 
assessed, if possible by direct analysis; otherwise by estimation from published values. 

3.4. Host factors affecting iron bioavailability 

Iron absorption is known to be affected by factors such as sex, age and present iron 
status. (Correction for iron status alone is normally sufficient to correct also for sex and 
agp.) 

The "classical" way to correct for differences in iron status is to use a reference dose of 
labelled ferrous sulphete administered according to a standard protocol. More recently, a 
correction procedure has been developed which is based on the assessment of iron status 
as indicated by the level of serum ferritin. This may be preferable in laboratories that are 
able to measure serum ferritin; however, more information is still needed about this 
approach. 

In some countries (e.g. Chile, Ecuador and Peru) there are iron deficient population groups 
living at high altitudes (e.g. > 3000 m). The effect of altitude on bioavailability is not yet 
fully understood, but it seems likely that it is not fully corrected by the serum ferritin 
method. Further studies of this effect would be desirable, e.g. using a standard meal 
administered to separate groups of otherwise similar subjects resident respectively at sea 
level and at a high altitude. 

3.5. Iron fortification 

The choice of fortificant (the chemical containing iron) and the vehicle (the foodstuff to be 
fortified) should be made by each individual country on the basis of local conditions (e.g. 
local food habits, the availability and cost of the fortificant, production and distribution 
possibilities). Relevant information on the advantages and disadvantages of different 
approaches to this problem may be found in the scientific literature. Ferrous sulphate has 
been chosen in many countries as a fortificant because it is cheap and effective; however, 
it also has some disadvantages. Iron-EDTA chelate and ferrous fumarate are attracting 
increasing attention, though, with the former, there is some concern about exceeding 
recommended intakes of EDTA. 

Double fortification of iron and iodine (in salt) has been demonstrated to be promising in 
India for overcoming concurrent deficiencies of both these essential elements. 
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In many countries, the technical problem of iron fortification has. in principle, already been 
solved and success in field trials has been demonstrated. What is still lacking, in some 
countries, is the political will to treat iron deficiency as an important public health problem. 
Recent international action in this area, including the organization of a UN Conference on 
Nutrition in Rome, Italy, in December 1992, may give added impetus to national and 
international programmes for the eradication of nutritional iron deficiency. 

4. TOPICS PERTAINING TO THE CRP 

4 . 1 . Study design for human studies {in vivo) 

The purpose and scope of the CRP as defined in paragraph 35 of the Consultants' Meeting 
report (Annex 3) were accepted as being correct. The primary target population groups 
in each country are those that are considered to be primarily at risk of being Fe deficient, 
i.e. children under the age of 3 years and pregnant women (particularly pregnant 
teenagers). 

As far as bioavailability studies are concerned, interest is focussed on the study of meals 
rather than individual food items. The meals chosen for study should initially be the main 
meals consumed and should be representative of local dietary habits. The preferred 
isotope technique is based on incorporation of iron into blood cells as in the dual (59Fe and 
5 5Fe) radioisotope method of Eakins and Brown (see Annex 14). In centres that have 
access to a whole body counter, additional measurements by this technique may provide 
•jseful corroborative information. 

Technical details of these techniques are fully described in the documentation distributed 
during the RCM (e.g. see Annexes 14 and 15). The following are some points that 
deserve special mention. (1) subjects should fast for 8 hours before administration of the 
test meal and for 3 hours following (however, water is allowed), (2) blood samples should 
be around 25 mi (2 x 10 ml for duplicate radioisotope analysis; 5 ml for blood chemistry 
including serum ferritin), (3) the series of test meals should be chosen so that the one with 
the lowest bioavailability is used first, and so that the reference dose (highest 
bioavailability) is administered last, (4) the radioisotope label (extrinsic tag) should be in 
1-3 ml of solution as FeCI3 containing 0.1 mg Fe; it should be mixed with one of the major 
solid components of the meal (not a drink), (5) a blood sample should be withdrawn the 
day before administration of the first test dose (to establish the background activity). For 
fortification studies, the fortificant iron should be labelled intrinsically. 

4.2. In vitro studies and animal models 

In vitro studies may be useful as a rapid and relatively cheap screening tool for studies of 
individual foodstuffs and meals, and for monitoring levels of fortification in fortified 
foodstuffs. The results of such measurements, however, need to be interpreted v> : th great 
caution unless and until they have been confirmed by in vivo measurements in human 
subjects. 

Several CRP participants are interested in developing and using in vitro techniques. In 
order to obtain results that can be compared between different centres, it would be 
desirable for all of them to use the same method. The methodology used in the FLAIR 
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study (Annex 16) is recommended initially. Members of the Group who are doing in vitro 
studies agreed to try using this method. IAEA will later provide samples of a standard diet 
that can be used for testing it. 

Animal models - with the possible exception of pigs and primates - are generally not 
considered to be useful for iron studies, and their use in this CRP is not considered of high 
priority. 

4 .3 . Core programme 

Human studies, iron (in vivo) 

It was agreed to define a core programme which will be folio A ed by all participants who 
have suitable facilities for it. The main ideas are: 

to study bioavailability from the same standard meal {"Farina" flour, to be made 
available by Mr. Cook); 
to do similar studies of up to 6 different main meals that are typical of the 
target population groups under study (and if possible also representative of 
different areas of the country); these meals should provide 800-1000 Kcal per 
meal; 
duplicate samples of all unlabelled meals should be homogenized and set aside 
for later analysis (total Fe, haem Fe. contaminant Fe, ascorbic acid, phytate, 
tannin, etc.); the Agency will try to identity a reference laboratory that would 
be willing to do these analyses; the same meals are also to be subjected to in 
vitro analysis by those laboratories that using this method; 
blood serum samples (200 //L) to be kept from each test subject for later 
determination of ferritin (Mr. Cook offers to do this). 

It was further agreed that test subjects should be adult men and non-lactating women (the 
latter should oe using contraceptive measures). The number of subjects required for each 
study depends on the objectives of the study. However, as a general rule, 20 subjects 
should be recruited (one-third men, two-thirds women) so that, after drop-outs, therj 
would be at least 10-15 subjects from whom data could eventually be obtained. These 
subjects can also be used for testing meals that are consumed by other population groups 
(e.g. weaning foodstuffs). 

In vitro studies 

All participants who are planning to do this kind of research will use the same method 
(Annex 16) and will apply it to typical main meals of the kind mentioned above. Iron is the 
main trace element of interest; however, similar methods are also recommended for zinc. 

4.4. Choice of isotopes and labelling techniques 

For human studies of iron in vivo, 5 9Fe and 5 5Fe will be used. For in vitro work, only 5 9Fe 
is recommended. For zinc, the isotope of choice is 6 5 Zn. Individual participants are in 
addition encouraged to use stable isotope tracers in their work — to the extent that they 
have access to suitable facilities and funding - particularly for studies in children and 
pregnant women. However, such work is not regarded as part of the "core" programme 
and will not specifically be supported financially by IAEA. 
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4.5. Equipment for radioactivity measurements 

For sample counting of S 9Fe and 6 5 Zn , a "simple" well type Nal(TJ) counter is recommended 
connected to a PC-based multi-channel analyser. Such systems presently cost around 
US$ 15.000. 

For dual counting of 5 9Fe and 5 5 Fe. a standard commercial liquid scintillation counter is 
recommended. Such systems presently cost around US $ 30,000, and include an 
automatic sample changer. 

The acquisition of new whole body counters is not specifically recommended for iron 
studies (though it may be desirable for work on Zn); simple versions presently cost around 
US$ 150,000 commercially, but may be constructed from components costing only around 
US$ 50,000. 

4.6. Sample preparation techniques for dual counting of 5 9 Fe and 5 5Fe 

Several participants have made minor improvements in the Eakins and Brown method. Ms. 
Hertrampf will provide a translation of her present procedure. The main time-consuming 
step is the digestion of the samples. The Agency will investigate the possibility of trying 
to improve this step, in the light of modern sample digestion methods using teflon bombs 
and microwave heating. Mr. Abdulla will consider making this part of his work plan. 

4.7. Quality assurance 

All participants accept that quality assurance (QA) is an important component of their 
work. One of the most important components is to have (and to use) written "standard 
operating procedures". 

An additional important component of QA in this CRP includes the use of standard meals 
in both components of the core programme {in vivo and in vitro). 

Consideration was also given to the suggestion of preparing and distributing a set of 
standard samples of blood containing 5 9Fe and 5 5Fe in different amounts and ratios in order 
to test for comparability of the results of the radioisotope measurement techniques used 
by different CRP participants. Such an exercise is desirable but may be complicated by 
difficulties in shipping such samples through the international postal system. 

4.8. Zinc 

It was accepted that there is much interest in obtaining more information about the zinc 
status and zinc metabolism of subjects living in developing countries, and that this CRP 
provides some worthwhile possibilities for carrying out such research. Such work is NOT 
yet defined as part of the core programme. Nevertheless, all participants are encouraged 
to do more research on zinc according to their own interests and capabilities. 

The most feasible and useful studies at the present time appear to be zinc supplementation 
trials in children using growth as the test parameter. It is important that such trials should 
have a proper statistical design, and should include a control group (with placebo). 
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Opportunities for using zinc isotopes include whole body counting and picsma appearance 
curves following administration of S 5Zn. 

5. OTHER MATTERS 

Many participants felt that more detailed guidance is needed on methods for studying zinc 
bioavailability and other aspects of zinc nutrition. The Group requested the Agency to 
consider the possibility of organizing a small meeting of experts on this topic. 

The Scientific Secretary informed the Group that the next Research Co-ordination Meeting 
(RCM) for this CRP will probably be organized at the same time as 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), which is due to take place in 
Hyderabad, India, from 16-20 November 1932. 
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UST OF RCM PARTICPANTS & 

Dr. Eva Hertrampf 
Universidad de Chile 
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Hamdard University 
Hamdard Nagar 
New Delhi 110 062 
India 

Dr. N. Raghuramuiu 
Deputy Director 
National Institute of Nutrition 
Indian Council of Medical Research 
Jamai-Osmania P. 0 . 
Hyderabad-500 007, A. P. 
India 

Mr. Khin-Maung-Naing 
Nutrition Research Division 
Department of Medical Research 
No. 5, Ziwaka Road 
Yangon 11191 
Myanmar (Burma) 

Dr. William W. T. Manser 
Baqai Medical College 
Department of Biochemistry 
P. 0 . Box No. 2407 
Karachi-18 
Pakistan 

Dr. Nelly Zavaleta 
Instituto de Investigaciones 
Nutricional 

Av. La Universidad S/N 
Apartado Postal 18. 0191 
Lima 18 
Peru 

fin order of country) 

Ms. Miriam D. Kuizon 
Food and Nutrition Research 
Institute 
Pedro Gil Street 
P. O. Box EA-467 
Ermita, Manila 1000 
Philippines 

Prof. Henryk Rafalski 
Department of Hygiene 
Medical Academy 
ul Jaracza 63 
PL-90-251 LODZ 
Poland 

Dr. K. D. C. E. Liyanage 
University of Ruhuna 
Department of Community Medicine 
P. O. Box 70 
Galle 
Sri Lanka 

Dr. Peter Aggett 
Department of Child Health 
University of Aberdeen 
Foresterhill 
Aberdeen AB9 2ZD 
United Kingdom 

Dr. Sue Fairweather-Tait 
Institute of Food Research 
Norwich Laboratory 
Colney Lane 
Norwich NR4 7UA 
United Kingdom 

Dr. James D. Cook, M.D. 
University of Kansas Medical Center 
39th and Rainbow Boulevard 
Kansas City, Kansas 66103 
United States of America 
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Apartado 21827 
Caracas 1020A 
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AGENDA 

TUESDAY, 29 OCTOBER 1991 

08:45 - 09:00 Registration 

09:00-09:15 OPENING: 

Welcome: A. Cuaron, Director, Division of Life Sciences 

Introductions 

09:15 - 12:30 SESSION 1: Chair: Cook JD 

Adoption of the agenda 

Status report on the Co-ordinated Research Programme 
and administrative arrangements for the meeting 
(Scientific Secretary) 

PROGRESS REPORTS (WORKING PAPERS) 

Chile: Hertrampf E 
India: Raghuramulu N 
Myanmar: Khin Maung-Naing 
Pakistan: Manser WT 

14:00 - 17:00 SESSION 2: Chair: Abdulla M 

PROGRESS REPORTS (WORKING PAPERS) (continuation) 

Peru: Zavaleta N 
Philippines: Kuizon MD 
Poland: Rafalski H 
Sri Lanka: Liyanage KDCE 

WEDNESDAY, 30 OCTOBER 1991 

09:00 - 12:30 SESSION 3: Chair: Kuizon MD 

PROGRESS REPORTS (WORKING PAPERS) (continuation) 

Venezuela: Layrisse MA 
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SEMINARS 

Cook JD: 

Layrisse MA: 

Hertrampf E: 

Raghuramuiu N: 

Methodology for radio-iron absorption 
measurements in humans 
Some of the difficulties in doing iron 
studies in developing countries 
Iron bioavailability from bread consumed 
in Chile 
Doubly-fortified salt (iron/iodine): the 
Indian experience 

Fairwe^ther-Tait S: Animal studies and in vitro techniques 

14 :00 - 17:30 SESSION 4: Chair: Hertrampf E 

SEMINARS (continuation) 

Aggett ?. 

Liyanage KDCE: 
Cook JD: 

Abdulla M: 

Mineral metabolism studies in children 
using isotopes techniques 
In vitro studies 
Overview of present knowledge of 
f ac to rs a f f e c t i n g d i e ta r y i ron 
bioavailability 
Overview of present knowledge 
concern ing zinc n u t r i t i o n and 
bioavailability, with special reference to 
developing countries 

Personal discussions 

0 9 : 0 0 - 12:30 

THURSDAY, 31 OCTOBER 1991 

SESSION 5: Chair: Aggett P 

GENERAL DISCUSSION 

See attached list of discussion topics 

14 :00 - 17:30 SESSION 6: Chair: Layrisse MA and Aggett P 

GENERAL DISCUSSION (continuation) 
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FRIDAY, 1 NOVEMBER 1991 

09:00 - 12:30 SESSION 7: Chair: Raghuramulu N 

Final discussions 
Report of the meeting 

CLOSING OF THE MEETING 

Personal discussions 

DISCUSSION TOPICS FOR SESSIONS 5, 6 AND 7 

GENERAL DISCUSSION TO-'ICS 

1. Definitions: (bioavailability, ....) 

2. Criteria for defining iron deficiency 
in "normal" subjects 
in subjects with recurrent diseases or parasite infections 

3. Dietary surveys and analyses 
value of dietary surveys of iron intake 
determination of chemical composition of diets (e.g. ascorbic acid, 
phytate, etc.) 

4. Factors affecting iron bioavailability 
sex, age, current iron status 
other (e.g. altitude?) 
how to "correct" for these? (reference dose, standard meal, serum 
ferritin) 

5. Iron fortification 
choice of fortificant 
choice of vehicle 

TOPICS PERTAINING TO THIS CRP 

IRON 

6. Study design (for human studies) 
purpose (e.g. public health or research; foodstuffs or meals or diets) 
selection of target population groups 
technique (red ceil incorporation or whole body counting) 
- haem-iron — any problems? 
levels of mineral intake for bioavailability studies 
ethical considerations (radiation doses, and other) 
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7. Study design for other kinds of study 
in vitro studies 
- "standard" technique 
- "improved" techniques (e.g. with mucosal preparations) 
animal models 

8. "Core" programme 
shall any of the above be defined as topics that every CRP ~ .iticipants 
should be working on? 

9. Choice of isotopes and labelling techniques 
for human studies (in vivo) 
for in vitro and animal studies 

10. Equipment needed for radioactivity measurements 
sample counting 
whole body counting (human subjects) 
whole body counting (small animals) 

1 1 . Sample preparation and measurement techniques (for radioactivity) 

12. Other kinds of measurements and facilities needed (including shared facilities, 
reference laboratories and backup measurements) 

13. Evaluation and reporting of results 

14. Quality assurance 

ZINC 

15. Procedures for studying zinc and other elements 
supplementation studies (are they feasible; how should they be 
monitored?) 
how to do bioavailability studies (plasma appearance curves?) 
how to assess zinc status 

GENERAL 

16. Information exchange (including new protocols and reports - is there a need 
for any?) 

17. New participants in the CRP 

18. Technical co-operation and training 

19. Other sources of funding 

20. Report of this RCM 

2 1 . Next RCM (timing and location) 

22. Other matters 
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IAEA CONSULTANTS' MEETING 
ON 

ISOTOPE-AIDED STUDIES OF THE BIOAVAILABILITY AND 
SPECIATION OF ESSENTIAL MICRONUTRIENTS 

WITH SPECIAL REFERENCE TO IRON, ZINC AND SELENIUM 

Galveston, USA, 23-25 April 1990 

A. INTRODUCTION 

1 . Nutritional deficiencies of essential micronutrients (particularly of iron, but also of 
zinc and selenium) are known to affect hundreds of millions of people throughout the 
world, mainly in developing countries. Such deficiencies can lead to significant deficits in 
mental development, growth, work performance, immune competence and other biological 
parameters. In many of the population groups that are affected, the deficiencies are 
thought to be due not to an absolute lack of the element in the diet but rather to its poor 
bioavailability. Much work has already been done on this subject, particularly in some 
developed countries and particularly with respect to ircn. However, there is still a need 
for more research on factors affecting bioavailability and the means to improve it by simple 
dietary modification and fortification using food products of the kind that may be locally 
available in developing countries. 

2. IAEA has announced its intention to start a co-ordinated research programme (CRP) 
in this area, and has already received many indications of interest. The CRP is due to run 
from 1990 to 1994 and will comprise 12-15 participating institutes, mostly from 
developing countries. IAEA is able to provide modest funding (around $ 20,000 for each 
developing country institute, spread over 4-5 years). 

3. The Consultants' Meeting, which is the subject of this report, was convened to 
advise IAEA on setting up the CRP. A list of participants and observers is given in 
Section E. 

4 . The Group first had a general discussion on issues affecting bioavailability, and then 
made some specific remarks and recommendations regarding the purpose, scope and 
implementation of the proposed CRP. Attention was focussed on studies of essential 
elements such as iron, zinc and selenium. Non-essential (including toxic) elements were 
not considered except insofar as they may interact with essential elements. Micronutrients 
other than trace elements (e.g. vitamins) were also not discussed - not because of any lack 
of importance but because there is not as much scope for application of isotopes. 

B. GENERAL REMARKS 

(a) Bioavailability 

5. The term "bioavailability" is used in this report to describe the effects of any process, 
physicochemical or physiological, which influences the fraction of an ingested element 
ultimately presented to tissues in forms that can be used to meet functional demands. It 
is important to note that it is dependent on the actual function and/or metabolic process 
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chosen for study. For some elements (e.g. Fe) bioavailability is mainly determined by 
absorption across the gut wall; for other elements (e.g. Se) the body's ability to retain the 
element after absorption depends also on the chemical form (e.g selenite is much more 
efficiently converted to glutathione peroxidase than is solenomethionine). "Speciation" 
was not discussed separately since it was considered to be part of bioavailability. 

6. Bioavailability as just defined is, in principle, an exact quantitative concept. In 
practice, however, bioavailability may sometimes be reported only in a semi-quantitative 
way or in terms of ratios relative to a standard test dose. Nevertheless, these latter kinds 
kind of information may still be of great value. 

7. Bioavailability depends general', not only on the chemical form of the element and 
other components of the diet, but also on the trace element status of the subject (e.g. 
normal, marginal or deficient). It may also be affected by other conditions such as 
pregnancy. These effects are certainly important for Fe and may be for other trace 
elements too. 

8. Nutritional deficiencies hardly ever occur singly in developing countries (except for 
deficiency of vitamin B,2). In bioavailability studies it may therefore be advantageous to 
study several elements concurrently. In particular, Fe and Zn tend to move together 
through the food chain; therefore if one is deficient it is quite possible that trie other will 
be deficient too. 

9. Changes in net uptake (e.g. of Fe) may also be associated with physiological and/or 
disease p. ocesses such as blood loss. In some studies is may be necessary to study these 
separately. 

10. Personal food selection habits are an important determinant of trace element intake 
and may iead to deficiencies even if the available foodstuffs are otherwise adequate with 
respect to trace elements. 

1 1 . Marginal (covert) deficiencies of trace elements, from any or all of the above causes, 
are probably much more common than frank deficiencies, but are generally difficult to 
identify (except lor Fe). 

12. Many of the human studies reported in the literature have used too few subjects; 
because of large inter- and intra- variability in intakes the conclusions may therefore have 
excessively wide confidence intervals. To some extent this problem can be minimized by 
the use of appropriate mathematical tools, e.g. analysis of covariance. 

13. Developing countries provide some interesting opportunities for bioavailability studies 
that cannot be carried out in other ways, e.g. extremely high levels of interfering 
substances such as Ca and phytate combined with low intakes of Zn. 

(b) ken 

14. In spite of extensive intervention efforts in many countries, Fe deficiency is still an 
important worldwide public health problem (affecting work performance, cognitive 
development, immune function, etc.). Although Fe metabolism and nutrition are relatively 
well understood, further research is still necessary to optimize and monitor intervention 
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efforts in relation to local food habits and conditions. 

15. The Group felt that high priority is still needed for studies in developing countries 
relating to the development and application of appropriate local intervention programmes 
(suitability of different vehicles for fortification; type and level of fortification required; 
modification of local diets to improve Fe absorption; monitoring of effectiveness, etc.). 

16. With respect to the study of the effects of specific types of meals, a large amount 
of work has already been done in several advanced laboratories; it is probably not a good 
idea to repeat such work in developing countries. However, it might be interesting to 
define some standard meals and compare Fe absorption in different population groups in 
developing countries. 

17. More information is needed on Fe nutrition in children (particularly infants) since it 
is not known to what extent it is valid to extrapolate from results obtained in adults. 

18. Further studies of interactions between Fe and other elements are desirable, e.g. (i) 
suppression of Zn (and Cu) absorption by pharmacological levels of Fe supplementation, 
(ii) the observation that an adequate Fe status may be important in protecting against the 
accumulation of toxic heavy metals (Pb, Cd, Hg), and (iii) a possible suppression of Fe 
absorption by high levels of Ca intake (such as are advocated by some groups for the 
prevention of osteoporosis). 

19. There is a large potential for using isotopes to study Fe absorption and availability 
from food. Indeed, isotope techniques are much better established for Fe than for other 
trace elements. The radioisotope methods described in the INACG 1982 document are still 
valid except that the assessment of Fe status is now better done by measurement of 
serum ferritin. 

20. At present the use of stable isotopes for measuring bioavailability is generally 
recommended only for studies in babies and small children; for adults the costs of the 
isotopes become prohibitive. 

(c) Zinc 

2 1 . In the opinion of the Group there is strong evidence that Zn deficiency may play an 
important role in public health, though the evidence has not yet attained the degree of 
certainty associated with Fe. The known effects of deficiency include, among others: 
stunting (short stature wi th normal weight-for-height), reduced cognitive performance, 
reduced immune function, increased probability of poor outcome of pregnancy. 

22. Zn status is known to affect the bioavailability of Zn from the diet and its subsequent 
metabolism. Unfortunately, although many different measures of Zn status have been 
proposed, there is as yet no agreed technique for quantifying or reporting it. As far as 
isotope techniques are concerned, the Group suggested that it could be probably be 
studied usefully by measuring the biological half life of a Zn tracer or by some sort of 
absorption or load test. However, such methods still need to be validated. 

23. A large number of different dietary factors are known to affect Zn bioavailability (e.g. 
Ca, phytate, protein, lectins, browning products, food preparation methods such as 
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fermentation); more studies of this kind are needed. 

24. There is a large potential for using isotopes to study Zn absorption and availability 
from food in a similar way to what has already been done with Fe; however, the validity 
of using an extrinsic label still needs to be established and the measurement techniques 
are somewhat different (instead of blood measurements it is necessary to measure stools, 
or to use whole body counting). 

(d) Selenium 

25. Dietary Se intakes in human populations vary over several orders of magnitude. 
However, except in some areas of China and neighbouring regions, the Group felt that 
there is currently no convincing evidence of the existence of significant public health 
problems due to uncomplicated Se deficiency. 

26. Despite the fact that Se nutrition has been studied intensively for many years, much 
less is known about this subject than is the case for Fe or Zn. There is still a great need 
for more basic research, particularly in relation to infp.nt growth. 

27. Bioavailability is known to depend mainly on the chemical form of the element (e.g. 
inorganic or as selenomethionine) rather than on other components of the diet. However, 
the bioavailability of Se may also be affected by the level of protein in the diet and, in the 
case of seafoods, by the presence of other heavy metals. Selenium status is another 
determining factor. 

28. Dietary Se is thought to affect the utilization of I by the thyroid and other tissues; 
further investigations of this kind of interaction are needed. 

29. There is a large potential for using isotopes to study Se bioavailability. However, the 
techniques are less well developed than is the case for Fe or Zn. The validity of both 
methods of labelling (extrinsic and intrinsic) has not yet been satisfactorily established. 

(e) Other trace elements 

30. Iodine deficiency is a common problem in very many countries of the world 
(particularly, but not only, in developing countries). It leads to a wide spectrum of 
different iodine deficiency disorders (iDDs) ranging between mild cognitive deficit and frank 
cretinism. The relationship between simple iodine deficiency and IDD is well understood. 
However, more work is needed to clarify the effects of different goitrogens, and of low 
Se intakes, on iodine requirements and metabolism. 

31. Of the remaining essential trace elements, only Cu was considered by the Group to 
be of potential public health significance. It appears to be important in the treatment of 
children recovering from protein-calorie malnutrition. In adults there is accumulating 
evidence of its possible role in cardiovascular diseases, low Cu intakes being associated 
with raised blood cholesterol, the occurrence of cardiac arrhythmias, and elevated blood 
pressure under work load. 

32. Further basic research is required to clarify the metabolism of these and other 
elements and their interactions with other dietary components. Isotope studies of 
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bioavailability are expected to be an important component of this work. 

C. RECOMMENDATIONS CONCERNING THE PROPOSED NEW IAEA CO-ORDINATED 
RESEARCH PROGRAMME (CRP) 

33. The Group strongly supported the proposal to establish an IAEA Co-ordinated 
Research Programme (CRP) on bioavailability of trace elements. 

34. In the light of the discussion summarized in paragraphs 5-32, the Group considered 
various possible CRPs taking account of (i) the limited financial resources available, (ii) the 
existence of appropriate counterpart institutions in developing countries, and (iii) the 
desirability of selecting a topic that might have a significant impact on human health. It 
was agreed to formulate a programme of narrow scope that could be implemented in the 
first place using only the limited financial resources available from IAEA; however, it was 
hoped that the following proposal might simultaneously be attractive to other potential 
funding bodies. It was also considered desirable to define a programme that would bring 
some local benefits to each participating country as well as providing df ta of Qlobal 
applicability. 

(a) Purpose and scope 

35. The main focus of the proposed CRP should be iron nutrition. High priority should 
be given to studies in developing countries relating to the support of appropriate local 
intervention programmes for the alleviation of iron deficiency. These include (i) food 
fortification (selection of suitable vehicles for fortification; type and level of fortification 
required; monitoring of effectiveness), and (ii) dietary modification (selection of appropriate 
local foodstuffs containing bioavailable Fe; reduction in the amounts of substances 
inhibiting the absorption of Fe, etc). Studies of Fe supplementation (e.g. with pills), 
however, are considered to be less suitable for inclusion in the CRP. 

36. Among such projects, priority should be given to research proposals which also 
include the concurrent study of zinc nutrition in the same target populations. Topics of 
particular interest with respect to Zn bioavailability include (i) interactions with Ca and 
phytate, (ii) enhancement of bioavailability by fermentation, and (iii) effects of lectins. 

37. The topics identified in paragraphs 35 and 36 constitute the "core programme", 
which, as far as possible should be carried out by all participants according to an agreed 
protocol. Details concerning the work to be done should be discussed and agreed at the 
first Research Co-ordination Meeting (which is presently scheduled to take place in late 
1990 or early 1991). In addition, participants should be free to work on various 
supplementary programmes, the details of which may vary from one participant to another. 
Suitable topics for the supplementary programme include mutual interactions between (i) 
Fe bioavailability and metabolism on the one hand and (ii) other dietary factors such as 
vitamin A, aluminium and selenium on the other hand. (Interactions with Zn are already 
regarded as part of the core programme.) 

38. The primary target population groups of interest in each country are those that are 
considered to be primarily at risk of being Fe deficient, i.e. usually infants, children and 
pregnant women. 



3 - 6 

(b) General recommendations pertaining to methodology 

39. Reference analytical laboratories should be identified for (i) 5 5Fe and 5 9Fe 
measurements in blood, (ii) stable isotope measurements by ICP-MS and (iii) whole body 
counting. The function of these laboratories is to offer advice and quality control 
assistance to other less experienced participants in the CRP, and, if necessary, to provide 
some backup analyses. 

40. If significant use is to be made of stable isotope techniques in the proposed CRP, it 
may be advantageous for the IAEA to make a prior arrangement with the principal supplier 
(the US Department of Energy) in order to have an assured supply at an acceptable price 
for the duration of the CRP. 

4 1 . If in vitro tests or animal experiments are used (paragraphs 53-54 and 59-60), the 
results obtained cannot be considered to be applicable to the human situation until they 
have also been verified by human experiments. 

42. There appears to be scope for simplifying the equipment and procedures for 
measuring radioisotopes in human subjects (see paragraphs 43-44 and 56). Instead of 
using a whole body counter it may be possible to design a simpler and cheaper apparatus 
for making acceptable partial body measurements. This possibility should be explored 
further. 

(c) Isotope techniques to be used for iron studies 

43. In vivo techniques using dual radioisotopic labels (typically 3 //Ci of 5 dFe and 1 //Ci 
of 5 9Fe) provide the simplest and best validated techniques for these studies. Up to four 
different measurements of absorption may be made in the same subject, usually 
representing three different meals and one reference dose (inorganic Fe or a standard 
meal). 5 5Fe is measured in a blood sample collected after 2 weeks. 5 9Fe is measured either 
(i) in the same blood sample, or (ii) in the whole body by whole body counting. Blood 
activity measurements are usually made by liquid scintillation counting following suitable 
samp! 3 preparation (see paragraph 50). 

44. Whole body counting of 5 9Fe offers two advantages (i) that a more reliable estimate 
of absorption is provided and (ii) that less 5 9Fe may be used (thereby reducing the radiation 
dose to the subject). 

45. Studies can also be made using a single isotopic label, but the amount of information 
provided is thereby reduced. 

46. Radiation doses associated with these studies (typically * * mSv for a set of 4 
measurements of Fe absorption using the dual isotope technique) are only a fraction of 
typical annual background doses, and may therefore be considered to be virtually 
negligible. It is nevertheless essential to obtain the informed consent of the subject and 
of the relevant human studies committee before carrying out such work. These techniques 
are normally not used in healthy children and healthy pregnant women. [Note: according 
to WHO Technical Report Series 611 (1977), total body radiation doses in the regions of 
0.1 mSv may be considered to be negligible in research projects involving irradiation of 
human beings; doses in the region of 1 mSv fall within the individual dosage limits 
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recommended by ICRP for small groups of members of the publ ic] 

47 . For studies in infants the preferred technique is to use a stable isotopic label (usually 
5 8Fe) followed by a measurement by ICP-MS. Other techniques such as neutron activation 
may be considered as alternatives in centres that already possess the necessary analytical 
facilities. There is no evidence of any hazard associated with the use of this method. 

48. The above mentioned techniques are usually applied for the study of non-haem Fe, 
using inorganic Fe as an extrinsic label. Haem-Fe can be studied in a similar fashion, using 
a suitable form of intrinsically labelled haem-Fe (e.g. from rabbits). However, the actual 
measurement of haem-Fe absorption is usually not necessary since is may be assumed to 
be fairly constant (though dependent on Fe status), and is not greatly influenced by meal 
composition. 

49. The isotopic labelling of iron preparations used as fortificants may present special 
problems if these are produced on a large scale by industrial processes. It may be helpful 
if IAEA could arrange to provide CRP participants with samples obtained from a central 
supply. 

50. Sample preparation techniques prior to the measurement of 5 5 Fe and 5 9Fe have been 
well described and are reliable in experienced hands. However, they are time consuming 
and involve a large number of manual operations. Technical improvements can be 
envisaged, but this would required additional development work. 

5 1 . More work is required to ensure the comparability of analytical results obtained in 
different laboratories. In the first place it would be desirable to test the reliability of 
radioactivity measurement by means of a standard sample of blood containing 5 5Fe and 
5 9 Fe. 

52. There is a need for a practical laboratory manual describing these techniques. Topics 
of particular importance include (i) sample preparation, (ii) radioactivity measurements, and 
(iii) correction procedures to take account of differences in iron status. 

53. In vitro procedures have recently attracted attention as a possible alternative to 
experiments on humans. Although they cannot completely replace human studies, they 
can nevertheless provide useful data which, in some cases, has been shown to correlate 
well with results from human studies. Their main advantage is that they are relatively 
much quicker and cheaper to carry out. Results are based either on a chemical analysis 
of Fe or on the use of an isotopic tracer. 

54. Animal models have been frequently used for the study of Fe absorption, but their 
relevance to the human situation is questionable, except possibly for some studies of Fe 
fortificants. The available evidence shows that the rat is npi a good model since response 
to enhancers and inhibitors is generally reduced as compared with the human. It may be 
profitable to explore the possibility of using other animal models (e.g. the pig). 

(d) Isotooe techniques to be used for zinc studies 

55. Isotope techniques for the study of Zn bioavailability and metabolism are not as well 
developed and validated as is the case with Fe. More work is therefore still needed on this 
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aspect of the problem. 

56. At present the preferred technique appears to be the following. Radioisotopic Zn (as 
0.1 - 0.5 /vCi 65Zn) is administered as an extrinsic label with food, and the subject is 
counted 2 weeks later using a whole body counter. This gives a direct measure of net 
retention. A correction has to be made for endogenous losses (which may be appreciable). 
This may be done by assuming a nominal figure (based on other studies of a similar 
population group); alternatively it may be estimated in each subject from additional whole 
body counting measurements. 

57. Similar techniques may be applied using a stable isotopic tracer. This is measured 
in a homogenized aliquot of a faecal collection, or in a single sample of faeces containing 
an appropriate unabsorbable marker (e.g. Dy). In principle the ideal technique should be 
to use dual isotopic labels (67Zn by injection and 7 0Zn orally), and to determine these in a 
single sample of urine. However, this is still an area of current research, and more work 
is needed. The preferred measurement technique is ICP-MS, but other techniques such 
as neutron activation may be considered as acceptable alternatives in centres that already 
possess the necessary analytical facilities. 

58. The study of endogenous Zn loss may be of interest in itself (independently of 
absorption from a test meal). 

59. In vitro models are also of interest in the same way as for Fe, and it may be possible 
to measure both metals in a single test. However, more work needs to be done to 
optimize this method and evaluate its validity and limitations. 

60. No animal model has yet been identified that mimics the human situation exactly. 
Useful information on interactions between Zn and other food components (e.g. Ca and 
phytate) can be obtained from rat experiments. However, caution should be exercised in 
extrapolating from animals to the human (e.g. because the rat gut contains phytase, which 
modifies the phytate effect observed in the human). It may be profitable to explore the 
possibility of using other animal models (e.g. the pig). 

(e) Implementation of the proposed CRP 

61. The Group supported the IAEA's proposal to implement the CRP as soon as possible, 
starting with a letter of invitation to selected institutes in developing countries. Some 
addresses have already been compiled by IAEA, and efforts will be made to add to the list 
from other sources of information including WHO and the International Nutritional Anaemia 
Consultative Group. Preference should be given to countries which, on the basis of 
evidence such as that referred to in paragraph 65, appear to offer dietary condition of 
special interest, such as high phytate. 

62. All members of the Group are, in principle, willing to assist by joining the CRP under 
appropriate Research Agreements. However, no further action will be taken regarding their 
participation until it can be seen what kinds of applications come in from developing 
countries. 

63. Although the CRP can be implemented using only the limited resources available to 
IAEA (see paragraph 2), the Group was strongly of the opinion that efforts should be made 



to mobilize additional resources from other international donors. (A list of potential donors 
that might be able to assist will be compiled by IAEA, with the help of the Group.) 

64. The Group also recommended IAEA to give favourable consideration to suitable 
requests for assistance under its Technical Co-operation and Fellowships programmes. 
The most appropriate forms of training are as guided research and on-the-job training. The 
minimum period of time required for this will generally be 6 months. The training should 
also include participation in the design of experiments, not only in measurement 
methodologies. 

D. OTHER MATTERS 

65. The Group was also invited to comment on a number of other IAEA projects in the 
area of hurran nutrition. The discussion mainly concerned an on-going CRP which is 
providing information on dietary intakes of 23 elements in 15 countries, together with 
information on energy, fibre and phytate. It was agreed that the data generated by this 
programme provides interesting possibilities for exploring mathematically some possible 
interactions among trace elements and with phytate. Dr. Sandstead offered to help with 
this evaluation provided that he were given a copy of the whole database; this will be 
done. 

66. The Group also considered a proposal for a new IAEA research programme on 
osteoporosis, which is due to be started next year. They agreed that this is a subject of 
considerable interest, and that the proposed project would be worth carrying out. They 
also agreed that the possible role of trace elements in this disease should be studied. 

67. IAEA's plans to produce a technical report on isotope techniques in human nutrition 
research were supported, though it was noted that this project is currently not proceeding 
very fast due to the fact that an editor and a contributor of one essential chapter are still 
being sought. Some suggestions were made, which will be followed up later. 

E. CONSULTANTS AND OBSERVERS 

Consultants: 

J.D. Cook, Kansas City, USA 
M. Janghorbani, Chicago, USA 
C.F. Mills, Aberdeen, UK 
H.H. Sandstead, Galveston, USA 

Observers: 

M. Abdulla, Lund, Sweden 
N.W. Alcock, Galveston, USA 
K.J. Ellis, Houston, USA 
S.G. Kahn, Washington D.C., USA 
G. Lykken, Grand Forks, USA 

Scientific Secretary: 

R.M. Parr, IAEA, Vienna, Austria 
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FORTIFIED FOODS TO BE USED IN IRON FORTIFICATIONS PROGRAMMES 

IN CHILE AND ECUADOR: 
Validation of in vitro techniques. 

Eva Hertrampf 
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ABSTRACT 

In selected typical Ecuitorian foods to be used in nutritional intervention programmes, 

we measured iron bioavailability in humans, with a double isotopic method. The interaction 

with some accompanied foods or beverages was also studied. Iron bioavailability 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 do not affect iron absorption from bread. 

At the same time, we will validate an in vitro iron availability technique comparing it 

with the results obtained in other laboratories involved in the present CRP and with the 

results obtained in the same foods with in vivo double isotopic. We will also start studies 

of in vitro zinc availability. 
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1. INTRODUCTION 

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 [1]. Iron deficiency anaemia may manifest 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 USA and by Walter et al. in our research group suggest that iron 
deficiency affect the child 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. 

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 programn e of food fortification. In this working paper I will 
describe the background of the probiem of iron deficiency in Chile and in Ecuador, I will show the 
protocol, some preliminary results and the future plan of work from the project related with 
bioavailability of iron from native and fortified foods to be used in combating iron deficiency in other 
Latin american country, Ecuador. 

The population of Chile was estimated to be 12 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 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 child 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 newborns, family 
planing programmes, improvements in sanitation. 

In spite of these improvements, iron deficiency anaemia continues as a major public health 
problem, affecting small children and pregnant women. Thirty percent of the infants under two 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 in our research group at INTA different strategies to 
implement iron fortification of foods at a national level. The most important ones are listed below: 

Milk fortification with ferrous sulphate and ascorbic acid |7-12]. 

Fortification of a rice-based infant cereal with haemoglobin [13,14]. 

Biscuits fortification with haemoglobin for school age children [15,16,7]. 
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Despite all these efforts, at the present time the milk delivered freely to Chilean infants through 
the long lasting National Programme is not fortified with iron [12]. The low prevalence of iron 
deficiency in the rest of the population may be explained by the high consumption of bread made with 
ferrous sulphate fortified wheat flour, according to national legislation [17]. 

Since we have at INTA-U de Chile a large experience in the field of food fortification, we 
started a relationship to support a group from the Universidad Central del Ecuador on their plans to 
combat iron deficiency in that country. 

Ecuador is a country with a serious iron deficiency anaemia problem. Prevalence studies 
[18-19] show that this condition is widespread in the population (Table I). In this country, several 
governmental organizations such as the Ministry of Health, the Universidad Central del Ecuador and 
the Consejo Nacional de Desarrollo del Ecuador (CONADE) have decided to implement a national 
programme aiming to combat iron deficiency. This programme will include food fortification, 
weaning food development along with agricultural production and nutritional education. 

Iron consumption is very insufficient, specially in children. Traditionally wheat is not the main 
staple food in Ecuador, however, at present vermicelli in different preparations is a highly consumed 
food and bread made of wheat flour is a valuable food for the population. Characteristics of wheat 
milling, bread and vermicelli consumption made these foods good vehicles to be fortified. 

The next step was the measurement of iron bioavailability from the selected foods to be fortified 
and its interaction with the rest of the diet. At present the Ecuatorian group is not able to develop 
this kind of studies, so we took advantage of oi r experience and facilities in the field, to perform the 
absorption studies of these foods in our laboratory. In this respect, we think that radioisotopic studies 
done in human, because of their high costs, technical difficulties and high requirement in laboratory 
facilities, should be done in only a few regional centres of reference. In this regard, it is very 
important that screening tests to predict iron bioavailability, such as in vitro techniques, could be 
accessible at local laboratories. With this technique, it will be possible to select the best one among 
different possible vehicles and fortificants before the testing in humans. Besides, to count with it 
become essential for a quality control of the different batches during the development of national 
programmes. 

Our intention is to transfer the validated techniques through stays of fellows in our laboratory, 
in this case a Medical Doctor from the Ecuatorian group, financed by the UNU. is working with us. 

Several approaches have been used to predict the bioavailability of iron sources [20]. Dialysis 
measurements, the most used of the in vitro methods, test iron availability simulating in vitro 
gastrointestinal digestion system and can be performed at small fraction of the cost of animal studies. 
According to data published by the International Nutritional Anaemia Consultative Group (INACG), 
the main limitation of this in vitro technique was the variability due to the fact that technical experi
ence with the method was limited in some laboratories. Even relatively small variations in incubation 
time can lead to pronounced differences in dialysable iron. With further experience and refinements, 
this method will probably produce results comparable to those obtained with haemoglobin repletion 
techniques [21]. 

In the present project we intend to measure iron availability of foods using in vitro dialysis 
method and in vivo double radioisotopic method in order to comrare the results obtained in the same 
laboratory and in the same meals. In this way, we will be providing data base for validation of this 
screening tests. 
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2. OBJECTIVES. 

To standardize a modification of an in vitro iron availability technique (Miller et al. [21]) 
using eolorimetric, atomic absorption spectrometry and radioisotopic measurements. 

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

To transfer the in vitro technique to other laboratories. 

ALL THESE STUDIES WILL BE PERFORMED IN TYPICAL ECUATORIAN FOODS TO 
BE USED IN NUTRITIONAL INTERVENTION PROGRAMMES. 

During the first year, we have developed the following research studies: 

Isotopic iron absorption studies from fortified bread and vermicelli ingested as single 
"bods, and the effect of locally consumed beverages such as lemonade and camomile 
infusion sweetened with raw sugar cane, "panela". 

In vitro absorption study measuring dialysable iion in the same situations. An Ecuatorian 
Research Fellow (MD) participated in this study. 

3. MATERIAL AND METHODS. 

3.1 in vivo absorption study. 

It was performed in 13 adult female volunteers using a double isotopic technique with extrinsic 
tagging of foods. 

3.3.1. Subjects. 

Thirteen muciparous women, in apparent good health, ranging in age from 35 to 50 years 
part'dpated. All of them used contraceptive uterine devices, were of low socioeconomic level and 
lived in Santiago. Iron status resulted normal in all subjects, although the range of iron status, 
reflected by serum ferritin levels, was wide (Table II). 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. 

3.1.2. Foods. 

Ecuatorian wheat flour (70 % of extraction), intrinsic Fe: 1.45 mg/lOOg. Ferrous sulphate as 
fortificant (Fe = 3mg/100g) was added. Vermicelli and bread were prepared in a domestic way. 
The radioactive iron was added to the dough. Table III shows that the distribution of the isotopic 
labelling in samples of bread and vermicelli randomly obtained was quite homogeneous. 

Vermicelli soup: Vermicelli 85 g (dry weight), with potatoes (40g), onion (3.6g), lard (5.3g), 
paprika and salt. Iron content 5.3 mg/serving. 

Bread: Wheat flour (lOOg), lard (25g), sugar (I4g), milk (15g), egg (lOg), leaven (0.6g) and 
salt(O.lg). Iron content 3.1 mg/lOOg. 
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Lemonade: Fresh lemon juice (10%), serving of 150 ml = 10 mg of ascorbic acid, raw sugar 
cane "panela" (7.5%). 

Camomile infusion: Sweetened with raw sugar cane juice (5%). Serving of 150 ml. Tannin 
content 24.5 mg/100 ml. 

3.1.3. Absorption measurements. 

All test foods were eaten between 8:00 and 9:00 hours after a 10 h fast. Only water was 
allowed for 3 h following the test foods. 

On day 1, subjects received vermicelli as -ingle food (158 g) extrinsically labelled with 3 fid 
ofMFeCl 3. 

On day 2, they received vermicelli (85g) as soup labelled this time with 1 /iCi of *TeCI3. 

On day 14, venous samples was obtained to determine the haematologic characteristics of the 
subjects and to measure the radioactivity incorporated into erythrocytes; then they received vermicelli 
soup (85g) and lemonade (150 ml) labelled with 1 /xCi of''FeC^. 

On day 15, subjects received bread (70 g) labelled with 3 /iCi of 55FeCI3. 

On day 28, a second blood sample was obtained in order to calculate the increase of blood 
radioactivity between days 14 and 28 then the same subjects received bread (70g) with camomile 
infusion (MFeCl3). 

On day 29 they drunk an aqueous solution of a standard 3 mg dose of iron as ferrous sulphate, 
containing a 2:1 molar ratio of ascorbic acid to iron, labelled with 1 /tCi of ''FeClj. 

On day 42, a third blood sample was obtained in order to measure the increase of blood 
radioactivity between days 28 and 42. 

Assays for MFe and wFe were performed on duplicate 10 ml blood samples and in 6 samples 
of the test food ingested according to the method of Eakins and Brown [22]. The activity of 
radioisotopes in the processed samples will be determined using a liquid scintillation counter 
(Beckman LS 5000 TD). 

The percentage absorption values were be calculated on the assumption that a 100% of the 
absorbed radioactivity was present in the haemoglobin of the circulating erythrocytes. Blood volume 
of each subject was estimated based on sex, weight and height [23]. Iron concentration and iron 
binding capacity are measured by the Fischer and Price technique and serum ferritin using an 
immunoassay technique. 

3.1.4. Statistical A nalysis. 

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 anti-logarithms to recover the original units, according to Cook et al [24]. 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 0. 
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3.2. in vitro absorption study. 

Iron availability was assayed in one sample of each meal used in "in vivo" study. A 
modification of the method of Miller et al was used [21]. After blending, the meals, were adjusted 
to pH2 with 6 N HC1. Samples of the frozen meals were liquefied in a 37°C shaking water bath. 
Pepsin was added in an amount that provided O.S g of pepsin per 100 g of meal. The samples were 
incubated in a 37°C shaking water bath for two hours. After incubation, samples were removed 
for measurement of titratable acidity, and non-haem iron concentration. Twenty grams triplicate 
aliquots of the pepsin digest are mixed with NaHC03 until the pH reaches 7, then 5 ml of pancreatic 
bile are added. The digested mixture is homogenized and incubated at 37°C during 2 hours in a 
shaking water bath. Segments of dialysis tubing (molecular weight cutoff of 6-8000) containing 9.5 
g of the digested mixture were deposited in 20 ml of water in a 100 ml beaker. The beakers were 
sealed with parafilm and incubated in a 37°C shaking water bath during 2 hours. At the end of the 
incubation period, the dialysis tubes wcr; removed, the dialysate sample from the beaker was placed 
in a conic tube and 3 ml of HC1 6N were added, the mixture was homogenized and placed in a 
boiling water shaking bath for 15 minutes. Then, 2 ml of TCA (10%) were added plus water until 
reach 22.5 ml. The treated dialysate is centrifuged at 2500 rpm for 15 min. Non-haem iron, in the 
digested mixture and in the dialysate sample, were determined using colorimetry. 

Iron availability was expressed as a percentage, using the following equation: 

Dialysable iron (colorimetric spectrometry). 

jig Fe/g dialysate x g dialysate 
% = x 100 

/xg Fe/g of meal x 20 g 

4. RESULTS AND COMMENTS. 

Bioavailability of iron from wheat flour fortified foods was good, a mean absorption value of 
9 % (Tables VI, V). These results are comparable to other studies done by us |17) and by other 
authors [25,26]. 

The highest mean absorption, in this study, was obtained when vermicelli soup was eaten 
together with lemonade sweetened with raw sugar cane (Figure 1). This result is difficult to explain, 
because the ascorbic acid dose in the lemonade was too low (10 mg/serving) to be responsibie for the 
enhancing effect. However, we cannot exclude a possible combined effect of citric acid, ascorbic acid 
and some other compound present in raw sugar cane. It is mandatory to analyze this food chemically. 

Camomile infusion is not affecting iron absorption from bread. This herb has a low content 
of tannin when compared with tea or other herbs (Table V). 

Preliminary results of dialysable Fe measured in the Ecuatorian foods are shown in figure 2. 
With this technique, results obtained through in vivo study were reproduced quite closely, excepting 
higher iron availability in vermicelli soup when compared with vermicelli alone (Table VI). 

If vermicelli and bread are made with iron fortified wheat flour, according to bioavailability 
data obtained in this study, it is possible to say that they will supply an important amount of iron to 
the Ecuatorian diet. This amount could be double if they are accompanied with drinks such as 
lemonade (Table VII). 
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5. PLAN OF FUTURE WORK. 

5.1. In vitro iron availability studies. 

All the in vitro studies will be done, using the method proposed by the FLAIR study (group of 
European laboratories), in order to obtain results mat can be compared between different centres. 

5.1.1. To obtain the coefficient of variation in an adequate number of samples. (10 samples of 
each meal used in "in vivo" studies). 

5.1.2. To compare the measurement of dialysable iron using colorimetry vs atomic absorption 
spectrometry and radioactive counting methods. 

5.1.3. To repeat the complete protocol related to in vitro studies with local facilities in Ecuador 
to compare them with the results obtained in Chile. 

The Fellow (MD) trained in our Unit Research will be in charge of these studies. 

5.2. In vitro zinc availability studies. 

Employing the method proposed by the FLAIR study, we will start the measurement of zinc 
availability. 

5.3. In vivo iron bioavailability studies. 

5.3.1. To study bioavailability from a standard meal. ("Farina" flour). 

5.3.2. To determine iron bioavailability in two infant's modified cow milk formula developed 
and produced in Chile and compare them with a commercial infant formula. 
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TABLE I 

PREVALENCE OF ANAEMIA IN ECUADOR. 

Group Anaemia (%) 

Infants 6 to 12 months 70 
Infants 12 to 24 months 40 
Children 2 to 6 years 23 
Children 7 to 12 years 36 
Women 30 
Men 30 
Pregnant women 60 

TABLE II 

IRON NUTRITION STATUS OF THE SUBJECTS. 

Subject Age 
y 

Height 
% 

Hb 
g/dL 

Fe 
Mg/dL 

IBC 
Mg/dL 

Fe/TIBC 
% 

FS* 

U 
LG 
IF 
AT 
FA 
IZ 
PD 
MF 
JC 
GR 
LS 
RC 
EZ 

50 
40 
37 
39 
35 
37 
36 
43 
35 
42 
38 
40 
39 

39.3 
41.1 
41.1 
45.1 
39.2 
44.1 
38.2 
38.5 
37.7 
40.9 
39.2 
37.3 
40.5 

13.3 
14.0 
14.2 
15.7 
13.4 
14.9 
13.2 
13.0 
12.6 
13.9 
13.3 
12.9 
13.6 

79 
113 
113 
128 
153 
87 
64 
124 
57 
124 
104 
80 
78 

267 
266 
230 
398 
344 
304 
268 
301 
328 
372 
266 
338 
266 

29.5 
42.5 
48.8 
32.1 
44.4 
28.4 
23.8 
41.3 
17.5 
33.4 
39.1 
23.5 
29.4 

117.0 
64.1 
84.2 

135.2 
79.2 
41.3 
51.9 
26.9 
22.7 
29.1 
60.7 
54.4 
24.8 

Mean 

SD 

39 

4 

40.2 

2.2 

13.7 

0.8 

100 

27 

303 

47 

33.4 

9.0 

52.2 

(29.7-91.5) 

* Geometric mean and 1 SD. 
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TABLE III 

DISTRIBUTION OF ISOTOPICAL LABELLING IN LABELLED FOODS. 
(epm/g). 

Vermicelli 

»Fe 

Vermicelli 
soup 

5 , Fe 

Vermicelli 
Soup 

panela 

5 ,Fe 

Bread 

5 5 F e 

Bread 
Camomile 
"panela" 

*Fe 

Ferrous 
ascorbate 

»Fe 

1 
2 
3 
4 
5 
6 

14153 
13420 
15865 
15972 

14558 
14375 
13955 
13918 

10625 
10996 
9097 
8817 

59286 
55801 
55139 
54641 
52867 
50231 

65414 
62775 
52239 
51909 
59090 

29971 
30426 
30413 
30375 

N 4 4 4 6 5 4 

Mean 14853 13257 9905 55863 58386 30296 

SD 1098 972 675 2618 5456 188 

CV* 7.4 7.4 6.8 4.7 9.4 0.6 

* Coefficient of variation. 
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TABLE IV 

IRON ABSORPTION FROM FORTIFIED VERMICELLI. 
(% of Dose) 

Subject Vermicelli Vermicelli Vermicelli Ferrous 
soup soup + 

lemonade 
Ascorbate 

U 1.8 1.3 2.3 5.0 
LG 0.9 1.1 3.5 7.1 
IF 12.0 6.6 10.0 13.1 
AT 1.0 2.9 2.7 15.0 
FA 22.8 28.3 35.6 20.2 
IZ 4.7 3.5 8.6 27.0 
PD 36.0 31.5 44.3 33.3 
MF 4.6 1.3 11.4 53.0 
JC 17.5 21.5 16.7 59.6 
GR 9.5 6.1 18.6 69.9 
LS 3.0 5.1 4.0 74.4 
RC 10.0 10.6 22.4 83.1 
EZ 15.7 17.8 35.3 85.0 

Geometric 
Mean 6.4 6.0 10.9 29.8 

Range of 2.1 - 19.7 2.0- 18.8 4.1 -29.2 11.8-75.1 
1 SD 

Geometric m ean corrected tc ) 40 % of absor ption of the ref erence dose. 

8.5 8.1 14.7 
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TABLE V. 

IRON ABSORPTION FROM BREAD. 
(% of Dose) 

Subject Bread Bread 
1 

Ferrous 
Camomile Ascorbate 

U 4.0 4.4 5.0 
U3 3.7 3.1 7.1 
IF 7.7 3.6 13.1 
AT 2.2 1.9 15.0 
FA 19.6 2.0 20.2 
XL 3.0 5.7 27.0 
PD 37.3 12.6 33.3 
MF 11.8 12.2 53.0 
JC 13.5 25.5 59.6 
GR 8.9 7.1 69.9 
LS 2.2 6.5 74.4 
RC 8.6 20.2 83.1 
EZ 12.6 22.2 85.0 

Geometric 
Mean 7.4 6.9 29.8 

Range of 2.0- 17.0 3.0 - 16.2 11.8-75.1 
1 SD 

Geometric mean corrected to 40 % c f absorption of the reference dose. 

9.9 9.3 
= = = = ^ = 
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TABLE VI 

IRON AVAILABILITY FROM ECUATORIAN FOODS. 
IN VITRO VERSUS IN VIVO (HUMANS) TECHNIQUES. 

(Preliminary results). 

Food 
Dialysable 

iron 
% 

Absorption of 
iron 

Vermicelli 2.0 8.5 

Vermicelli soup 4.5 8.1 

Vermicelli soup + lemonade + panela 10.0 14.7 

Bread 3.5 9.9 

Bread + Camomile infusion + panela 3.2 9.3 

TABLE VII 

IRON SUPPLY FROM ECUATORIAN FOODS. 

Food Iron content Iron Absorbed | 
mg/lOOg m 8 

Vermicelli (lOOg) 4.8 0.4 

Vermicelli soup (lOOg) 5.3 C 4 

Vermicelli soup and lemonade 5.3 0.8 

Bread (lOOg) 3.1 0.3 
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Figure 1 

Iron bioavailability from Ecuatorian 
foods. In vivo technique 18 
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Figure 2 
Iron availability from Ecuatorian 

foods. In vitro technique 
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ISOTOPE AIDED STUDIES ON THE BIOAVAILABILITY 
OF IRON AND ZINC FROM HUMAN DIETS 

N. Raghuramulu 

National Institute of Nutrition 
Indian Council of Medical Research 

Hyderabad 500 007 (AP) INDIA 

1. INTRODUCTION 

Iron deficiency anaemia is a major public health problem in many developing countries 
including India. Recent multicentric studies indicated that in rural population of India, 60% of 
preschool children and 40-60% of women of child bearing age may suffer from anaemia [I]. Studies 
by Sood et al [2] indicated that iron stores are generally lower in our population as compared to 
populations in other countries. It is therefore possible that prelatent iron deficiency may be even 
higher who look otherwise healthy and adequately nourished. Dietary factors seem to play important 
role in the development of iron deficiency anaemia (IDA) in spite of seemingly adequate intake of iron 
of 20-30 mg [3]. In the etiology of IDA, poor absorption of dietary iron appears to play an important 
role. Factors regulating food iron absorption are primarily those derived from food stuffs. Both 
inhibitors and promoters of iron absorption are present in foods, the former predominating in most 
vegetable foods. Among the factors that inhibit iron absorption phytates and tannins play important 
role. Among the agents in foods which enhance iron absorption are ascorbic acid, some amino acids, 
reducing agents like cysteine, fructose and glutathione [4]. 

Iron absorption from habitual diets of Indians has been determined in the past by the chemical 
balance methods. Iron absorption determined by this method may be a gross over estimate. A more 
reliable estimate of iron absorption from composite meals can be obtained by the radio isotopic 
methods in which foods are extrinsically or intrinsically tagged with radio iron (55Fe or ''Fe). Using 
these methods iron absorption from a few habitual diets was studied [3]. The iron absorption was 
four.;] .o be around 3 percent. Even at this level of absorption, increasing the dietary iron intake by 
10 to IS mg would ensure the iron balance. One such measure is the fortification of common salt. 
A formula for fortification of salt with iron has been successfully developed at our Institute (5,6]. 
The fortification was at the level of 1 mg elemental iron per gram of common salt, and with an 
average intake of salt being IS g/day/person would ensure an additional intake of IS mg elemental 
iron per day. This additional iron along with food iron would ensure an intake of > 1 mg of iron 
which is close to RDA for iron. However, the effective implementation of this programme is still 
not ensured, some alternate strategies are to be worked out. 

Iron and zinc tend to move together through the food chain, therefore if one is deficient it is 
quiet possible that the other will also be deficient. However, there is no description of any specific 
clinical symptom in Zn deficiency. The known effects of Zn deficiency though not very specific to 
Zn deficiency include, stunting (short stature with normal Wt/Ht), reduced cognitive performance, 
reduced immune function, increased probability of poor out-come of pregnancy, hypogonadism in 
male and poor reproductive performance in female. 

Over 80 Zn metallo enzymes have been identified so far [7], All key metabolic pathways have 
Zn metallo enzymes. One would thus Axpect the signs of Zn deficiency to be extremely extensive, 
yet there is no single reliable and specific clinical or biochemical criterion for diagnosis of Zn 
deficiency. 
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The release of zinc from food and its absorption and metabolism follow a pattern similar to that 
of essential cationic elements. 

One or more factors in food limit the amount of Zn available for intestinal absorption. Hence 
chemical determination of the total content of Zn in a food does not always indicate the amount of 
Zn that is available to meet physiological requirements. The expert committee of WHO [8] on trace 
elements, found it necessary to recommend varying intakes of Zn depending on its bioavailability in 
different diets. Some reports on bioavailability of Zn in man from both single foods 19,10] and a few 
from composite meals (11,12] are available. 

A number of methods both in vivo and in vitro have been used to determine Zn bioavailability. 
Biological availability of Zn is estimated by serial determination of changes in circulating Zn 
concentration, following the ingestion of a standard dose with or without the test food [9]. However, 
this method was not found to be satisfactory, since the amount of Zn absorbed was found not to 
correlate well with change in circulating Zn. 

Direct measurement of the absorption of food Zn in animals and humans generally involve 
ingestion of test food along with labelled intrinsically or extrinsically with either radio active MZn or 
a stable isotope of Zn, followed by the measurement of the unabsorbed label in the faeces or its 
appearance in body tissues [12-14]. 

In vitro methods offer an appealing alternative to human and animal studies. They can be 
simple, rapid and inexpensive. However, in vitro measurement of Zn availability may be relative 
rather than an absolute indication of availability. An in vitro method for estimating Zn availability 
from simple or complex foods and meals is now well established in our Institute [14]. The results 
of in vitro bioavailability was compared with the in vivo methods and a fair amount of agreement was 
found between the two methods. There is a large potential for using isotopes to study Zn absorption 
and availability from food in a similar way to what has already been done with Fe. 

SUMMARY OF THE PROPOSED RESEARCH: 

The present knowledge with regard to dietary availability of zinc and iron from various foods 
and meals is not adequate. With the aid of radioactive elements and using an efficient whole body 
counter and other counters one can get better information on the bioavailability. Information on Fe 
and Zn bioavailability can be obtained in meals of various regions and in foods made with various 
processing and also in various commercial infant foods. The climatic and soil conditions on Fe, Zn, 
phytate and tannin content in foods will also be studied. 

2. PRELIMINARY WORK ALREADY DONE: 
Our Institute is actively engaged in the programme of eradicating nutrition deficiency disorders. 

Number of programmes are in operation at the community level to alleviate the iron deficiency 
anaemia. Food iron absorption in humans were carried using 5 9Fe and 55Fe using whole body counter 
and liquid scintillation counter [3,5]. We have successfully contributed in developing a formula for 
the fortification of salt with iron. Bioavailability of iron from this formula was tested using ^Fe and 
"Fe [6,1]. Furthermore, we have developed successfully a formula for the simultaneous fortification 
of common salt with iron and iodine, and the bioavailability of iron and iodine from this double 
fortified salt was found to be satisfactory. The impact of the double fortified salt in population is 
being tested in community trials. We have developed monkey as an animal model to test the 
bioavailability of iron and zinc. 
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Techniques for the testing of bioavailability of iron and zinc by in vitro procedure and its 
validation to in vivo procedure has been standardised [14,15]. ELISA techniques for ferritin 
estimation is also standardised. 

3. LIST OF IMPORTANT PUBLICATIONS: 

List of publications attached. 

4. DETAILED RESEARCH PLAN: 

Iron and Zinc bioavailability will be investigated using intrinsic and extrinsic tag method. The 
radioactive isotope of iron ("Fe and "Fe) and radioactive isotope of zinc ("Zn) will be used in the 
investigations. 

The bioavailability of Fe and Zn will be studied by in vitro as well as in vivo methods. Iron, 
zinc, phytate and tannin content will be estimated in food stuffs. 

4.1. Fe and Zn availability in regional diets: 

Actual ready to eat cooked diet samples, beverages and water will be collected from five 
different centres in the country. The five centres will be: 

1. Hyderabad 
2. Chandigarh 
3. Calcutta 
4. Bombay 
5. Lucknow 

Ten samples each from the rural areas of the above centres in the form of breakfast, lunch and 
dinner will be collected. The uncooked food items in the proportions used for cooking will also be 
collected for each cooked diet sample. 

Total iron, Zn, phytate and tannin contents will be analyzed. Bioavailability of Fe and Zn will 
be assessed using in vitro method. 

4.2. Zn and Fe availability in food stuffs: 

Food items collected from the above centres will be used to prepare the cooked meal. By 
extrinsic labelling the bioavailability of Fe and Zn will be tested in normal adult volunteers using 
these diets. 

4.3. Relationship of soil Zn and Fe on food crops: 

Some samples from the above centres will also be collected for the estimation of Zn and Fe. 
The soil content of these nutrients will be correlated with the food stuffs grown on those soils. 

4.4. Fe and Zn absorption in infants and young children: 

Iron and Zn absorption in infants and young children will be studied using stable isotopes of 
iron (*Fe) and Zn (wZn). A Mass spectrometer available at St. Johns Hospital, Bangalore will be 
used for this study. Use of stable isotopes in infants and children is safe. Stable isotopes will be 
administered as salts for availability studies and compare the same salts when given along with the 
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feed (Dr. Shetty's help will be taken for these studies). These studies, though difficult to carry out, 
yields very useful information which is not available in the literature so far. 

4.5. Zn and Fe availability in infant milk formulae and in weaning foods: 

Some of the commercial milk formulae and weaning foods available in the market will be 
studied for Fe and Zn bioavailability using in vitro methods. 

4.6. Nutrient interactions on their bioavailability: 

The interactions of nutrients on the absorption of one another will be studied, using in vitro and 
in vivo methods. The interactions of one another on the absorption will be studied for Fe, Zn, I and 
Ca. In vivo studies will be carried out in animal experiments using monkey as the model. 

4.7. Effect of spices and condiments on Fe and Zn absorption: 

Specific condiments and spices will be studied for their role in Fe and Zn bioavailability. This 
will be carried out using in vitro methods. 

4.8. Food processing on Fe and Zn bioavailability: 

Effect of various processes like sp...ting, baking, fermentation, pressure cooking etc. of various 
food stuffs on Fe and Zn bioavailability will be studied. 

4.9. Intrinsic labelling of food stuffs: 

Intrinsic labelling of some food stuffs like wheat, rice and vegetables will be carried out using 
radioactive iron and zinc. Bioavailability studies will be carried out using in vivo and in vitro 
methods (Standard methods are available in the literature for intrinsic labelling). This method of 
study would be more realistic and yields very useful information. 

5. FACILITIES IN EQUIPMENT ETC: 

We have very well equipped isotope laboratory. We are also conducting training courses for 
the safe handling of radioactive isotopes. We have excellent biochemical and clinical laboratories 
with sophisticated equipments. We have a beta counter (LKB-Rack beta-1219) and a gamma-counter 
(ECIL, Packard Auto gamma-500) and also steel room whole body monitor facility (Nuclear 
Enterprises, U.K.). 

BUDGET REQUIREMENTS: 

Personnel: Research Assistant $ 1500 p.a. 
Laboratory Assistant $ 1300 p.a. 

Total $ 2800 p.a. 

Contingencies: Recurring: 

1st Year 2nd year 3rd year 4th year Total 
$6,200 $1,200 $1,200 $200 $8,800 

Non-recurring: NIL 
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1. INTRODUCTION 

Iodine deficiency disorders (IDD) and iodine deficiency anaemia (IDA) are the two nutrient 
deficiency disorders which are widespread in India, affecting large segments of the population in 
almost all the states in the country. The consequences of these deficiency disorders are many and can 
be prevented easily through appropriate technologies, One such technology is the fortification of 
common salt with these nutrients i.e. iodine and iron. 

2. VEHICLE FOR NUTRIENT DELIVERY 

Several vehicles like cereals, sugar, skim milk and fish sauce were used for fortification of 
nutrients in industrialised and other countries. In our country none of these food items are universally 
consumed by all the sections of populations throughout the country. Therefore, identifying a suitable 
vehicle for fortification of nutrients becomes an important aspect of this technology Next to water, 
salt is the only item which is consumed universally in our country, Salt can be considered as the most 
suitable vehicle, since salt is consumed by all the sections of the population throughout the country, 
more or less in constant amounts. The consumption of salt in our population ranges from 10-20 g 
per day per person with an average intake of 15 g. 

3. PRODUCTION OF COMMON SALT IN THE COUNTRY 

Salt is produced in limited centres and the conditions of storage, distribution and transportation 
do not alter its integrity. Solar evaporation of sea water is the most commonly adopted technique. 

There are about 10,000 salt producers spread all over the country, producing 12.4 million 
metric tonnes of salt. Out of this 5 million metric tonnes are consumed for edible purpose and 5 
million metric tonnes are used by the industry and about 2.4 million metric tonnes are exported. 

There are about seven main varieties of solar salt which vary in chemical composition and 
crystal size. They are Kyar salt (big crystals with pinkish tinge), Reshta salt (powders), pan salt, 
baragara salt, kuppa salt, kurkutch salt and tuticorin salt [1]. 

4. IRON DEFICIENCY ANAEMIA 

Iron deficiency anaemia (IDA) is a major public health problem in many developing countries 
including India. Recent multicentric studies indicated that in the rural population of India, 60 % of 
pre-school children and 40-60% of women of child bearing age may suffer from anaemia 
(Table I) [2]. 
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5. AVAILABILITY OF DIETARY IRON 

Dietary factors seem to play an important role in the development of IDA in spite of a 
seemingly adequate intake of iron (20-30 mg) [3]. In the otology of IDA, poor absorption of dietary 
iron appears to play an important role. Factors regulating food iron absorption are primarily those 
derived from food stuff. Both inhibitors and promoters of iron absorption are present in foods, the 
former predominating in most vegetable foods. Among the factors that inhibit iron absorption are 
phytate, tannin and some phosphorous compounds. Among the agents in the foods which enhance 
iron absorption are ascorbic acid, some amino acids and reducing agents such as cysteine, fructose 
and glutathione [4]. 

Iron absorption from habitual diets of Indians has been determined in the past by the chemical 
balance methods. Iron absorption determined by this method may be a gross over estimate. A more 
reliable estimate of iron absorption from composite meals can be obtained by the radio isotopic 
methods in which foods are extrinsically or intrinsically tagged widi radio iron. Using these methods 
iron absorption from habitual diets was studied (Table II [3]. The iron absorption was found to range 
from 1.7 to 3.6 %. The mean iron absorption from Indian diets may be taken to be around 3 %. 

6. CONSEQUENCES OF IDA AND ITS PREVENTION 

Among the functions that are impaired in anaemia are work capacity, immune functions and 
learning ability. Severe anaemia during pregnancy increases maternal morbidity and mortality. 

Administration of therapeutic doses of iron is recommended as a short term measure to correct 
anaemia in a condition where it is necessary to raise Hb levels quickly. However, to prevent the 
development of anaemia in the population as a whole, fortification of food with iron has been 
suggested as a practical measure. This is a long term, low cost approach intended to improve iron 
balance and prevent iron deficiency in large population groups. Since the usual channels of food 
distributions are used for this purpose, it does not require any special delivery system. In many 
developing countries such as India, where iron supplementation through tablets to target groups is 
difficult because of a poorly organized health delivery system, fortification of foods may be a more 
acceptable programme to improve iron intake by the population. 

7. FORTIFICATION OF COMMON SALT WITH IRON 

Fortification of common salt with iron has been suggested as a practical and an effective method 
for preventing IDA. An important consideration in the fortification of salt with iron is me selection 
of a suitable iron compound. Iron salt selected for this purpose should satisfy the following criteria: 
a) it should be stable; b) it should not impart colour to the salt; c) bioavailability should be 
satisfactory when ingested with food. The suitability of several iron sources along with various 
absorption promoters and stabilisers were investigated (Table III) [2,5,6]. The formula 4 which was 
recently developed was found to be very satisfactory with regards to its keep-up quality, 
bioavailability, acceptability, stability and cost. (28) 

The efficacy of iron fortified salt was studied in residential schools [7] as well as in the field 
areas located in different parts of the country [2]. Hb levels and prevalence of anaemia was assessed 
before and 6 months, 1 year and 1 '/i years after introduction of iron fortified salt (Tables IV & V). 
A significant improvement in the Hb levels and a significant reduction in the incidence of anaemia 
in all the tested areas and in all age groups was observed with the introduction of iron fortified salt. 
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8. FIELD KIT FOR IRON TESTING 

Effective implementation of a programme for production and distribution of iron fortified salt 
requires regular monitoring of edible malt for iron, particularly at the retail and household level. A 
simple field kit has been developed by our institute for this purpose. It is possible to detect iron 
levels as low as SO ppm using this kit. 

9. IODINE DEFICIENCY DISORDERS 

Iodine deficiency is a major nutritional problem in our country. While its most common and 
visible manifestation is the enlargement of thyroid gland leading to goitre. Iodine deficiency also 
causes stunting of growth in children and renders them deaf and dumb. Lack of adequate iodine 
intake during pregnancy is known to result in physically crippled and mentally retarded babies. 
Approximately 800 million people in developing countries live in an iodine deficient environment. 
Over 190 million suffer from goitre, more than 3 million are overt cretins and many more suffer from 
intellectual deficit secondary to iodine deficiency. Endemic goitre and cretinism are widely prevalent 
in India [8-11]. The Indian goitre belt covers the entire sub-Himalayan region and includes Jammu 
and Kashmir, Himachal Pradesh,, Punjab, Haryana, Delhi, Uttar Pradesh, Bihar, West Bengal, 
Sikkim, Assam, Arunachal Pradesh, Nagaland, Mizoram, Manipur, Meghalay, Tripura, parts of 
Madhya Pradesh, Gujarat, Maharashtra, Andhra Pradesh, Kerala and Tamil Nadu (Map 1), it is 
estimated that ISO million people in India are at risk from iodine deficiency disorders of which 54 
million have goitre, 2.2. million are cretins and 6.6 million have milder neurological deficiencies. 
The total number of still-births and neonatal deaths attributable to iodine deficiency is over 
90,000(12]. 

10. ROLE OF IODINE 

Iodine which belongs to the halogen family is an essential trace element and micronutrient. The 
average daily requirement for adult is around 150 micrograms. This minute quantity of iodine is 
required by the thyroid gland for the synthesis of the hormone thyroxine. This hormone plays a 
critical role in the development of human brain from the early embryonic to the adult stage. 
Thyroxine deficiency during early life leads to permanent and irreversible damage as 90 % of the 
growth and development of the human brain in completed by the second year of life [13]. Hence, 
mere arises the urgent need to avoid iodine deficiency. 

11. FOOD AND IODINE 

The daily requirement of iodine is met mainly from food and water. The richest sources of 
iodine are seaweed and the marine-fish that feed on it. Vegetables, fruits, milk, cereals and legumes 
also supply iodine [14]. Cereals, pulses, vegetables and fruits grown in iodine depleted soil are 
deficient in iodine [15]. Frequent floods and rivers changing their course due to deforestation are the 
major causes of iodine depletion of the soil. As the environment is continuously degraded of iodine, 
it is absolutely necessary to supplement dietary iodine. The iodine content in water and food in 
endemic and non endemic areas in shown in Table VI. 

12. PUBLIC HEALTH PROBLEM 

In a recent study, of 208 districts from 25 states surveyed showed endemic goitre and iodine 
deficiency disorders in 182 districts (Table VII). In the remaining unsurveyed districts, iodine 
deficiency has been reported by local medical colleges. Amongst the seven Union Territories, iodine 
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deficiency is prevalent in high proportions in Delhi and Chandigarl; [16,17]. Therefore, iodine 
deficiency is a major public health problem all over India. 

13. VEHICLE FOR IODINE SUPPLEMENTATION 

Common salt in the most suitable vehicle for providing physiological amounts of iodine. 
Therefore, the simplest and cheapest approach to overcome iodine deficiency in the population is 
through the distribution of iodinated salt. 

14. IODINATION OF SALT 

The technology involves addition of potassium iodide or potassium iodate to common salt by 
dry-mixing or spray-mixing or by submersion technique. The level of iodine as described under the 
Prevention of Food Adulteration (PFA) Act is not less than 30 parts per million (ppm) at the 
production point and not less than 15 ppm at the consumer level [18]. A new technology developed 
at our Institute is now available to improve the stability of iodine in iodinated salt [19,20]. The 
iodinated salt thus prepared looks, smells and tastes exactly like the ordinary common salt. 

15. FIELD KIT FOR TESTING IODISED SALT 

An easy to handle kit has been developed by our Institute to monitor iodised salt. Iodine levels 
from 0 to 40 ppm can be easily detected by this kit. 

16. NATIONAL GOITRE CONTROL PROGRAMME 

The National Goitre Control Programme (NGCP) of India was initiated in 1953. After a 
promising start, the programme encountered several logistic problems which impeded its effective 
implementation. The Nutrition Foundation of India (NFI) carried out an independent assessment of 
the NGCP and identified its several short-comings which prompted an immediate review of the NGCP 
[21,22]. Consequently, a Working Group under the Chairmanship of the Salt Commissioner was 
appointed in 1984. The working Group recommended inter alia universal iodisation of common salt. 
The main reasons for the recommendation are (1) the administrative difficulty of keeping the 
non-iodised salt away from the endemic areas; (2) the prevalence of goitre and iodine deficiency dis
orders throughout the country and its recognition as a national health problem; and (3) the lack of 
ill-effects when iodised salt is used by normal healthy individuals. 

The Government of India accepted the recommendations and made the historic decision to 
iodinate all edible salt in the country in a phased manner by 1992 [23]. The programme has been 
included in the 7th Five year Plan with an outlay of Rs. 210 million. Tne plan involves the iodisation 
of 5.2 million tonnes of salt by 1992, one of the biggest health care programmes ever undertaken in 
the world. 

17. EFFICACY OF IODINE PROPHYLAXIS 

The efficacy of iodinated common salt as a prophylactic measure was established during the 
1920s in USA and Switzerland. In India, a prospective study was organised in 1954 in the Kangra 
Valley of Himachal Pradesh which confirmed the efficacy of iodinated salt in controlling iodine 
deficiency disorders [24,25]. During the last 30 years of the study, no side effects or adverse 
reactions of iodine prophylaxis have been observed in this population. 
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18. IODIDIZED SALT AND SKIN ALLERGY 

Iodised salt in the past, was often blamed for skin rashes and the problem of acne but now such 
reports are extremely rare. From 1935 to 1974, among 20,000 children in the United States of 
America suffering from aitergy, not a single case of hypersensitivity to iodine in food was reported. 
A request for notification of allergy to iodine was published in the Annals of Allergy in 1974, but did 
not elicit even a single report [26]. 

19. NORMAL SUBJECTS AND EXCESS IODINE 

The minimum recommended daily level of iodine supplementation is 150 micrograms per person 
to prevent the onset of iodine deficiency disorders. The average daily intake of iodine in Japan has 
been reported to be 3000 micrograms which is 20 times more than the recommended intake of iodine 
in India. Studies on normal Japanese subjects have not shown any changes either clinically or 
biochemically in spite of the ingestion of large amounts of iodine. Their thyroid hormone values are 
not different from those elsewhere, thereby indicating that normal subjects can adapt to excess iodine 
intake. There is no evidence to prove that the incidence of thyroid disease in Japan is higher than 
the incidence in other countries [27]. The existence of such adaptation has also been confirmed by 
animal experiments. Thus, consumption of iodised salt is totally safe even for people who do not live 
in iodine deficient areas. 

20. ALTERNATE STRATEGIES 

20.1. Iodized oil * an interim measure 

The use of iodised oil has been recommended for the control of iodine deficiency disorders in 
hyperendemic areas [27]. The administration can be either through injections or through oral 
dose. Administration of iodised oil as a public health measure offers a satisfactory interim 
method for prophylaxis until an iodised salt programme can be effectively implemented. 

20.2. Iron fortified iodized salt (DFS) 

Fortification of salt with iron has been proved to be an effective method to combat iron 
deficiency anaemia. As the Government of India has decided to go in for universal iodisation 
of salt in the country by 1992, it is desirable to fortify iodised salt with iron since iron 
deficiency anaemia is common in our population. Recently, a technology has been developed 
at our Institute for the fortification of iodised salt with iron (Table VIII). Laboratory and 
clinical studies have demonstrated to be satisfactory with regard to the stability, bioavailability 
and consumer acceptability of the double fortified salt. Presently large scale community trials 
are going on. This salt would be useful to combat the twin disorders of iodine deficiency and 
iron deficiency in the population. 

As in the case of iron fortified salt and iodinated salt, the two field kits developed by our 
Institute can be used to check the iron and iodine in the DFS. 

It is well known that salt played a significant role in the freedom movement of our country. 
Its potential in delivering the needed nutrients to the population to overcome nutrient deficiencies has 
been shown by the research studies in the country. A spoonful of fortified salt per day will drive 
away the iron and iodine deficiency problems in the country. 
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21. ZINC, MAGNESIUM, COPPER AND CHROMIUM IN HUMAN NUTRITION 

The trace metal nutriture in population particularly the vegetarian population is of concern to 
dieticians, nutritionist and health professionals because in addition to the marginal intake of some 
essential elements, mineral availability may be substantially reduced because of high phytate and fibre 
characteristics of the vegetarian diets. Cultural values and cooking practices are the key components 
in determining the daily intake of trace elements. 

Therefore a systematic investigation was carried out at our Institute to obtain information on 
the intake of some essential trace elements. Some selected trace element content of self selected 
habitual Indian diets as consumed by adult males belonging to an upper (U) and lower (L) income 
groups of ten each were estimated by the duplicate portion technique. Comparison of these diets with 
a balanced diet for an adult male formulated on the basis of the recommendations of the expert group 
of the Indian Council of Medical Research (ICMR) were also made. 

The trace elements were estimated in the wet ashed meal were determined by Atomic 
Absorption Spectroscopy (AAS, Varian Techtron, Model 1000). The intakes of the trace elements 
are given in Table IX. 

All the trace mineral intakes were grossly inadequate in both upper and lower income groups 
as compared to ICMR balanced diet. The intakes of lower income groups were also lower than that 
of the higher income group. 

22. IN VITRO BIOAVAILABILITY OF FOOD ZINC 

An in vitro bioavailability test has been developed for predicting the relative biological availability 
of dietary zinc. In vitro methods offer an appealing alternative to human and animal studies. This 
method is simple, rapid and inexpensive. However, in vivo studies are always more meaningful than 
in vitro studies. In the in vivo situation, the digestion, absorption and utilization processes are 
controlled by many highly complex factors. Hence, in vitro measurement of nutrient availability must 
be relative rather than an absolute indication of availability. 

An in vitro method for estimating zinc availability from simple or complex foods and meals was 
attempted and one method has some features similar to those of several previously published in vitro 
methods [29-32J. The results of in vitro bioavailability was compared with the in vivo methods. The 
results are given in Table X. Fair amount of agreement was found between the two methods. 

23. FOOD PROCESSING ON ZINC BIOAVAILABILITY 

Restricted bioavailability of zinc from plant foods was first reported by Tucker and Salmon 
[33]. O'Dell et al. reported that phytate (inositol hexaphosphate) which is associated with protein in 
plants but not animals was responsible for the decreased zinc availability. Phytate, the major 
phosphorous compound in grains and legumes, chelated essential divalent cations such as Cu, Zn, Co, 
Mn, Fe and Ca forming insoluble complexes [35J. This effect of phytate on zinc was accentuated by 
the addition of dietary calcium to the diets of chicks and rats [36,37). 

Rats fed zinc or phytate supplemented soya product and wheat bran diets, have shown that 
phytate/zinc molar ratios can be established for various levels of Ca as indicators of Zn availability. 
Studies with soy products [38], corn, rice, sesame [34], peas [39J, legumes and whole wheat and 
white bread flours [40] led to wide acceptance that phytate, when present in diets at critical 
phytate/zinc ratios, can account for the reduced availability of zinc although fibre, protein and 
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processing may alter this to some extent. Removal of phytate from seed foods promotes the digestion 
of protein and increases the availability of minerals (Table XI) [39]. 
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TABLE I 

PERCENTAGE PREVALENCE OF ANAEMIA 

Centres/Age 1-5 years 6-14 years 15-24 years 25-44 years >45 
years 

Centres/Age 1-5 years 

Boys Girls Boys Girls Boys Girls 

>45 
years 

Hyderabad 

Calcutta 

Madras (city) 

New Delhi 

66 

95 

21 

59 

55 

96 

12 

72 

65 

98 

15 

69 

40 

90 

10 

65 

69 

97 

21 

63 

30 

90 

6 

57 

71 

97 

29 

71 

48 

93 

18 

55 

TABLE II 

IRON ABSORPTION FROM INDIAN DIETS 

Diet Iron Uptake 
(mg) 

% Fe absorption 

Diet Iron Uptake 
(mg) Extrinsic 

tag method 
Clinical 

balance method 

Rice based diet 

Wheat based diet 

Mixed cereal based diet 

Mixed cereal and meat 

Mixed cereal and fish 

30.0 

20.0 

42.0 

33.5 

28.8 

3.6 ± 0.14 

1.7 ± 0.03 

3.5 ± 0.27 

2.6 ± 0.39 

2.7 ± 0.13 

9.2 ± 1.94 

8.7 ± 2.82 

6.0 ± 0.12 

5.8 ± 0.88 

Elemental iron absorption 

Ferrous ascorbate 29.8 ± 0.09 
(3 mg Fe, 30 mg ascorbic acid) 
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TABLE III 

PREPARATION OF IRON FORTIFIED SALT 

Formula 1 : Common salt 1kg 
(1975) Ferric orthophosphate 3.5 g* 

Sodium acid sulphate 5.0 g 

Formula 2 : Common salt 1kg 
(1978) Ferrous sulphate 5.96 g* 

Sodium acid sulphate 4.94 g 

Formula 3 : Common salt 1kg 
(1978) Fergus sulphate 4.96 g* 

Monosodium orthophoshate 2.78 g 
Sodium acid sulphate 4.94 g 

Formula 4 : Common salt 1kg 
Ferrous sulphate 5g* 
SHMP 

* Equivalent to 1000 ppm of iron 

5 g 

TABLE IV 

MEAN CHANGES IN Hb WITH Fe 
FORTinED SALT INTAKE FOR ONE YEAR 

Age years Sex Experimental 
mg/dl 

Control 
mg/dl 

1 - 5 - 1.3-3.8 (-0.4) - (0.7) 

6 - 14 M 
F 

0.5 - 3.2 
0.5-3.2 

(-0.7)-(0.1) 
(-0.7)-(-0.1) 

15-24 M 
F 

0.4-2.9 
0.5-3.0 

(-0.3) - (-0.7) 
(-0.4)-(-1.0) 

25 -44 M 
F 

0.0 - 3.0 
0.3-3.0 

(-0.6)-(-1.0) 
(0.0)-(-1.0) 

45 0.01 -3.0 (-0.3) - (-0.4) 
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TABLE V 

PERCENTAGE PREVALENCE OF ANAEMIA AFTER 
Fe FORTIFIED SALT INTAKE FOR ONE YEAR 

Age years Sex Calcutta Hyderabad Madras Age years Sex 

Before After Before After Befor 
e 

After 

1 - 5 

6 - 14 

15-24 

25-44 

45 

M 
F 

M 
F 

M 
F 

96 

98 
99 

93 
98 

93 
99 

96 

40 

48 
58 

51 
58 

49 
61 

61 

66 

53 
64 

42 
74 

29 
67 

48 

28 

27 
33 

20 
51 

22 
49 

29 

19 

16 
12 

6 
22 

7 
34 

16 

9 

10 
7 

5 
9 

7 
16 

10 

TABLE VI 

IODINE IN WATER AND FOOD 

Water 
(W!/litre) 

Food 
t>g/ioog) 

Goitrous area 

Non-goitrous area 

0.1 - 15.7 

5.0-63.7 

2 - 3 6 

30- 170 



6 - 13 

TABLE VII 

MAGNITUDE OF IDD 

DGHS 

- 25 States and 4 UTs 
Out of 208 districts - IDD is a major public 
health problem in 182 districts 

WHO 

54.3 
8.8 

million are suffering from endemic goitre 
million mental/motor handicap 

ICMR 

9 states (14 districts) 
indicated not only sub-himalayan region 
IDD was widely prevalent in the plain, 
plateau reverines and coastal areas 

TABLE VIII 

COMPOSITION OF DOUBLE FORTinED SALT (DFS) 

Common salt 1000 g 

SHMP 10 g 

Ferrous sulphate 5g 

KIO, 67 mg 
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TABLE IX 

INTAKE OF TRACE ELEMENTS (n=30) mg/day 

Element Economic 
Status 

Mean ± SE 

Fe U 
L 

ICMR 

18.2 ± 0.77 
14 4 + 0.91 

35.8 

Zn U 
L 

ICMR 

7.4 + 0.33 
5.4 ± 0.23 
12.2 

Mn U 
L 

ICMR 

4.9 ± 0.31 
5.4 ± 0.11 
9.8 

Cu U 
L 

ICMR 

1.9 ± 0.11 
1.4 ± 0.11 
2.4 

Cr U 
L 

ICMR 

0.08 + 0.006 
0.15 + 0.020 

0.18 

From the Ph.D. thesis of Dr. Mrunalini Devi Puar 
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TABLE X 

COMPARISON IF IN VITRO AND IN VIVO 
BIOAVAILABITY OF FOOD Zn 

Meal Total Zn 
/tg/g dry meal 

In vitro 
"Zn 

In vivo 
«Zn 

% absorption 

AP 16.9 22.0 18.1 

BB 16.7 32.8 26.9 

JC 17.2 13.5 11.0 

ID 16.5 24.6 20.5 

From the Ph.D. thesis of Dr. Mrunalini Devi Puar 

TABLE XI 

BIOAVAILABITY OF Zn ON FOOD PROCESSING 

Food item Processing Result Phytate Phytase Year 

Soy beans Fermentation - - 198P 

Peas Germination 1985 

Peas Germination 1984 

Wheat Leaving - - 1973 
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ISOTOPE-AIDED STUDIES OF THE BIOAVAILABILITY OF IRON 
FROM MYANMAR DIETS 

Khin-Maung-Naing1*, Myo-Khin2 

1 Nutrition Research Division, 
1 Nuclear Medicine Research Division, 

Department of Medical Research, 
5, Ziwaka Road, Yangon, Myanmar. 

* Chief Scientific Investigator 

I. IRON DEFICIENCY IN MYANMAR 

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

During 1965-71, the iron nutritional status of Myanmar was assessed by determining the 
incidence of iron-deficiency anaemia in several population groups in Myanmar totalling 4,838 subjects 
and also by measurement of non-haemoglobin iron concentration in 108 liver specimens obtained from 
sudden deaths in Yangon (Aung-Than-Batu et al 1972). 

Taking Hb concentration of 11 g/100ml arbitrarily as the cut-off point for anaemia and a serum 
iron value less than 50 /ig/100ml as deficient, the prevalence of iron-deficiency anaemia was observed 
to be 13 to 24% among pregnant women, 5-to 15% among women generally, 3 to 27% in children 
and 1 to 5% among men. There was a good positive correlation between Hb concentration and serum 
iron values. A controlled therapeutic trial showed a significant response to orally administered iron 
in anaemic individuals with deficient serum iron levels. (Aung-Than-Batu et al. 1972). 

From the autopsy material it was found that the non-haemoglobin iron concentration in the liver 
was 173 uglg wet wt in 40 adult males and 59 /tg/g wet wt in 17 adult females. Liver iron stores 
were low at birth and rose to a low plateau in adults when compared with other countries except 
Indians (Aung-Than- Batu, et al, 1972). 

Thane-Toe et al, (1982) reported that among 135 pregnant women between 22 to 28 weeks of 
pregnancy iron deficiency (ferritin level less than 10 /xg/1) was observed in 58.4 % of the pregnant 
women, compared to an incidence of 17.8% when assessed by serum iron concentration of less than 
50 ^g/dl. 

The iron nutritional status survey recently conducted among 183 children of 6-16 years age 
group in a rural area indicated that 15.1 % of children were iron deficient (serum ferritin < 10 >ig/l), 
compared to an incidence of 15.3% when assessed by serum iron concentration of less than 50 pg/dl 
(Myo-Khin, et al, 1990). 

1.1 Dietary Survey 

Dietary iron intake by duplicate meal analysis ranged from 14.7 mg to 30 mg per capita per 
day and dietary iron intake by weighment method ranged from 9 mg to 32 mg/capita per day. 
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Dietary iron contributed by foods of animal origin ranged from 2 8 to 20% of the total dietary iron 
intake by weighment method. 

Dietary survey in Myanmar carried out by the Nutrition Research Division of the Department 
of Medical Research reported that the mean animal protein intake was 11.3 g/d which is about 20% 
of total daily protein intake. Review of the original data reveals that in an upper Myanmar village 
animal protein was eaten by 13 of 28 household during the period of 1-3 day survey. In a lower 
Myanmar village, animal protein (fish) was eaten by 19 of 20 households during the survey. 

In a population such as ours, rice and vegetables are the staples but consumption of fish and 
meat is extremely variable depending upon the season and other factors. 

2. ISOTOPE-AIDED STUDIES ON BIOAVAILABILITY OF IRON FROM MYANMAR 
RICE-BASED MEALS 

Iron content of Myanmar foods and diets and also the availability, were investigated during 
1974-80. 

Non-haem iron absorption from three Myanmar meals was measured using the method of 
adding extrinsic radio-iron tracer to label the non-haem iron in the whole meals. 31 healthy Myanmar 
subjects were divided into 3 groups, each of which were given one type of meal. Absorption of 
reference ferrous ascorbate was also measured in all subjects and used to calibrate the observed 
absorption values when comparing different groups. Non-haem iron absorption from the basal meal 
of rice, vegetables and spices containing 7.6 mg of total iron was 1.4% . Addition of 40 g of fish 
to the basal meal increased absorption to 6.4% in men and 11.9% in women. Relative absorption 
from the third type of meal, consisting of different proportions of rice and vegetable and less fish was 
also higher than from the basal meal. Non-haem iron absorption from a South-east Asian diet similar 
to the Myanmar rice and vegetable diet would be insufficient to maintain iron balance. But it is 
improbable that such diet is eaten all the time.(Aung-Than-Batu, et. al, 1976) 

It was speculated that consumption of meat and fish at various intervals will increase iron 
absorption in these occasions to a level which probably has helped to maintain a precarious iron 
balance over years in the majority (Aung-Than-Batu et al, 1976). 

Studies were also conducted on the effect of certain foods on bioavailability of iron from 
Myanmar meals. 

Four healthy Myanmar subjects were given a Myanmar meal extrinsically tagged with ^Feclj 
on two occasions first without coconut milk and the second time with added coconut milk. Iron 
absorption was determined from the increase in total blood radioactivity 14 days after the respective 
meals according to the published method. The findings suggest that the coconut milk is an important 
inhibitor of non-haem food iron absorption, the mean % decrease in absorption being 37% 
(Thein-Than et al, 1975). 

In another study, tea was given as a plain infusion, immediately after a meal which is 
customary in Myanmar. Sour dish (common side-dish) was prepared with pulps of tamarind 
(Tamarindus indica) and cooked with Impomoea Aquatica in a traditional manner. Double isotope 
labelling was used to measure iron absorption from Myanmar meals. A decrease in iron absorption 
was found with tea and an increase with sour dish in 7 out of 9 and 6 out of 8 subjects, the mean 
changes being -38% and +51% respectively (Thane-Toe et al, 1979). 

In another study it was observed that isocaloric replacement of rice with bread in the standard 
meal produced a decrease in iron absorption ranging from -25% to 75% (Thane-Toe et al 1979). 
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3. RESEARCH PROTOCOL ON "ISOTOPE-AIDED STUDIES OF THE BIOAVAILABILITY 
OF IRON FROM MYANMAR DIETS 

The overall aim of the study is to reduce iron deficiency in targeted groups in the country by 
increasing the iron intake of the population at risk through food fortification with iron and promotion 
of dietary eating habits. 

The primary research objectives are: 

(a) To establish methods of fortifying generally consumed local food (common salt) with 
iron and to test the bioavailability of fortified salt with standard meals. (1st year) 

(i) to find an iron compound having a good bioavailability that is highly compatible 
with candidate vehicle even after storage of about 6 months 

(ii) to find out the appropriate level of fortification required. 

(b) to monitor the effectiveness of salt fortification with iron in school children and women 
(2nd year) 

(c) to make a systematic study of dietary factors influencing the bioavailability of iron from 
a typical standard rice based meal (2nd year) 

4. WORK PLAN 

For establishment of methods of fortifying common salt with iron, Fe S 0 4 7H 2 0 and Sodium 
hexametaphosphate or other suitable iron compounds will be examined as potential sources for iron 
fortification. Preliminary tests will be carried out to determine the feasibility of adding supplementary 
iron to common salt. It is intended to fortify common salt at a level of 1 mg Fe/g salt (1000 ppm). 
Average salt intake in Myanmar is about 10 g per day per adult. This would provide about 10 mg 
of Fe per day from fortified salt. The fortificant will be labelled with "Fe and the native iron in food 
with extrinsic 55FeCI, tag. The doubly labelled food (1 pCi of "Fe and 3 /xCi of 5 5Fe) will be served 
to healthy adult volunteers (IS male and IS female) with standard meals to determine the 
bioavailability. The age range of the subjects will be 20 to 45 years and female subjects will be 
non-pregnant and non-lactating. After two weeks blood samples will be collected to measure 
radioactivity by liquid scintillation counting using the modification of Eakins and Brown(1966). 

As a core programme, bioavailability of iron from the same standard meal "Farina" flour and 
from six different types of main meals that are typical of target population groups will also be studied. 

To study the absorption of dietary iron from a standard meal and the effects of dietary factors 
influencing iron bioavailability, absorption will be measured on two consecutive days on adult 
volunteers. The standard test meal will be labelled on the first occasion with 1 pCi "Fe and on the 
second with 3 fid 5 5Fe (with inhibitor or enhancer). The relative absorption of 2 isotopes will then 
be calculated from blood radioactivity after 14 days. This approach will allow for comparison of iron 
absorption from the standard meal and from the standard meal plus inhibitor/enhancer component. 
A reference absorption dose of 3 mg FeSo, with 1 /xCi w F e and 30 mg ascorbic acid will be given 
at the end of food iron absorption study to allow for intersubject comparison. 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, sp. (Acacia Spp) and Sorrel 
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(Hibiscus Sabdriffa) which are usually consumed as soup together with rice-based meals in Myanmar 
will be tested for enhancing effect. Each type of food will be tested on 10 subjects. 

For monitoring the effectiveness of iron fortification of salt on iron status, children 6-12 years 
of age and women in a community will be tested before and after consumption of iron fortified salt. 
Fasting venous blood samples will be taken and measurements made on Hb/PCV, SI/TIBC and serum 
ferritin. At the end of 1 year, a new haematological evaluation will be done, and effectiveness of salt 
fortification evaluated. Control groups will also be included in the study. 200 subjects will be 
included in the study each experimental and control group will consist of SO subjects each. 

This will serve as a pilot study 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 HAEMATOLOGICAL CHARACTERISTICS OF THE SUBJECTS STUDIED 

Group Sex No. of 
Subjects 

Age 
(Yr) 

Ht 
(cm) 

Wt 
(kg) 

Hb 
(g/lOOml) 

PCV 
(%) 

SI 
Gig/100ml) 

TIBC 
Gtg/lOOml) 

1. Male 6 26" 
(25-27) 

167 
(160-173) 

51 
(41-57) 

15.0 
(13.6-16.0) 

41 
(38-43) 

84 
(63-100) 

351 
(275-426) 

Male 9 26 
(24-31) 

166 
(160-172) 

55 
(50-67) 

15.3 
(12.4-17.9) 

47 
(42-56) 

165 
(75-200) 

306 
(248-400) 

Female 11 25 
(23-27) 

158 
(155-160) 

47 
(40-54) 

12.7 
(13.5-15.6) 

40 
(35-42) 

115 
(62-162) 

347 
(300-400) 

Male 5 30 
(20-48) 

166 
(156-168) 

49 
(42-57) 

14.6 44 
(38-48) 

87 
(62-124) 

300 
(276-326) 

* Mean values: ranges are shown in parentheses 

Ref : Aung-Than-Batu et al. Am. J. Clin. Nutr. 29 (1976) 219-225 
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TABLE II 

COMPOSITION OF MEALS 

ITEM 
Amount (g) 

ITEM 
Standard 
Meal I 

Standard 
Meal 2 

Standard 
Meal 3 

Boiled polished rice 200 200 50 

Fish (Cat fish) 40 15 

Vegetable (Water spinach) 40 40 20 

Fish paste 8 8 10 

Beans (Dolichos lablab) 25 25 

Onion 2 4 2 

Garlic 0.33 0.16 

Chili 1.11 0.55 

Ginger 2.22 1.11 

Salt 0.9 1.96 0.81 

Groundnut oil 3 13.15 6 

Total 278.90 335.77 105.63 

Aung-Than-Batu et al. Iron absorption from Southeast Asian 
rice-based meals. Am. J. Clin. Nutr. 29 (1976) 219-225. 
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TABLE III 

NUTRIENT CONTENT OF MEALS 

Items Iron (nig) Protein 
(g) 

Calories 
(kcal) 

Vitamin 
C 

(me) 

Items 

Analyzed From Table 

Protein 
(g) 

Calories 
(kcal) 

Vitamin 
C 

(me) 

STANDARD MEAL 1 

Boiled polished rice 
Vegetable dish 
Fish paste 
Beans dish 

1.2 
1.08 
2.24 
0.75 

5.6 
3.0 
1.6 
3.0 

150 
28 
8 

44 

TOTAL 7.6 5.27 11.0 322 18.0 

STANDARD MEAL 2 

Boiled polished rice 
1 Vegetable dish 
| Fish paste 
| Beans dish 

1.2 
1.2 
1.08 
2.24 
0.75 

5.6 
8.0 
3.0 
1.6 
3.0 

250 
22 
28 
8 

44 

TOTAL 8.8 6.47 19.0 342 18.0" 

STANDARD MEAL 3 

1 Boiled polished rice 
Vegetable dish 
Fish paste 
Beans dish 

0.3 
0.45 
0.52 
2.80 

1.4 
2.0 
1.5 
2.0 

62 
11 
14 
10 

TOTAL 4.9 4.07 8.9 107 9.0* j 

" Actual analysis k > By calculation from analytical result of meal 2 

Ref: Aung-Than-Batu et al. Am. J. Clin. Nutr. 29 (1976) 219-225. 



TABLE IV 

IRON ABSORPTION VALUES 

Standard 
Meal 

Sex No.of 
Subject 

In intuke(mg) Non-haem iron absorption Reference 
iron 

absorption 
(%) 

Standard 
Meal 

Sex No.of 
Subject 

Total Non-haem* absolute(mg) % 

Reference 
iron 

absorption 
(%) 

1. Male 6 Mean 
Range 
SE 

7.6 7.6 O.U 1.4 
0.07 - 2.4 

0.04 

46 
25-98 

22.9 

Male 9 Mean 
Range 
SE 

8.8 7.6 0.49 6.4 
3.2- 11.3 

1.5 

36 
21 -74 

14.6 

2. Female n Mean 
Range 
SE 

8.8 7.6 0.9 11.9 
2.0 - 34.0 

23.4 

71 
32-98 

23.4 

3. Male 5 Mean 
Range 
SE 

4.9 4.55 0.36 8.0 
4.0- 10.7 

1.1 

79 
54-97 

15.6 

Ref: Aung-Than-Bafj et al. Am. J. Clin. Nutr. 29 (1976) 219-225. 
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TABLE V: 

COMPARISON OF NON-HAEM IRON ABSORPTION FROM 
THREE STANDARD BURMESE MEALS 

Standard 
Meal 

Sex % mean non-haem iron 
absorption 

Total non-haem iron 
absorption 

(nig) 

Standard 
Meal 

Sex 

Observed Calibrated* Observed Calibrated* 

1. Male 1.4 2.0 0.11 0.15 

2. Male 6.4 13.2 0.49 1.00 

Female 11.9 10.8 0.49 0.82 

3. Male 8.0 5.8 0.36 0.26 

* The calibration of iron absorption was made by 
multiplying the observed absorption data by the 
ratio A/B, where A is the composite mean 
absorption of the reference iron ascorbate dose of 
all individuals and B is the mean absorption of 
the reference iron ascorbate for the given meal. 

Ref : Aung-Than-Batu et al. Am. J. Clin. Nutr. 29 (1976) 219-225. 

TABLE VI 
INHIBITION OF IRON ABSORPTION BY COCONUT MILK 

% Iron % Iron % 
absorption absorption from decrease 

from Burmese Burmese meal in 
meal + coconut milk absorption 

6.0 2.0 63 
6.0 2.9 50 
7.1 6.0 16 
3.1 2.4 20 

Mean 5.5 3.3 37 

Ref: Thein-Than et al. Am. J. Clin. Nutr. 28 (1977) 1348. 
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IRON, ZINC AND SELENIUM STATUS OF URBAN AND RURAL 
POPULATIONS IN PAKISTAN, THEIR BIOAVAILABILITY IN THE DIET AND 

THEIR DIETARY INTERACTION 

W.W.T. Manser1*, K. Zaki Hasan', Mohammed Iliyas1, Zafar Zaidi1 

1 Baqai Medical College, Karachi, Pakistan 
2 H.E.J. Institute, Karachi, Pakistan 

* Chief Scientific Investigator 
IAEA Research Grant 6397/RB 

1. INTRODUCTION 

Studies are intended on rural and urban populations in our part of Pakistan as there is a great 
diversity in diet, living conditions, family income etc. Anaemias are known to be very common 
especially among the urban poor, in rural areas and especially among women. In pregnancy, it is 
probably true to say that almost all of the lower income groups are anaemic. Many people from the 
northern areas, who are apparently in good health, become anaemic on settling in the Karachi area. 
Previous studies I have carried out have shown that blood lead levels [1] among the population of 
Karachi are alarmingly high and are presently due to the highly leaded petrol used in the motor 
vehicles here, Lead inhibits the activity of 7-aminolaevuIinic acid dehydratase involved in die 
biosynthesis of haem and hence can induce anaemia [2]. However, a good selenium status may 
inhibit the effects of lead [3] and also of cadmium [4], another toxic trace element. 

It is now being recognised in the West that the over-use of iron supplements can cause zinc 
deficiency. This is presumably due to the fact that zinc is transported in the blood to a certain extent 
by transferrin [5], the main transporter of iron, and the two elements seem to vie with each other for 
similar absorption sites in G.I.T. It is also known that the absorption of selenium and iron and of 
selenium and zinc [6,7] antagonize one another and that selenium levels tend to drop during 
pregnancy. However we know nothing of the selenium status of any of our populations. 

Selenium [9,10] zinc [11, 12] and magnesium deficiencies [13,14] have all been linked with 
cardiovascular disease and diabetes mellitus, two very common conditions in Pakistan. Deficiencies 
of these elements throughout the world, even in affluent societies in the West, are far more common 
than was thought until recently partly owing to difficulties of status determination and partly due to 
inadequate knowledge concerning diets. 

2. WORK PLAN 

2.1. The intention has been to identify anaemics among various sections of our population. The 
normal levels for the population of serum iron, total iron binding capacity (TIBC), transferrin 
and ferritin are required as well as the normal haemoglobin levels. Anaemics may be identified 
clinically as well as by the above tests, and from other haematological parameters. 

2.2. The bioavailability of iron in the diet and its absorption as influenced by lead content and by 
the levels of lead in the blood require investigation. 
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2.3. The establishment of zinc status is required. The means to establish this is controversial but 
information should be found from zinc levels in whole blood, serum, red blood cells and from 
the zinc copper ratio in blood or serum [5,15]. Zinc deficiency may be present even when 
levels in whole blood or serum are normal. Indications of deficiency may be obtained from 
the results of the zinc taste test 16] and from clinical evidence. Information regarding the effect 
of iron supplementation on zinc levels and vice versa are also required. 

2.4. The establishment of selenium status is required. Again this is not easy to obtain but 
information may be found from levels in whole blood, serum, plasma, red blood cells and in 
platelets [17,18]. Correlations with levels of iron and zinc will be calculated wherever 
possible. 

2.5. The chewing of pan or betel nut is common. This contains cadmium and the substance is 
purchased often wrapped in metal foil which contaminates the contents with lead. The 
cadmium content of pan is required and the effects of levels of cadmium and lead in body fluids 
amongst users would be informative. 

2.6. Levels of copper and magnesium wherever possible would be informative. 

3. SUBJECTS 

The Baqai Medical College is situated about 20 miles from Karachi in a rural area of Sindh 
Province. A number of primary health clinics are operated for the benefit of the rural communities 
as well as a large hospital in the city. Subjects were volunteers from staff, students, and employees 
of the college as well as from communities served by the primary health clinics. 

3.1. A rural population of low family incomes: 16 males and 22 females living near the college and 
from Radho Goth, a village 11 miles from the college. 

3.2. A rural industrial group (also a low income group): 23 males from Nooriabad, about 70 miles 
from the college. 

3.3. An urban population mostly of the higher income group: students, staff and employees of the 
college: 27 males and 22 females. 

3.4. The results of 16 anaemic subjects were considered separately although they appear also in the 
above subject groups, 

3.5. The zinc taste test, an aid in diagnosing zinc deficiency was carried out on 31 additional 
subjects as well as on the above. 

4. METHODOLOGY 

Estimations of the trace elements magnesium, zinc, copper, lead, cadmium, selenium and iron 
in body fluids is by atomic absorption spectroscopy: Hitachi Z 8000 with Zeeman background 
correction. The methodology for the first four only of these elements in whole blood and also for 
iron (and TIBC) in serum has been worked out so far: flame aspiration for magnesium, zinc and iron 
and graphite furnace for copper and lead. No estimations on specimens have yet been carried out, 
although we are now ready. The selenium lamp purchased in U.K. in 1990 proved to be faulty but 
a replacement was recently obtained. For this reason, no work on selenium has yet been carried out. 
Nothing has yet been done on cadmium or on the effects of chewing "pan". 
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The various haematological tests on most specimens have been performed by routine 
procedures. Separation and counting of platelets was done as soon as possible as rapid leakage of 
selenium occurs. Red blood cells were also separated as soon as possible to minimise the leakage of 
zinc and magnesium. 

The zinc taste test has been performed extensively: the mouth of each subject was rinsed with 
5-10 ml of 0.1 % zinc sulphate solution. The absence of an acidic or bitter taste within 10 seconds was 
indicative of bodily zinc depletion. 

No work has been carried out on the bioavailability of iron or zinc in the diet or its absorption 
from the diet, as radioisotopes are required and are not yet available to us. 

5. RESULTS AND DISCUSSION 

5.1. Specimen Collection 

Opinions vary widely in the literature as to the best assessment of zinc status: levels in whole 
blood, serum, plasma, erythrocytes, leucocytes, hair, nails or tissues [5]; activities of serum alkaline 
phosphatase or red cell carbonic anhydrase [.], the zinc taste test [ 16] or the copper-zinc ratio in blood 
or serum have all been used [15]. It should be emphasised that normal levels in blood or serum 
cannot rule out deficiency [5]. We have decided to estimate zinc levels in whole blood, serum, red 
blood cells and to perform the zinc taste test and to find the zinc-copper ratio in whole blood and 
serum. 

Similarly, for selenium, levels in whole blood, serum, plasma, red blood cells, or platelets or 
the activity of glutathione peroxidase in platelets is given in the literature [17,18]. We have decided 
to estimate selenium levels in whole blood, serum, plasma, platelets and in red blood cells. 

Deficiencies of either of these trace elements are connected with a whole range of diseases and 
conditions [19,20] and increasing evidence of widespread deficiencies of these elements throughout 
the world, even in Western society, is appearing. Difficulties of assessing status and lack of 
information concerning dietary content are probably important factors. 

Studies are to be carried out on both rural and urban communities the former being composed 
essentially of those of very low family income and the latter of both poor and affluent. So far, our 
rural subjects include those of low income from a rural industrial area and also of communities of 
unskilled labour. Our urban subjects are of mostly the affluent section. We have also singled out 
anaemics for particular study. 

As such studies have not been carried out here before and trace elements have not been 
estimated in body fluids by atomic absorption spectroscopy using the Hitachi Z 8000, the development 
of the methodology for each trace element in each of the body fluids under investigation is necessary, 
together with the determination of the relevant normal range. 

From each subject, the following specimens are being collected: 

5.1.1. Clotted blood for the estimation of serum iron, TIBC, zinc, selenium and later, 
hopefully, of transferrin and ferritin. 

5.7.2. Unclotted blood (EDTA) for the determination of zinc, selenium, copper, lead, 
magnesium (and later cadmium) and haemoglobin and other haematological parameters 
in whole blood; selenium and zinc in red blood cells, and selenium in plasma and 
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platelets. Separation of the blood constituents is necessary as soon as possible as zinc 
and magnesium rapidly leak from red blood cells and selenium from platelets. 

5.2. Trace Element Analysis 

So far, experimental conditions for the estimation of magnesium zinc, copper and lead in whole 
blood and for iron in serum have been found. Previous work on trace elements [1,21-25] was done 
on a Pye Unicam SP 2900 flame-aspiration instrument at the University of Karachi. This was an old, 
not very precise, instrument but for purposes of this project, we entered into an agreement with the 
Pakistan Council for Scientific and Industrial Research in which we are able to use their Hitachi Z 
8000 atomic absorption spectrophotometer. This is a very precise and accurate instrument with 
Zeeman background correction for certain interfering substances and it may either be used by 
flame-aspiration or by the graphite furnace technique. The former requires 1 -2 ml of solution and 
is used for concentrations down to about 0.1 ppm (10 pg/dl) and the latter down to about 10 ppb (1 
/zg/dl) and requires only 10-20 /d. of solution. 

5.2.1. Analytical Steps. 

The flame aspiration technique is simple but the graphite furnace mode is more complex. After 
injection of the sample into the graphite furnace, the sample is dried, then ashed to remove 
carbonaceous material and volatile interfering substances, and finally the element for analysis is 
atomised. The temperature at each of these steps, and the heating rate from one step to another and 
also the time of duration at each step has to be found by experimentation for each element to give 
good recoveries and reproducibility of results. Once this has been found, the instrument is 
programmed for future estimations of that element. For example for lead drying [26] at 80 - 120° 
followed by ashing at 400 - 850° and atomization at 1800° and cleaning of the furnace at 3000°C 
gave the best results. The temperature rises for each of the first two steps take place over 30 seconds 
(see Table I). 

5.2.2. Sample Preparation. (Table 1). 

Whole or diluted blood or serum was not aspirated or injected into the instrument, although this 
is commonly done, because of the build-up of carbonaceous material. For copper, zinc and 
magnesium, blood was digested with an equal volume of cone, nitric acid at 100 - 110°C on a sand 
bath, until a clear yellow solution was obtained. This usually required about 12-18 hrs. The resulting 
solution was diluted to 25 times the original blood volume for copper and zinc and to 400 times for 
magnesium, with doubly distilled deionised water. 

Various procedures were tried for lead, the most satisfactory one being to deproteinise 100 /tl. 
of blood with 75 /xl of 4N nitric acid after adding 100 /tl of modifier (see below) and 125 fi\ of water. 
Thus, in effect, the blood has been diluted four times. 

Serum iron: serum way deproteinised with an equal volume of 10% trichloroacetic acid and 
ultimately to a final dilution of 1:10. 

Estimations of copper and lead (and also of cadmium) are by the graphite furnace technique, 
and addition of a modifier to each solution is necessary to prevent loss of the element under 
investigation during the ashing stage. For copper, after digestion and dilution.the modifier was an 
equal volume of a mixture of 9 ml of 1 % ammonium dihydrogen phosphate 27 solution and 4.22 ml 
of 1000 ppm magnesium nitrate solution [27J. A palladium chloride-inagnesium nitrate modifier will 
most likely be used for selenium [28]. As zinc, magnesium and iron are determined by flame-aspira
tion, no modifier was required for these elements. 
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5.2.3. Standards 

Results are very dependent on viscosity, pH and on interfering substances. For these reasons, 
if trace elements in whole blood are being estimated, whole blood standards are required or if urine 
is being studied, urine standards are required; standards in water or dilute acid are not generally 
suitable. In the absence of suitable blood standards, we made our own. Pooled blood was taken and 
the trace element level was estimated by standard additions. In this known amounts of the element 
are added to 3 to 5 portions of die blood (spiking) and after treatment of both the spiked and unspiked 
portions as described above, the absorbances are recorded using the appropriate technique, after the 
values of the standard additions have been fed into the spectrophotometer computer. 

5.2.4. Results. 

After obtaining the optimum experimental conditions recoveries for each of the elements in 
whole blood were good. Further work is necessary to determine the reproducibility, mean, C.V. and 
S.D. for the levels in the standards. Good straight line graphs were obtained and the level of each 
trace element in each subject sample may now be found by the simple proportion of its absorbance 
to that of the standard. 

5.2.5. Viscosity Effects. 

The usual aqueous standards in 1 % nitric acid used in atomic absorption spectroscopy were run 
as samples. Examination of the results shows that only in cases where the blood has been highly 
diluted, would it have been possible to use one of these (Table II). Standards in dilute acid rather 
than in pure water are used as absorption of the metal by the walls of the containing vessel and the 
growth of mould are minimised. A further exercise demonstrated the variation of results at different 
acid concentrations (Table III). 

5.3. Haematological Studies 

Subject details and results are summarised in tables IV - VI, for the rural, rural industrial and 
affluent urban sections. Although anaemias are very common in Pakistan, we have singled out only 
five males and eleven females for separate study. Studies on such subjects will be considerably 
broadened soon. 

As expected, males had higher haemoglobin (Hb) levels than females but surprisingly die levels 
for the urbanites (males) and industrial rurals (all were males) were similar, as were the red blood 
cell counts (RBC). Females had higher platelets but lower PCV (packed cell volume) man males but 
the industrial rurals had the highest platelet counts and PC VS. Anaemics had the lowest PCVI, RBC 
and Hb levels but the platelet counts were in between those for rural and urban males MCV (mean 
corpuscular volume) and MCHO (mean corpuscular haemoglobin count) for all males and anaemics 
were similar. There was little variation in MCH (mean corpuscular haemoglobin). 

Please note that the means and ranges only have been quoted. Statistical results have not yet 
been calculated as we have not yet had the time and the study is still on-going. We do not yet know 
if the distributions in each case are Gaussian or non-Gaussian of whether to apply the student's test 
or non-parametric methods to search for significantly different results between males and females or 
between subject groups. 

5.4. Zinc Taste Test. 

The zinc taste test is a simple indicator of zinc deficiency: the subject swills his/her mouth with 
0.1% zinc sulphate solution. No taste or a somewhat salty taste within 10 seconds indicates 
deficiency. Zinc replete subjects usually grimace immediately. 
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The test was carried out on the above subjects plus 30 other volunteers: members or employees 
of the college. As can be seen from Table VII, depletion among the Pathans (from the north-west 
of the country) was less than 50% whereas amongst a combination of other ethnic groups it was about 
90%. The Pathans had been resident in Sindh Province for several years and the results are as yet 
unexplainable. There are no obvious differences in dietary habit or in the use of cooking utensils. 
Many Pathans however, do chew the bark of a tree similar to that of the walnut tree in order to clean 
their teeth. 
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TABLE I 

EXPERIMENTAL CONDITIONS AND RECOVERY RATES FOR THE 
ESTIMATION OF TRACE ELEMENTS 

Element Treatment Technique Modifier Ashing 
°C 

Atomization 
°C 

Recovery 
% 

Blood Mg Dig. F.A. _ . _ 99.4 
Blood Zn Dig. FA. - - - 101.1 
Blood Cu Dig. F.A. A 1000 2300 99.6 
Blood Pb Dep. F.A. A 850 1800 100.5 
Blood Cd F.A. A 900 1600 
Blood Se F.A. B 900 2100 
Serum Fc Dep. F.A. - - 101.4 

Dig. = acid digestion A = ammonium dihydrogen phosphate and 
magnesium nitrate 

Dep. = deproteinisation 

F.A. = flame aspiration B = palladium chloride and magnesium 
nitrate 

G.F = graphite furnace 

TABLE II 

ERRORS USING STANDARDS IN 1% HN03 AS AGAINST 
STANDARDS IN BLOOD AND SERUM 

Element Dilution of Std. in 1 % Apparent cone against % error 
sample HNO, blood serum 

Blood Mg 1 :400 0.300 ppm 0.301 ppm +0.3 
Blood Zn 1 :25 0.500 ppm 0.512 ppm + 2.4 
Blood Cu 1 : 25 50.00 ppb 48.80 ppb -2.4 
Blood Pb 1 : 4 100.0 ppb 93.81 ppb -6.2 
Serum Fe 1 : 10 0.300 ppm 0.295 ppm + 1.7 

TABLE III 

VARIATION OF APPARENT CONCENTRATION WITH 
STRENGTH OF NITRIC ACID 

% Mg Zn Cu 
HNO, tppm) (ppm) (ppb) 

0 0.305 0.499 100.0 
0.01 0.310 0.513 98.0 
0.1 0.321 0.517 99.3 
1 0.304 0.513 100.8 
2 0.310 0.511 97.7 
5 0.310 0.506 89.3 
10 0.308 0.491 91.6 



TABLE: IV 

HAEMATOLOGICAL RESULTS FOR OUR SUBJECT GROUPS 

Rural Industrial Urban Anaemias 

No: 

M F M M F M& F 

No: 16 22 23 27 22 16 

Age 
(yr) 

Range 
Mean ± SD 

12 -45 
31.9 ± 9.4 

14-60 
39 ± 11.7 

15 -34 
23.0 ± 4.2 

18 - 82 
35.9 ± 17.7 

16-28 
21.5 ± 3.5 

12-50 
28.9 ± 13.0 

Income 
($p.m.) 

Range 
Mean ± SD 

32 - 120 
57.8 ± 24.8 

14 - 120 
51.3 ± 30.3 

48 -96 
57.1 ± 10.3 

U P P E R 48 - 120 
64.7 ± 27.5 

Hb Range 
Mean ± SD 

7.0- 16.2 
13.5 ± 3.8 

4.4- 16.2 
12.2 ± 3.4 

11.9- 18.0 
15.3 ± 1.5 

14.2- 17.6 
15.5 ± 1.3 

4 .5 - 16.2 
11.9 ± 3.6 

4 .4- 13.8 
9.95 ± 3.2 



TABLE V 

HAEMATOLOGICAL RESULTS FOR OUR SUBJECT GROUPS 

Rural Industrial Urban Anaemics 

M F M M F M & F 

|RBC 
1 x 10'-7L 

Range 
Mean ± SD 

2.1 -5.6 
4.7 ± 1.1 

4.25-5.1 
4.8 ± 0.3 

4.1 -6.5 
5.1 ± 0.5 

4.8-5.5 
5.2 ± 0.2 

4.5-5.8 
5.1 ± 0.5 

2.1 -5.0 
4.4 ± 0.8 

Platelets 
x la 1 

Range 
Mean ± SD 

175 - 245 
193 ± 27 

135 - 260 
207 ± 36 

150 - 340 
240 ± 47 

150 - 220 
180 ± 26 

175-310 
214 ± 33 

135-260 
215 ± 36 

PCV 
% 

Range 
Mean ± SD 

23 -53 
42.7 ± 9.6 

32 -46 
41.1 ± 5.0 

38-53 
46.4 ± 4.5 

39-50 
45.6 ± 3.5 

39-52 
41.3 ± 5.2 

23 -45 
37.4 ± 6.6 

Normal Ranges: RBC M 4.5 - 6.5 x 10I}/L 
F 3.8 - 5.8 x lO'VL 

Platelets 150 - 400 x 105 

PCV M 40 - 52 % 
F 35 - 47 % 



TABLE VI 

HAEMATOLOGICAL RESULTS FOR OUR SUBJECT GROUPS 

Rural Industrial Urban Anaemics 

M F M M F M & F 

MCV 
ft. 

Range 
Mean ± SD 

5 9 - 109 
88.9 ± 13.0 

66-97 
84.5 ± 10.2 

79 - 120 
91.4 ± 5.8 

81 -96 
88.6 ± 5.8 

76- 121 
92.0 ± 17.0 

59 - 121 
88.5 ± 17.1 

MCH 
PS 

Range 
Mean ± SD 

2 0 - 3 3 
29.0 ± 4.0 

23 -35 
29.5 ± 3.4 

27 -35 
30.2 ± 2.0 

27-32 
30.3 ± 2.0 

27-37 
29.5 ± 4.1 

20-37 
28.8 ± 4.5 

MCHC 
% 

Range 
Mean ± SD 

32.7 - 36.0 
33.4 ± 1.8 

31.2-41 
34.7 ± 3.2 

27- 35 
33.0 ± 2.0 

31 -40 
35.3 ± 3.2 

31 -36 
32.7 ± 2.9 

30-38 
32.6 ± 2.4 

Normal Ranges: MCV 76 - 96 fL 

MCH 27 - 32 pg 

MCHC 30 - 35 % 
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TABLE VII 

TASTE TEST FOR ZINC DEFICIENCY 

No. % 

No. of subjects tested 141 

Pathans 
Non-Pathans 

22 
119 

(15.6%) 
(84.4%) 

Zinc depleted: Total 
Pathans 
Non-Pathans 

118 
10 
108 

(83.7%) 
(45.5%) 
(90.8%) 

Not Zinc depleted: Total 
Pathans 
Non-Pathans 

23 
12 
II 

(I6J%) 
(54.5%) 
(9.2%) 
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1. INTRODUCTION 

Iron deficiency is one of the most widespread nutritional problems in the world. Its prevalence 
is highest in many developing countries where it constitutes a serious public health problem 
[WHO, 1972). 

Iron deficiency can produce disturbances in physical and mental health, the most common sign 
of severe iron deficiency being anaemia [WHO, 1972). Iron deficiency anaemia can impair work 
capacity [Scrimshaw, 1984); learning capacity and result in changes in behaviour [Pollit, 1987; 
Lozoff, 1987), as well as compromise immunocompetence [Baggs and Miller, 1973; Dal I man, 1987] 
and causing less resistance to infections (Chandra, 1985|. In pregnancy, there is evidence that severe 
anaemia increases the risk of maternal morbidity and mortality as well as premature delivery 
[Llewellyn-Jones, 1965; Tasker, 1958; and Ratten and Beischir, 1972, cited in Baker and DeMaeyer, 
1979). 

There is thus ample justification for attempting to implement programmes to combat iron 
deficiency in developing countries such as Peru. In order to determine the most appropriate 
intervention it is necessary to have data on the prevalence and severity of iron deficiency. 

The purpose of this study is to develop the necessary steps to implement a fortification 
programme to combat iron deficiency anaemia in Peru, targeted to pre-school children and pregnant 
women, who are the risk groups due to their increased requirements of this nutrient. 

2. OBJECTIVES 

2.1. To determine the prevalence of iron deficiency anaemia in pregnant women, infants and 
pre-school children. 

2.2. To determine the main iron source in diets and the foods most suitable for iron fortification. 

2.3. The determine the bioavailability of iron from typical peruvian composite diets. 

2.4. To determine the degree to which iron absorption is likely to be modified by the fortification 
of food with iron. 

2.5. To measure the cost/benefit of a fortification programme for pregnant women and preschool 
children. 
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3 METHODOLOGY 

3.1. Study Site 

The study is being conducted in Lima city, the capital of the Republic of Peru. Lima is situated 
in the central coastal region of the country, the weather is mild with a emperature range from 
13 - 15°C in winter and 25 - 28°C in summer. The majority of the population is considered to live 
in conditions of poverty. 

Peru has a population of 22 million inhabitants, 30 percent of whom live in Lima. The 
majority of Peru's population lives in urban areas, children below five years of age represents 24.3 
percent of the total population [INE, 1990]. Official data report [Ministerio de Salud, 1987] that 
there are approximately 785,752 births every year. The infant and under-five mortality rate are high 
(84/1,000 live births), 44.2 per cent of all deaths occur among children below five years of age 
[ENNSA 1984]. Maternal mortality is also high 88 deaths/100,000 live births [UNICEF 1989]. 

3.2. Sample selection 

The estimated sample size was based in the previous report of anaemia of 35 %. Considering 
a significance level of 0.01 the number obtained was 180, adding 30 % for incomplete studies we 
decided to enrol a total of 240 mothers. For children the sample size considered a maximum 
prevalence of 50% anaemia and the estimated sample size is 386. 

The selection of the clusters was undertaken by the Institute Nacional de Estadistica e 
Informatica (INEI), who have up-to-date censuses of the city stratified by socio-economic level. 
Taking into consideration this socio-economical data, a total of 130 clusters were selected. Each 
cluster has approximately 100 families. 

3.3. Procedures 

Each cluster was identified by die chart given by INEI. In every cluster a census was 
performed in order to identify the total number of pregnant women and children below five years of 
age. Mothers with the following characteristics were invited to participate: 

(a) A gestational age from 14 -18 weeks; 
(b) Resident in Lima at least 1 year; 
(c) Not receiving iron medication; 
(d) No evidence of chronic illness or severe disease. 

In children: 
(a) From 6 to 59 months of age; 
(b) Resident in Lima; 
(c) Not taking iron medication; 
(d) No evidence of severe or chronic disease. 

Anthropometric measurements were done on all volunteer pregnant women and children, by 
the same two nutritionists. Weight, standing height or supine length (depending on age) was 
measured in children and weight, height and arm circumference was measured in the women. 

A single blood sample was taken for the measurement of haemoglobin, haematocrit, ferritin, 
transferrin saturation, total iron binding capacity (TIBC) and folate. The sample was collected 
between 8 a.m and 11 a.m at home. Blood samples were covered with aluminium paper and kept for 
no longer than four hours in a dark box until used for haernatological determinations. 
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Haemoglobin was analyzed using a portable instrument which measures haemoglobin by 
photo-colorimetry (Hemacue Inc., Sweden) the results were given to mothers immediately. 

Iron sulphate 525 mg. was given to all participating women for a period of two months. 
Children received iron sulphate 6 mg/kg weight. A second haemoglobin test will be measured two 
months after the first test. 

A 24 hours recall of dietary intake and a food frequency questionnaire were done in pregnant 
women. The survey will determine: 

The main iron sources from haem and non-haem pool; 
the daily iron intake; 
the daily calorie intake; 
the presence of some iron absorption enhancers such as vitamin C (daily intake), as well 
as the presence of foods which may interfere with iron absorption; 
the frequency of consumption of foods most likely to be suitable vehicles for iron 
fortification. 

4. RESULTS 

The project was programmed to complete the first three objectives during the first 18 months. 
We started collecting the samples in August, when the haemoglobinometer arrived. The study is still 
under way and in this talk I am presenting the results available up to 10th October 1991. Seventy 
five clusters with 7,534 families have been visited. We have found 318 pregnant women from this 
group, of whom 97 mothers met the criteria selection and were accepted to participate in the study. 
We present the preliminary results of 97 mothers and 110 children below five y*.«. 

The mean age of the mothers was 26.1 ± 6.4 years, trie mean gestat\>r age is 5.9 ± 1.7 
months, the mean height is 150.9 ± 6.3 cm and the mean arm circumfer *• * is 28.0 + 3.4 cm 
(Table I). 

48 % eight percent of mothers had haemoglobin concentrations below 11 g/dl, but only 18.6 
% had haematoerit below 33% (Table II). The mean haemoglobin value is 10.9 g/dl ± 1.5 and the 
mean haematocrit was 36.4 + 3.7 %. 

Fig. 1 shows the correlation between the haemoglobin (venous blood) and haematocrit values 
in pregnant women. The correlation is 0.75548, the R2 0.54094 (p< 0.001). 

Anaemia (Hb < 11 g/dl) was observed in 55.65% of children. The majority with anaemia are 
between 6 to 36 months. Haematocrit values <33% were found in 29.1% of children. The mean 
haemoglobin level is 10.5 ± 1.6 g/dl and the mean haematocrit is 34.0% ± 3.6 (Table III). 

Fig. 2 shows the correlation between the haemoglobin (capillary) and haematocrit values in 
children. The Correlation is 0.77424, the R2 is 0.59945 (p< 0.001). 

We have analyzed 56 food frequency questionnaires and 22 diet recalls of the preceding 24 hrs. 
These data neui a careful revision before data entry and due to limitations in time we have only 
analyzed part of this data. The final results may be different. However we present these data to give 
an idea of the diets of these pregnant women. 

The mean daily calorie intake was 1488 kcal, the mean protein intake was 45 g/day 
(12 % of total calories), the mean fat intake was 23 g/day (approx. 7 % of total calories) and the total 
iron intake was 11.7 mg/day (Figs. 3-6) 
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The main haem iron source is chicken and fish, the main non-haem iron sources are cereals: 
wheat (bread and noodles) and rice, which are consumed daily by more than 95 % of mothers. 
Legumes are consumed less frequently. The most commonly eaten form of pulses is broad bean. 
Sugar and oil are consumed daily by all mothers, lemon is the main source of vitamin C (Fig 7-9). 

5. DISCUSSION 

Anaemia is the end result of severe iron deficiency. It has been defined as a condition in which 
the concentration of haemoglobin is below the level that is normal for a given individual [WHO, 
1972]. The lower limits for normal haemoglobin concentration at different ages in both sexes, as set 
by WHO, are haemoglobin 11 g/dl for pregnant women and pre-school children at sea level [WHO 
1972]. 

The only study that includes a representative sample from children's population is the National 
Food and Nutrition Survey from 1975 [unpublished data]. In infants living at the coast, a prevalence 
of 63 to 75 % anaemia was observed and in pre-school children the prevalence was from 33 to 42%. 
We have obtained similar high frequencies of anaemia in infancy, however, in pre-school children 
we observed a higher prevalence of anaemia (Table IV). This may suggest a deterioration in the diet 
of children of this age although difference because of sample selection cannot be excluded. 

LLosa et al [7] found 53 % of anaemia in pregnant women attending a peri-urban health centre 
in Lima and a general hospital in the centre of Lima. In our study we found similar results. In non
pregnant women they reported 37% of women with anaemia. Cook et al reported 38% anaemia in 
pregnant women from the third trimester of the low socio-economieal strata in Lima [1]). 

Thus, this study which has been the first to investigate a representative sample of children and 
pregnant women from all the city of Lima, has confirmed the high prevalence of anaemia in both 
these groups. However, despite this high prevalence, the mean values of haematocrit and 
haemoglobin in the anaemic groups, are only moderately reduced, in other words there are a large 
number of mothers with mild anaemia. This suggests that even a modest improvement in the total 
iron intake or the bioavailability of the iron in their diets might produce a positive effect in combating 
anaemia in this population. So fortification seems to be a reasonable and feasible alternative in 
reducing anaemia in the high risks groups in Lima. 

In addition we have presented preliminary data for the pregnant women which demonstrates 
generally low levels of calorie intakes in these women with total iron intakes below the recommended 
dietary intakes. Most of this iron comes from the non-haem pool which has low bioavailability, 
nevertheless, this could be improved by an appropriate food technology. This data supports the need 
for a programme to improve iron intake in the Peruvian population with a combination of nutrition 
education and iron fortification. The results of this study will demonstrate which foods will be the 
most suitable candidates for a fortification programme. Other factors have to be taken into 
consideration, such as the economical factors, agricultural policies, food industry. 

6. FUTURE PLANS 

6.1. To complete the analysis of the dietary survey in order to know in detail, the most appropriate 
food suitable for enrichment, the main iron sources in diets and the presence of some food 
enhancers or inhibitors of iron absorption. 

6.2. To analyze other factors related to food consumption that affects a fortification programme, 
such as economic factors, agricultural production, food policies, etc. 
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6.3. To evaluate iron and zinc availability in common Peruvian diets with and without iron 
enrichment. 

6.4. To develop a proposal for an iron fortification programme and to evaluate the cost/efficiency 
of such a programme. 
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TABLE I 

HAEMOGLOBIN/HAEMATOCRIT CONCENTRATIONS BY GESTATIONAL AGE 
IN PREGNANT WOMEN 

(Lima, Peru) 

HAEMOGLOBIN 
TOTAL 

HAEMATOCRIT 
TOTAL 

> or = 
11 

< 11 
TOTAL 

> or = 
33% 

< 
33% 

TOTAL 

TRIMESTER 

2nd 

3rd 

TOTAL 

29 
48.3% 

21 
56.8% 

50 
51.5% 

31 
51.7% 

16 
43.2% 

47 
48.5% 

60 
100.0% 

37 
100.0% 

97 
100.0% 

45 
75.0% 

34 
91.9% 

79 
81.4% 

15 
25.0% 

3 
8.1% 

18 
18.6 

60 
100.0% 

37 
100.0% 

97 
100.0% 

TABLE II 

HAEMOGLOBIN/HAEMATOCRIT CONCENTRATIONS BY GESTATIONAL AGE 
IN PREGNANT WOMEN 

(Lima, Peru) 

TRIMESTER TOTAL 

2nd 3rd 

TOTAL 

HAEMOGLOBIN 

n 60 37 97 
Mean 10.8 10.9 10.9 
De 1.6 1.5 1.5 
Min 7.3 7.8 7.3 
Max 14 5 14.3 14.5 

HAEMATOCRIT 

n 60 37 97 
Mean 36.0 37.0 36.4 
De 4.0 3.2 3.7 
Min 27.0 29.0 27.0 
Max 44.0 43.0 44.0 
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TABLE III 

HAEMOGLOBIN AND HAEMATOCRIT CONCENTRATIONS BY AGE 
IN CHILDREN 

(Lima, Peru) 

ANAEMIA 
TOTAL 

HEAMATOCRIT 
TOTAL 

> or = 
11 

< 11 
TOTAL 

> or = 
33% 

< 
33% 

AGE IN MONTHS 

< 12 1 
25.0% 

3 
75.0% 

4 
100.0% 

1 
50.0% 

1 
50.0% 

2 
100.0% 

12-23 6 
24.0% 

19 
76.0% 

25 
100.0% 

15 
68.2% 

7 
31.8% 

22 
100.0% 

24-35 13 
43.6% 

19 
76.0% 

30 
100.0% 

19 
70.4% 

8 
29.6% 

27 
100.0% 

36-47 12 
54.5% 

19 
76.0% 

22 
100.0% 

13 
72.4% 

5 
27.8% 

18 
100.0% 

>4? 16 
59.3% 

19 
76.0% 

27 
100.0% 

13 
76.5% 

4 
23.5% 

17 
100.0% 

TOTAL 48 
100.0% 
44.4% 

60 
100.0% 
55.6% 

108 
100.0% 
100.0% 

61 
100.0% 
70.9% 

25 
100.0% 
29.1% 

86 
100.0% 
100.0% 
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TABLE IV 

STUDIES ON ANAEMIA PREVALENCE 

YEAR SAMPLE AREA AGE Hb<llg/dl 
% 

Ht<33 
% 

CHILDREN BELOW 2 YEARS 

1975 C Coast N 0-23 m (132) 63.6 -
C CoastS 0-23 m (64) 75.4 -

c Coast C 0-23 m (50) 64.0 -
1983 T Callao, P.J. Lactants (124) 99.2 34.7 
1983 S La Libertad, rural 6-24 m (107) 16.8 -
1986 C Iquitos 0-24 m (344) - 27.9 
1989 1990 C Lima, Canto Grande 6-24 m (51) - 35.3 

C : Conglomerate, T : Total accessible population, S : Stratified. ND : No data 

Reference: Pretell, E.A., Benavente, L.. Ltfpez de Romana, G., Nunez. M.. Zavaleta, N., Higa, 
A.M., Ponce, L.: Micronutrient malnutrition (Vitamin A. Iron, and Iodine) in Peru, 
Ministerio de Salud, Lima, Peru. 1991. 

TABLE V 

STUDIES ON ANAEMIA PREVALENCE 
YEAR SAMPLE AREA AGE Hb<Ilg/dl 

% 
Ht<33 

% 

PRE-SCHO OL CHILD! tEN 

1975 C Coast N 24-47 m (123) 32.5 « 
C Coast S 24-47 m (61) 42.8 -
C Coast C 24-47 m (66) 34.8 -

1983 T Callao, P.J. Pre-schooI(l54) 91.6 13.5 
1983 S La Libertad. rural 25-48 m (140) 20.0 -
1986 C Iquitos 25-48 m (354) - 17.8 
1989 1990 C Lima. Canto Grande 25-59 m (148) - 39.9 

C : Conglomerate, T : Total accessible population, S : Stratified. ND : No data 

Reference: Pretell, E.A., Benavente, L., Lrtpez de Romana, G., Nunez, M., Zavaleta, N., Higa, 
A.M., Ponce, L.: Micronutrient malnutrition (Vitamin A, Iron, and Iodine) in Peru, 
Ministerio de Salud, Lima, Peru, 1991. 
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TABLE VI 

STUDIES ON ANAEMIA PREVALENCE 

YEAR SAMPLE AREA AGE Hb<llg/dl 
% 

Ht<33 
% 

FERTILE i iGE WOME N AND PREGNANTS 

1969 HS Lima, low level Pregnant. 3 Trim (SS) 38.5 -
HS Non pregnant (96) 17.5 -

1984 1985 HS Lima, Canto Grande Pregnant, 3 Trim (SS) 53.0 -
HS Hospital Loayza Delivery/puerperium(43) 53.0 -
HS Canto Grande rural Non pregnant (27) 37.0 -

1986 HS Lima, El Agustiono Students 12-20 yrs (644) 50.2 -
1990 R Lima, Pampas S.J. Pregnant, 3 Trim (166) - 26.5 

HS : Health Service, R : Random. ND : No data 

Reference: Pretell. E.A., Benavenle, L., Lopez de Romana, G-. Nunez, M.. ZavaleU, N.. Higa, A.M., 
Ponce, L.: Micronutrient malnutrition (Vitamin A, Iron, and Iodine) in Peru, Ministerio de 
Salud, Lima, Peru, 1991. 
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LEVELS OF HAEMOGLOBIN AND HAEMATOCRIT 
ON PREGNANT WOMEN, Lima, Peru) 
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LEVELS OF HAEMOGLOBIN AND HAEMATOCRIT 
(IN MILDREN, Lima, Peru) 
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IRON AND ZINC ABSORPTION FI M WEANING FOODS PREPARED FROM 
GERMINATED CEREALS AND LEGUMES 

Miriam D. Kuizon 

Food and Nutrition Research Institute 
Department of Science and Technology 

Manila, Philippines 

SUMMARY 

Iron deficiency anaemia is a public health problem in the Philippines especially in 

infants, children and pregnant women. The immediate cause is inadequate intake of available 

iron to meet increased iron requirements. Iron supplementation studies on pregnant women 

showed improvement in haemoglobin level and reduction of prevalence of anaemia. A project 

on iron fortification of rice with ferrous sulphate is going on. It is proposed to study iron and 

zinc absorption from weaning food prepared from germinated rice: mungbean, germinated 

rice: cowpea, and germinated corn:mungbean to support the finding that these formulations 

will alleviate not only protein-energy malnutrition but contribute to improvement of iron 

status as well since iron contents are higher and anti-nutritional factors (phytates and tannin) 

are either reduced or eliminated. 
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1. INTRODUCTION 

Iron deficiency anaemia is a public health problem in the Philippines. The prevalence of 
anaemia 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) as shown in Figure 1 Jl]. 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 recommended dietary allowance (RDA) while those of pregnant 
and lactating women met only 61.9 and 58.4% of 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, while fish, meat and poultry contributed only 25.9% (Figure 2) |2]. Iron absorption from 
adequate meals showed 6.4% absorption [3]. Among children 6 mo - 6 y, the prevalence of iron 
deficient erythroporisis was 39.4% based on EP/dL blood and 37.6% based on EP/Hb ratio. 
Anaemia was present in 40.7% of the subjects based on Hb level < llg/dL. Iron intake met only 
41.2 to 73.5% of RDA (4] (Figure 3). In pregnant women the prevalence of iron deficiency anaemia 
based on Hb < llg/dL and abnormal values for EP/PF was 14.6% [5]. 

Studies on iron supplementation have shown positive response. A dose of 65 mg iron given to 
women with normal haemoglobin levels maintained their haemoglobin level while 195 nig iron raised 
their haemoglobin level compared to placebo or ascorbic acid alone [6]. In another study, a reduction 
by 57% of anaemia problem after 100 days of supplementation with 120 mg of iron was reported {7]. 
An experiment on iron fortification with iron (and vitamin A) has been started in the Philippines. A 
simple technology of coating rice grain with ferrous sulphate has been developed. Once the 
technology has been perfected and the effectiveness of the fortified rice in improving the iron status 
has been demonstrated,a delivery scheme that will involve both mill-enrichment and home-enrichment 
compared with social marketing, will be field-tested. 

'iTie Food and Nutrition Research Institute conducts studies on formulation of nutritional food 
products particularly weaning foods to alleviate energy and protein deficiency particularly in infants 
and children. Mixture of germinated rice-mungbean (GRM), rice-cowpea, (GRC) and corn-mungbean 
(GCM) showed potential because of reduced dietary bulk |8], improved protein quality and 
micronutrient composition [9] better carbohydrate digestibility due to production of 
maltooligossacharides during germination and preparation [10] and reduction or elimination of 
antinutritional factors [11]. There is a need, however, to conduct iron absorption studies from 
weaning foods prepared from these germinated cereals and legumes to support the finding of increased 
micronutrient composition & decreased antinutritional 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 researches relating to the development and application of local intervention programs 
such as modification of local foods to improve iron absorption [12]. 

2. DESCRIPTION 

2.1. Phase I - Preparation of weaning foods. 

This phase vill be conducted by the Nutritional Food Products Section, Nutrition Intervention 
Modelling and Assessneit Division, FNRI. Figure 4 shows the flow sheet for preparation of flour 
from germinated cereai:: and legumes. The weaning food formulations will be prepared from 70:30 
combinations of germinated rice:mungbean (GRM), germinated rice:eowpea (GRC) and germinated 
corn:mungbean (GCM). The gruel will be prepared in various recipes such as plain with sugar and 
flavouring like pandan leaf (Pandanus copleladii Merr.), vanilla or artificial flavour; served with 
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chocolate or as soup with salt and sauteed with ginger. These formulations have been tested for 
flavour, consistency, general acceptability and quality. 

2.2. Phase II - Determination of iron bioavailability 

The test weaning food formulations will be studied in 30 healthy, normal, human subjects 
(males and females) aged 20-39 years with no history of haematological abnormalities or disorders 
Vnown to influence gastrointestinal absorption [13]. A written consent will be obtained from the 
subjects after receiving full explanation of the nature and purpose of the study. The study will be 
approved by the National Health Research Ethics Committee, Philippine Council for Health Research 
and Development. The absorption of iron will be measured using radioisotope extrinsic tag method 
(25.9 kBq for »Fe and 18.5 kBq for MFe) [14]. 

The weaning food formulations will be labelled with two radioiron tracers, "Fe and M Fe and 
fed as folIows:GRM ("Fe), GRC (*Fe), GRC (5 ,Fe), GRM ("Fe), in four consecutive days to take 
into consideration the day-to-day variation in iron absorption. After fourteen days, blood will be 
extracted from the subjects after an overnight fast for radioiron measurement. On the next four days, 
the following formulations will be fedrGCM ("Fe), Reference Dose (5 5Fe), Reference Dose ("Fe), 
GCM (*Fe) and after fourteen days blood will be extracted again from the subjects for radioiron 
measurements [15]. Before the absorption study, blood will be drawn from the subjects for 
determination of initial haemoglobin [16], serum ferritin [17], serum iron [17], TIBC and serum zinc 
[18]. The above determinations will be repeated at the end of the study. Digested blood samples will 
be read in a liquid scintillation counter available at the Philippine Nuclear Research Institute. The 
weaning food formulations will be analyzed for total iron [19], non-heme iron [20], zinc (AAS), 
phytic acid [21], tannic acid [22], ascorbic acid [23] and nitrogen content (Kjeldahl). 

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 
methods. Both methods will make use of wZnCI 2 in 0.1 M HC1 with specific activity of 0.1 to 
0.5 Ci/g Zn. 

2.3.1. In vitro Method 

Food samples will be spiked with "Zn and will be subjected to in vitro enzymatic digestion 
[24]. 

2.3.2. In vivo Method 

The test meals extrinsically labelled with "Zn (0.02 MBq) will be served to healthy volunteers, 
10 for each weaning food; aged 20-39 y, after 12 h of fasting. The absorption of zinc will be 
determined from the measurement of the whole body retention of the isotope 14 days after intake of 
the labelled meal. Serum zinc level will be determined (AAS) to assess the zinc status of the subjects. 
The weaning foods will be analyzed for zinc (AAS). calcium (AAS), phosphorus, phytic acid [21] and 
nitrogen (Kjeldahl). The results will he evaluated using appropriate statistical analyses. 
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Figure 1 
Prevalence of Anemia in Specific 

Population Groups 
Third National Nutrition Survey, 1987 
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40 
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Figure 2 

Percentage distribution of iron in the 
average Filipino diets 
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Figure 3 
Prevalence of abnormal values of Hb, 
EP and EP/Hb in children, 6 months 

to 6 years. 

Age Group 
(in years) 
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Figure 4 

Flowsheet for the preparation of flour 
from germinated cereals and legumes 

Rice seeds Corn Mungbcan Cow pea 

S i I ! 
Flotation Sorting Sorting Sorting 

Soak in water (13 w/v) tor 6 hr 

J 
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 tor mungbean/cowpee 
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. _ „ . „ ! - -

Rice. Mungbean, Cow pea 

L_ 
Corn 

Steairt foe 10 min 

T™ 
Dry at 60-65 C for 10-12 hr 

) 
Roast in 200-g batches over a low fire (9t> C) 

' 3 mm 
MMI 

Flour (60 rncahl 
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ISOTOPE - AIDED STUDIES OF THE BIOAVAILABILITY OF 
IRON AND ZINC FROM HUMAN DIETS CONSUMED IN POLAND 

Henryk Rafalski 

Medical Academy, Department or Hygiene, 
Jaracza 63, 90-251 L6dz, Poland 

SUMMARY 

The main aims of tha study were: 1̂  the evaluation of iron and 
zinc status in women of Lodz aged 18-45 years, 2" adaptation of 
the whole body counter to in vivo measurements absorption of 
iron given to the gastro-intestinal tract of volunteers and 3" 
in rat model estimation iron bioavailability from fortified 
wheat flour combined with products usually consumed in Poland. 
During five months investigations thirty seven women were 
examined each one twice in two months interval. Following 
variables were measured: iron and zinc in blood serum, in pubic 
and scalp hair and in food, taste acuity score, serum ferritin, 
hemoglobin, total iron binding capacity, red blood cells, mean 
corpuscular concentration and corpuscular volume. Prevalence of 
iron deficiency and iron deficient anemia were assessed by two 
models in terms of the depression of serum ferritin and 
hemoglobin concentrations. Serum ferritin has been not used as 
routine indicator in Poland up to now. Food intake for each 
woman was calculated several times by 24-hours recall, food 
frequency technique and questions of food consumption pattern. 
Moreover, women's nutritional status based on anthropometric and 
biochemical indicators was evaluated as well as their 
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social-economical conditions. The iron utilisation in rats was 
investigated with the method of Forbes et.al. The wheat flour 
diets were fortified with 60 mg/kg diet iron from FeSO^^HoO. 

Received results confirmed our early communications 
concerning iron and zinc deficiency prevalence in women in 
Poland. Quantative definition of this phenomen is depending on 
the applied measure of iron and zinc deficiency, and iron 
deficiency anemia. The number of - iron deficient women amounted 
25%; with iron deficiency anemia - 20%. Low levels of zinc 
status were stated in 20% to 68% women dependent respectively on 
serum zinc levels or taste acuity scores. The main factors 
caused the microelements deficit in women were: less than 
recommended iron and zinc intake, low intake of bioavailable 
iron, prolonged blood loss during menstruation. The data 
confirmed the need of iron food fortification in Poland. 

The relationships amongst iron and zinc status indices have 
shown the reliability of their measurements in blood serum, hair 
and food for the recognition of deficiency. Taste acuity score 
may be also helpful in this diagnose. However, the results can 
not be the basis to establish the normal values of serum zinc, 
hair zinc and taste acuity score. The interactions between iron 
and zinc concentrations in blood serum and food intake were 
found; the both ratios were close as 1:1. The body fat related 
to iron intake and serum iron concentrations. 

Whole body counter is ready to study conformable to the plan. 
Experiments done on rats have shown that wheat flour is useful 
to be fortify with iron. The soy been oil content enriched the 
iron utilization from fortified wheat flour. The iron 
utilisation from fortified wheat flour should be verified in 
human being in isotope - aided study. 
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Main aims of Research Project have covered first year of 
study from 1991.01.01 to 1991.12.31: 

1. Honitoring the iron and zinc status, dietary intake, 
hematological indices and nutritional status of a study group 
comprising 30 women. 

2. Preparing the whole body counting method for determining 
iron uptake in selected human subjects. 

3. Preparing for the bioavailability study of iron with 
radioisotopes using the rat as an experimental model. 

In the first year of study it has been done: 

Assessment of dietary intake including energy protein, iron, 
zinc and other macro and micro-nutrients consumed by women. 

Estimation of nutritional status of women with especially 
emphasis on the iron and zinc indices. 

Clinical examinations of health status of women including 
their blood loss indices, health history and social-economical 
conditions. 

Application of whole body counting method for assessment of iron 
bioavailability in volunteers. 

Application of hemoglobin depletion-repletion method performed 
on rats for estimating of iron - fortified food. 

Introduction 

Menstruating women as just as pregnant, infants, children 
and elderly people are the most sensitive part of the whole 
population to iron deficiency in food (1, 2, 3, 4, 5, 6, 7, 8, 
9,10, 11). Possible, great menstrual blood losses particulary 
when women do not use oral contraceptives parallel with 
insufficient iron diet intake can cause iron stores depletion 
up to iron deficiency anemia. 
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However, the greatest prevalence and severity of iron 
deficiency anemia reaches population in developing countries, 
it is also frequently encountered in affluent societies (5, 9, 
10, 11}. The explanation for this phenomenon lies in the poor 
bioavailability of the iron content in ordinary daily diets from 
which absortion of iron are much of the same all over the world. 
Thus, frequency of anemia in given country depends rather on 
planned state policy to fortify food with iron for preventing 
and cure of this disease (5, 8, 9, 13, 15, 16). As it has been 
proved in the countries which used such a policy iron 
fortification is more efficient than iron supplementation to 
solve the problem of mass anemia prevention (5, 8, 9, 14, 17, 
18, 19, 20, 21), The fortification procedures are effective on 
condition that iron compounds and vehicles of fortified food 
(e.g. bread and cereals) are bioavailable enough by human body. 

Bioavailability of food iron (e.g. solubility and absorption) 
depends on physiological status of man, especially on 
physiological status of gastrointestinal tract. Absorption also 
deppnds on kind of iron compounds in food. Dietary iron is 
divided into distinct compartments of heme and nonheme iron 
because of their separate pathways from the lumen to the mucosal 
cell. 
Honheme iron the largest fraction is which presumably enters the 
intestinal mucosa in a reduced ionic state. Assimilation of 
nonheme iron is determined largly by the extent to which it 
remains soluble within the lumen of the upper intestinal tract 
(22, 23). 

Practically, bioavailability of dietary iron depends on the 
concentration of the first form e.g. heme iron in diet. The 
mechanism of absorption of heme iron is different from the one 
described for nonheme iron. Heme iron gains entry to the mucosal 
cell as an intact iron porphyrin complex. It has been suggested 
that heme is taken up by mucosal cells after being released from 
globin by duodenal proteolitic enzymes. The type of meal has 
little or non influence on iron heme absorption because the iron 
remains within the porphyrin complex until assimilated by the 
mucosal cell (22, 23). 
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Absorption of nonheme iron and its two forms: protein iron 
and inorganic iron depend on the proper ratio of inhibitors 
(e.g. methylxanthin ph/> ite, polyphenols, bran, fibres) to 
enhancers (ascorbic acid) in diet. They can influence: inhibite 
or enhance the iron absorption. Thus, bioavailability of iron 
is affected by a lot of physiological and dietary variables, and 
various techniques can be used to quantify those effects. It is 
very difficult to predict availability of food iron because of 
most innibitors and enhancers of meals are unknown. That is 
why, the condition of iron absorption in human being must be 
checked for different kind of foods and meals each time. 

So, the major cause for iron deficiency in humans is the poor 
availability of dietary iron, and not adequate intake and small 
portion of heme iron in food (22, 23, 24, 25). 

Design of the study 

Scientific and technical workers of Department of Hygiene, 
Department of Nuclear Medicine, Medical University and the M. 
Kopernik Hospital Laboratory in Lodz took part in this study. 

The Principal Investigator has appointed following teams for: 
1. Examination of women (clinical examination, biochemical tests 

nutrition status and food intake evaluation) 
2. Radiochemical examination 
3. Estimation of depletion-repletion of iron done on rats 
4. Results control, verification and statistical analysis. 

The teams consist of all eighteen researchers. All they were 
specially trained before starting the study. The heads of the 
teams discussed and prepared: 
1. criteria of choosing of menstruating women 
2. information and agreement formulary for women who accept to 

be involved in the study 
3. specially designed methods and questionnaires to study 

socio-economlcal conditions, food Intake, nutritional and 
clinical status, anc biochemical studies (Questionnaires are 
accessible for request). 

4. control of needful methods and technics involved to perform 
the study. 
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Subjects and methods 

Women selection 

Written informed consent was obtained from each volunteer 
woman. All experimental procedures were approved by the Local 
Commision for Policy on Protection of Human Subjects at Medical 
University of Lodz. The study protocols and all experimental 
procedures were approved by Ethics Committee at Medical 
University in Lodz. 

For the selection of women two criteria of health status 
assessment were applied: 

the first concerned th? confirmation of the examinant 
physician that the woman in healthy and can be included in to 
the study; 

the second was based on informations from questioned woman on 
the following: the selected subject is not suffering from 
infections, parasitic, or blood diseases, any metabolical and 
iron balance disorders; she has not lost blood for any reasons 
other than menstruation; she is neither pregnant nor just after 
delivery: she does not show any pathological symptoms during the 
examination. Thus, other than nutritional reasons of iron 
deficiency could be excluded. Details of performed selection and 
observation of women are presented in Table 1. 

42 women between 18 and 45 years of age were qualified for 
further examinations. They lived in Lodz, worked in one-shift 
(59,5/.), two, or three-shift (40,57.) systems. They employed as 
scientific stuff, laboratory-technical or physical workers 
respectively (40,57.), (57,17.) or (2,47.) at the M, Kopernik 
Hospital Laboratory, textile industrial plant or Department of 
Hygiene, Medical University in Lodz. 

Scheme of women examinations 

Experienced researchers carried out all observations. 
Gathered data were recorded on special questionnaires. 
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Examinations included: 
1. Assessment of 24-hour-recal1 food intake during five 
consecutive days of the whole week and food frequency 
consumption. 
2. Evaluation of nutritional status based on the anthropometric 
and biochemical indicators. 
3. Medical examinations especially in to consideration of iron 
and zinc deficiency symptoms, morbidity and clinical status. 
4. Analysis of iron and zinc concentrations in blood, serum 
and in scalp and pubic hair. 
5. Evaluation of taste acuity for zinc deficiency. 
6. Statement of social-economoical conditions and physical 
activity together with living conditions, occupation, education, 
number of family members etc. 
7. Statement of types and frequencies of any past diseases which 
could result in the occurrence or intensification of symptoms 
associated with anemia. 

Examinations were carried out two times, i.e. at the initial 
and at the final stage of women observations. During five month 
of women observations each subject was examined twice in two 
month interval. The researchers were obliged to collect and to 
record the informations in a uniform way. Each of the two 
control examinations performed during the study was seperately 
documented. The researchers and subjects did not know the 
results of the previous examinations according to double blind 
study demands. The assessment of errors of researchers and 
examined subject were analysed. Data collected during the study 
were verified and standardized for the statistical analysis. 

Dietary intake evaluation 

Food 24-hour recall method, food frequency technic and 
questions of food consumption patterns were applied (26, 27, 
28). The Informations on consumed food were recorded on the 
specially worked out questionnaires, which had been tested 
several times to assess the errors of both the interviewer and 
the subject (29, 30). 
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First, the experienced interviewer recorded informations 
about habitual, daily meals, dishes, nibblings compositions 
eaten by informant woman. The record included the description 
of all different individual foods usual consumed by the subject. 

Second, the individual foods were classified by the 
researcher into 13 groups according to composition and content 
of needful nutrients. 

Third, the information was collected to control the quantity 
of eaten foods in meals, dishes, nibblings. Simultaneously, the 
interviewer checked up informations get during first, second and 
third controls. 

Food frequency technique was used such as a the interviewer 
reported how frequent individual foods or meals were eaton by 
the subject during a specified time limit: e.g. day and weeks. 
The data obtained in a food frequency were used as a complement 
at the quantification of foods and nutrient intake. 

The daily menu, wariety of 'oods, intake of beverage and 
alcohol were also recorded. Beside this, information was 
collected about dietary habits, food sufficiency, constraints to 
obtaining food with likes and dislikes related to foods. 

The interviewer maintained a close interaction with the 
subjects to study carefully dietary regimens. The interviewer 
and subjects did not know the results of the previous 
interviews. Each women under study was questioned about her 
24-hour food intake and food frequency consumption ten times 
from February to June 1991 in every week day during the two 
weeks observation. 

Quantity of daily intake of individual foods 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 receipt. 

Intake of energy, protein, iron, zinc, vitamin C and other 
macro- and micro-nutrients were calculated using Polish Food 
Composition Tables (31, 32) and wastes were excluded. The 
assessment of losses caused by thermic food processing was 
abondoned since it was impossible to calculate them accurately. 
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Anthropometric evaluation 

All anthropometric measurements were done according to the 
methods of Weiner and Lourie (33). They included: body height -
(H, cm) measured with the Martin anthropometer; body weight (V, 
kg) - with medical scales; body circumferences (CF): hip, thigh, 
waist, chest and left arm - with tape measure; skinfold 
thicknesses - 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. The dean value was drown from the three successive 
readings. 

The following indices and ratios were calculated: body mass o index (BHI)=W:H*~; arm muscle circumferences (AHC) : C - S x H 
where: C - arm cimcuferences, S - average thickness of adipose 
tissue on arm measured by skinfolds (34); ratios of body 
circumferences: waist:hip (WHH), waist:thigh (WTR), arm:thigh 
(ATR), hip:thigh (HTR). 

Body fat percent (BF7.) was calculated including sum of four 
skin folds thickness and Siri equation for body density (D) and 
procedure described by Durnin - Vomersley (35): 
BF7. = ̂ - ^ - 4, 50 x 100 body fat distribution and obesity of 

T\ 
1/ 

subjects and their family were observed. 

Medical examination 
Clinical investigations done by the experienced physician 

were performed according to recommedations by Szczeklik (36). 
The record was collected on: health status, morbidity, any past 
diseases, operations, blood losses or drug intake related to 
iron and zinc metabolism. Illness and symptoms were classified 
in accordance with the International Classification of Diseases. 
The symptoms of any disorders of iron and zinc deficiency were 
recorded on the: skin, nails, hair, mucous membranes, digestive 
tract, circulatory and skelelal-muscular system, as in the sense 
organs. 

Detailed information was collected from the women about their 
menarche and menstruation characteristics (together with 
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mother's menstruation characteristics), quantity of blood losses 
number cf pregnancies, deliveries and gynaecological diseases. 

Iron status indicators and hematological indices investigation 

After an overnight fast 30 ml blood from arm vein was taken 
with subjects in the sitting position, at initial and final 
stage. 

Serum and blood were examined for following indicators: 
Serum iron (SI), serum iron-binding capacity (TIBC) were 
determined with colorimetric method based on serum 
deproteinization, reduction of trivalent iron and formation the 
coloured complex with bathrophenantroline; the optical density 
of solutions was measured at the wave length of 535 nm using 
spectrophotometer Specol 211. The precision of method was 5,0/. 
(14, 3T, 38). TIBC determination based on serum transferrin 
saturation; the excess of non-bound iron was eliminated by 
magnesium carbonate absorption. 

Transferrin saturation (TS) with iron was generated from the 
formula: transferrin saturation 7. - PASSES ires x 1 0 0 ( 1 4 # 3 8 j # 

TTPO 

Serum ferritin (SF) concentration was assessed by means of 
immunoassay-enzimic method IH„ Abbot analyzer using Abbot 
Ferrizyme Diagnostic Kit and reading absorbance at 492 nm (39). 

Hemoglobin (Hb) and red blood cells (BBC) were measured using 
the multiparameter hematological analyzer Technicon H-l made in 
the USA. The Technicon Hoi hemoglobin method was the 
modification of the manual cyanomethemoglobin method developed 
by the International Committee for Standarization in Hematology 
(CSH) (6,13). The Technicon Hoi method for counting red blood 
cells (BBC) was the modification of the BBC method employed on 
the Technicon H6000 system (40). 

Hematocrit (Hct), mean corpuscular hemoglobin (HCH), mean 
corpuscular hemoglobin concentration (HCHb) and corpuscular 
volume (HCV) were calculated by Technicon H-l-6000 system (40). 



11 -11 

Serum zinc estimation and taste acuity 

Serum zinc (SZn) concentration was determined by means of 
atomic absorption spectroscopy at wave length of 213,9 nm and 
slight width of 1,0 nm with atomic absorption spectrophotometer 
AAS 1 H Carl Zeiss Jena. The precision of the method was 3, 37.. 

Taste acuity (TAS) testing was based on the evidence that 
the taste acuity is in part mediated by gustin, a zinc dependent 
polypeptide present in saliva and taste buds, and by the 
observation that effects on the sense of taste among the first 
to appear in zinc deficiency. 

Taste was evaluated by the method of Henkin et.al. (41), 
Hambidge'a et.al. (42) by measuring the detection threshold. 

Taste acuity was tested by a three drop forced choice 
dilution technigque. Five concentrations each of HaCl, sucrose, 
urea and HCL, represanting the four basic qualities of taste 
(salt, sweet, bitter and sour) were used. 

Determination of iron and zinc in hair 

Scalp (ScHI) and pubic hair iron (PHI), scalp (ScHZn) and 
pubic hair zinc (PHZn)of women were determined as indicators of 
their iron and zinc status. Scalp hair (50 - 100 mg) were cut 
above the nape of the neck and wet - ashed with HCIO.'HHO,. 

Zinc measurement was performed by flame atomic absorption 
spectroscopy (AAS) at wave length of 213,9 nm and slight width 
of 1,0 nro on a Varian Model - AA 300/400 spectrophotometer. 
Precision of the method was 4,87. 

Iron was determinated by colorimetric procedure with ammonium 
tiocyanate at wave length of 480 nm using spectrophotometer 
Beckman 26. Precision of the method was 4,67.. 

Test of iron fortified food in rats 

The assessment of availability and utilization of iron 
contained in wheat flour with compounds such as: ascorbic acid, 
soybeen oil were carried out on rats using the Fritz and Pla 
method (43,44), as well as Forbes et.al. method (45). The 
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methods are based upon the blood hemoglobin depletion and 
repletion evaluation. The hemoglobin level of 60 g/1 was 
accepted as a threshold criterion of anemia caused by iron 
deficiency (depletion) in rats. The mean value of 165 g/1 within 
an interval 114-192 g/1 was assumed as the normal level 
(repletion). Besides the hemoglobin the following blood indices 
were tested: hematocrit, red blood cells, HCH, HCHC, HCV, 
reticulocyte counts, as well as the weight of animals was 
recorded. 

One hundred thirty eight male Wistar rats 21 days old were 
depleted for four weeks on low iron diet described by Forbes 
et.al. (45). Animals individually housed in stainless cages, 
were fed a low-Fe diet and deionized, distilled water ad libitum 
for 24 h. The low-Fe diet containing 3, 8 rag Fe/kg was verified 
by AAS. This depleted procedure was time consuming at least four 
weeks assay and required a lot of rats. After the depletion 
period the rats were weighed, blood was drown for Hb and other 
blood indices were determinated with method described by (40). 

Fourty rats with Hb values between 50-60 g/1 were selected 
for repletion test. Four groups of ten rats, housed according to 
a randomized block design, received one of four experimental 
diets. 

Diets were prepared by supplementing the low Fe diet with 300 
mg/kg ferrous sulfate heptohydrate (FeSO^*7Hg0) fortifying 150 
g/kg wheat flour. FeSO. as soluble Fe source and wheat flour as 
the vehicle were chosen as fortified food. Host bakery goods and 
cereals consumed in Poland are made of the wheat flours. 

The animals were fed the four Fe - supplemented wheat flour 
diets ad libitum for fourteen days, after which they were 
weighed, blood was drawn, and Hb and other blood indices were 
measured as before. Food intake was recorded throughout the 
repletion period. 

First repleted diet consisted of: 300 mg/kg FeSO. mixed with 
150 g/kg wheat flour, 200 g/kg casein, 50 g/kg soya been oil. 

Second - contained: 300 mg/kg FeS04, 150 g/kg wheat flour, 
200 g/kg casein, 50 g/kg soya been oil, and 1500 mg/kg ascorbic 
acid. 
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Third - included: 300 rag/kg FeSO^, 150 g/kg wheat flour, 200 
g/kg casein, 1500 rag/kg ascorbic acid. 

Fourth - comprised: 300 mg/kg FeSO^ 150 g/kg wheat flour 
only. 

All four repleted diets were complemented up to 1 kg with 684 
g/kg glucose and other compounds as it was described by Forbes 
et.al. (44). The main purpose of the study was to check the 
influence of Fe fortified wheat flour on repletion of Hb and 
other blood indices of rats. 

Results 

Women examination 

The social characteristics of observed women are illustrated 
in Table 2. 

Although fourty two women were involved in the study, finally, 
thirty seven subjects have been chosen for whom full data have 
been acquired two times during the observations. The other five 
women had incomplete information of necessary variables of blood 
measurements. 

For thirty seven women the values of iron variables and 
hematological indices, did not differ significantly between the 
initial and the final observations in two month interval. Thus, 
the values of two observations were sumed up and the mean has 
been drawn out for each subject. 

Women iron status 

Diagnosis of iron deficiency was based on the identification 
of iron status indices in relationship to body iron stores 
worked out by Cook and Finch (4,46). Iron depletion stage was 
defined by serum ferritin level less than 12 jkg/1 (4,46,47,48). 
Iron deficient erythropoesis was Identified by SF<12 »kg/l and 
transferrin saturation level below 16 percent (4,46,47,48). Iron 
deficiency anemia was ascertained by hemoglobin level less than 
12 g/dl and corresponding values of HCH and HCV (4,46,47,48). 
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The results of iron status in the 37 women aged 18-45 years 
as a sample of Lodz town population are given in Table 3. The 
mean SF and TS as well as the average Hb and Hct were rather 
low. 

The degree of biological variability within women for the 
iron indices was exhibited a marked individual variance in 
comparison with the hematological factors. The greatest degree 
of variance were stated for indices of SF, TS and SI. The degree 
of hematological factor variability was two or more times less 
than it was for iron indices. The variances among hematological 
factors were approximatly the same. 

The two sets of the relationship between iron status results 
and hematological values of women are presented in Table 4, 5. 

The first relation was depended on the distribution of serum 
ferritin concentrations, the second one was set according to 
hemoglobin concentrations. 

Table 4 summaries the serum ferritin mean for the subject 
group, whose value was below 12 |»g/l, it was corresponding to 
their low averages of other iron and hematological indices. 
Those average results were close to their cut off points to 
state iron deficiency as if it was cut by the serum ferritin 
point. 

In the case of hemoglobin concentration groups (Table 5) the 
subjects with Hb concentration below 12 g/dl shown abnormal 
average results of their hematological and iron indices. Those 
averages were close to cut off points to diagnose iron 
deficiency anemia as if it was cut by the hemoglobin point. Only 
subjects belonging to the group with Hb concentration above 13 
g/dl expressed normally high average levels of hematological and 
iron results. 

Linear correlation coefficients among the various parameters 
of iron and hematological status of women are listed in Table 6. 
Highly significant and very similar correlation coefficients 
were observed among all three iron status factors and the same 
significancy was among all four hematological parameters. 
When the iron and hematological parameters were combined to each 
other, the Hb and HCH values correlated with SF, SI and TS 
levels, and Hct values were related to SI levels, only. There 
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were non-correlations among HCV levels and iron status 
parameters as well as non-relations were observed among iron and 
hematological paramets and hair iron levels, with the exception 
of Hb values. 

When various criteria for the prevalence of Fe - deficiency 
and Fe - deficiency anemia were compared (Table T) it was 
apparent that the prevalence of both diagnosis of deficiency, 
as defined by single criterion was less than the prevalence 
defined by multiple criteria. 

Appearance of Fe - deficiency in women were higher when 
determined by SF rather than with SI or with TS. Fe - deficiency 
anemia in subjects was higher as defined by Hb than the 
prevalence determined by HCV and HCH criterion. 

The prevalence of Fe - deficiency in women was rather high 
(24*/.) as defined by SF and it was much higher (55*/.) as 
determined by multiple criteria. The prevalence of Fe 
deficiency anemia in subjects also was rather high (19/.) as 
defined by Hb and it was even higher (32Z) as determined by 
multiple criteria (Table T). 

Iron statu3, and menstruation characteristics and illness 
symptoms 

Table 8 illustrates that Fe - deficient women shown some 
tendency of more menstrual bleeding days and symptoms number 
than the normal subjects. This was proved by the correlation 
coefficient for iron indices and bleeding days. Prolonged 
menstrual bleeding was responsoble for abnormal loss of iron in 
the women. The menstrual bleeding days of women negatively 
correlated with the TS and SI levels. The menstrual bleeding 
days also correlated negatively with the body mass index, sum of 
four skinfolds and chest circumference results as seen in 
Table 9. Some serum iron and hematological Indices of women 
correlated positively with some anthropometric measurements. 
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Women's food intake, their iron status and anthropometric 
measurements 

There was no significant difference between the woien with 
normal iron status parameters and the subjects with the Fe -
deficient factors in terms of their daily food and nutrient 
intake. Thus the results were sumed up for the both groups in 
the table 10 as the mean values. 

The women consumed more eggs, meats and fish, butter, that 
the B norm as proposed by the Rational Food and Hutrition 
Institute (49). They consumed fruits and vegetables much less 
quantities than the food norm reconmendeds. Particularly the 
intake of vitamin C food was low. The degree of food intake 
variability within women was rather high in turn: sugar and 
sweets, fruits and vegetables, butter and other fats, milk and 
dairy products. 

The women consumed meats and fish food which contained native 
heme iron, as well as food which contained non-herae iron, such 
as milk, dairy products eggs and grains, fruits, vegetables. 
Nearly one third of all the consumed iron came from meats, fish 
and some part of it might be in the form of heme iron while more 
than two thirds was supplied by food which consisted of other 
iron compounds. Mean amount of iron and zinc supplied in the 
1000 calories portions were 5, 7 mg and 5,3 mg, respectively for 
all women; it shown not high density of iron and zinc in food. 
Thus, the ratio between them was nearly one to one (1:0,9). 

Table 11 demonstrates some macro- and micro-nutrients intake 
of women. As can be seen, that the women consumed, on the 
avarage, less total calories, carbohydrates and * »-on than it was 
recommended, whereas their fat intake was in excess. 

The high correlation coefficients were found to be present 
between the total energy intake and: total protein, animal 
protein, Iron and vitamin C intake of women (Table 12). 

There was not significant correlation calculated among iron 
and hematological indices values and intake of food iron. But, 
there was significant correlation (r=0,25, p<0,01) between the 
intake of food iron and the sum of four skinfolds as well as 
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between the iron intake and body aass index values of woaen 
(r=0, 27, p<0, 01). 

The results of nutritional status Measured by anthropometric 
indices of all 37 women is shcwd in Table 13. As can be seen 
from the table, the majority of women were slim and their fat 
content was rather normal. The degree of biological variability 
within women for anthropometric indices was exhibited a marked 
individual variance in turn: sum of four skinfolds, body fat /, 
weight, body mass index, and arm circumference. 

Table 14 contains the correlation coefficients as calculated 
for the particular anthropometric measurements of women. The 
body mass index, circumferences of chest, waist and arm, the 
ratios of waist to hip and arm to thigh and the sum of four 
skinfolds highly correlated aaongst themselves . The results 
shown, that the shorter the woaen were, the lower was their body 
weight - but with that the greater their amount of subcutaneous 
fat. 

The results of some anthropometric indices correlated 
positively with the age of the women and some indices of their 
iron status: SF, TS, RBC correlated negatively with respect to 
their age (Table 14). With increasing age of the woaen there was 
an increase of the above anthropometric indices as well as a 
decrease of above iron and hematological variables. These 
changes were most probably due to the gaining of weight and fat 
in respect to the age and due to the increasing cumulative blood 
losses followed by women age. 

Recapitulation of correlations 

The results of observed women shown that there is the cause -
effect relationship amongst the menstrual blood losses, the 
amount of iron intake and iron status, hematological indices and 
anthropometric measurements. Especially, it is interesting to 
find the positive relationship in the women body between values 
of the iron status indices and the body fat amount. 

The analyses of significant correlation shown, that the serum 
ferritin values interacted with the serum iron, transferrin 
saturation, hemoglobin, hematocrit, HCH, and HCV levels. 
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The serum iron and transferrin saturation levels related Hb, 
Hct, HCH, HCV, and the serum zinc values. 

The hemoglobin and hematocrit values asscociated with the 
HCH, HCV, scalp hair iron, chest circumference, body mass index 
levels as well as the sum of four skinfolds. 

The iron intake levels correlated with the energy, protein, 
ascorbic acid and zinc intakes as well as body mass index and 
sum of four skinfolds walues in women. 

The menstrual bleeding days negatively correlated with the 
serum iron and transferrin saturation levels as well as the body 
mass index, sum of four skinfolds and chest circumference values 
in women. 

Women zinc status 

The identification of zinc status was based on following 
indicators: serum zinc (SZn), scalp hair zinc(ScHZn), pubic hair 
zinc(PHZn) and weekness of taste acuity score (TAS). 

The relationships amongst zinc intake, serum zinc, zinc in 
pubic and scalp hair and taste acuity score ilustrate figures 
1-4. 

The results of zinc status in the 37 women aged 18 - 45 years 
are given in Table 15. As can be showd the mean values of serum 
zinc were rather normal. Hair zinc levels and taste acuity 
scores have a limited value because we did not find the proper 
targets to compare obtained results with them. 

The degree of biological variability within women for zinc 
indices exhibited a similar individual normal variances with the 
exception of the taste acuity scores, that variance was very 
high. 

When various indicators for estimating of the prevalence of 
low zinc levels were compared (Table 16) it was stated that 
amongst 37 women the low level of zinc was indicated by 8 
subjects (SOX) in agreement with serum zinc criterion less than 
80 |»g/dl. But, the women number with two other indices: low 
taste acuity score (>3) or low zinc intake (<10 rag/day) did not 
follow the level distribution of serum zinc in women; it was 
about 70 and 55'/. respectively. 
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For all that, the significant correlations were calculated 
amongst the serum zinc values and pubic hair zinc levels (r=0,30 
p<0,05) and taste acuity scores (r=0,29 p<0,05). 

For IE persons with no hair treatments only the correlation 
between scalp hair zinc and pubic hair zinc was high (r=0,83 
p<0,05). 

Iron - zinc interaction in women 

The results of interaction between zinc and iron index values 
in women are placed in Table IT. The mean values of zinc indices 
and iron indicators did not follow by the distribution of mean 
serum zinc levels. The low serum zinc concentrations were not 
attended by the low levels of other zinc and iron indices. The 
increase of serum zinc levels was not accompanied by the rise of 
other index values. 

Nevertheless, the individual values of subjects' serum zinc 
correlated significantly with their serum iron levels and taste 
acuity scores. The taste acuity scores corresponded with the 
serum iron and iron intake values, the intake of iron related 
with the zinc intake. The interactions between of taste acuity 
and iron indices were more distinct than the relation between 
ta?te acuity and zinc indices in women. 

The relation amongst the serum zinc values and the serum 
ferritin, transferrin saturation and selected hematological 
indices levels are presented in Table 18. The relation was 
depended on the distribution of serum zinc concentrations. The 
low serum zinc values did not correspond to the low levels of 
other indicators. In the case of serum zinc concentrations the 
subjects with SZn below 80 j*g/dl showed significantly the 
highest SF values as well as rather normal other indicators 
levels. 

The significant (p<0,01} correlation coefficients were 
observed among the serum zinc and transferrin saturation and HCV 
levels. When the SF and TS and hematological parameters were 
combined to each other, the SF and ST values correlated with Hb, 
and HCV, and TS levels were related to Hct values, as well. The 
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highest coefficient (0,83) was stated between Hb and Hct values 
in women. 

Women's food intake and their zinc status and anthropometric 
measurements 

Table 19 summaries the intake of zinc and total protein as 
well as selected anthropometric indices depending on the serum 
zinc concentrations in women. The mean intake values and the 
mean anthropometric measurements did not follow by the 
distribution of serum zinc concentrations. Nearly, half of all 
the consumed zinc came from meat, fish, eggs and dairy products 
the other half was supplied by plant foods. 

Table contains the correlation coefficients as calculated 
amongst individual values of SZn, InZn, InP, BHI, ZSF in 
subjects. The serum zinc levels did not interact with intake 
values and anthropometric indices. The zinc intake highly 
correlated with the protein intakes as well as BHI, ZSF and iron 
intake by women. The protein and iron intakes to as well as body 
mas index and sum of four skinfolds significantly correlated 
amongst themselves. One can say that it was the association 
between zinc intake levels and stature of examined women. The 
correlation coefficients amongst protein intake and body mass 
index and sum of four skinfolds values in women showed, that the 
higher protein intake, the lower was their body mass index and 
the lower their amount of subcutaneous fat. 

The analyses of significant correlation showed, that the 
serum zinc values related to the taste acuity, pubic hair zinc, 
serum iron transferrin saturation and HCV levels. The zinc 
intakes interacted to iron and protein intakes and scalp hair 
iron, boody mass index, sum of four skinfolds ao well. Taste 
acuity score assciated with the serum zinc, serum iron levels 
and iron intakes by examined women. 

Discussion 

Women iron status 

Among 37 women aged 18 - 45 years selected to study as a 
sample oi town Lodz healthy women almost 257. showed iron 
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deficiency and nearly 207. indicated iron deficiency anemia 
stated on the criteria of serum ferritin and hemoglobin cut off 
levels. 

The number of examined women with iron deficiency and iron 
deficiency anemia may not seen to be too high in comparison with 
the data of other polish autors (7,14,19,52,53,54,55,56). 
Depending upon different cut off values for hemoglobin to 
diagnose the iron deficiency anemia below 10 or 11 or 12 g/dl, 
the anemia frequency in polish women ranged from 2'/. to 58/. with 
the mean equal to 25 percent (7). 

The evaluation of iron deficiency in polish women was more 
dificult task because two data were only found to compare with 
our subject results based on serum ferritin criterion (55,56). 
Kirschner et.al. (55,56) expressed the percentage of iron 
deficient women as high as we stated in our subjects, it was 
nearly from 25 to 357. as diagnosed by the serum ferritin value 
below 12 |»g/l. 

Our results have shown that in general every third woman 
intake included less iron than there was recommended for 
organism's requirement (2,8); their iron intake was below 10 mg 
per person per day. The mean iron intake among investigated 
women was aproxiraately 11 mg per day, that was still less than 
the recommendation covered. More than two thirds of iron 
consumed was supplied by food which consisted non-hem iron. The 
latter was poorly absorbable source. 

It is right to say that without common intake of the 
accessory iron and well absorbed iron, the iron deficiency and 
anemia could not be efficaciously prevented. It is worthy to 
note that even in such a small group of examined women, the 
essential differences appeared in iron intake and in elements 
connected with its metabolism. 

The analysis of character of menstruation among examined 
women confirmed the fact previously stated by us (14,54,57) and 
by Kirschner (52,55) that the amount of menstrual blood loss was 
the most essential factor in differentation of the requirement 
of subjects for iron and influencing indirectly the probability 
of incidence (prevalence) of iron deficiency and anemia among 
them. 
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It appeared that most specially exposed to anemia were the 
women with prolonged heavy blood loss and this fact is 
inheritant what is consistent with our previous observations 
(14,57). Unfortunately, the amounts of menstruation were 
estimated by us only qualitatively however these data allowed 
with great probability to evaluate the risk of anemia prevalence 
in a particular woman. 

The iron deficiency and iron deficiency anemia in 
reproductive age women were caused at least by two main factors: 
the low intake of bioavailable iron and prolonged heavy blood 
loss during menstruation. 

However, we did not find significant correlation amongst the 
serum iron and hematological values and iron food intake as we 
found in previous observations (14,58). But we recorded 
significant positive correlations among the serum iron and 
hematological blood values and body stature of examined women. 
The better iron and hematological values in blood women were the 
larger stature they usually exhibited. The higher iron stores in 
stout women might partly be related to dietary calories intake 
as suggested by the strong relationship among iron and calories, 
protein, ascorbic acid and zinc intakes which was stated before 
(14,58). 

Women zinc status 

Among 37 examined women aged 18 - 45 year almost 227. showed 
low serum zinc levels, nearly 707. indicated impairment of taste 
acuity score and 557. demonstrated low zinc intakes. 

The prevalence of low zinc status in examined women was 
mostly based on the low serum zinc values. The scalp and pubic 
zinc levels and impairment of taste acuity score could hardly be 
used as indicators for zinc status diagnosis because there was 
not available targets for them. None of these applied indices 
were definitive indicators of zinc nutritional status. Low serum 
zinc values usually reflect depletion or redistribution of body 
zinc, but normal values did not exclude deficiency in women 
(Sandstead 50). 
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The selecting cut off below 80 jtg/dl of low serum zinc for 
the fasting blood sample was higher than the cut off level of 70 
l*g/dl recommended by the Expert Scientific Working Group (ESWG, 
51). One can say that low serum zinc value which was chosen by 
us for the cut off level did not necessarily imp lay a state of 
zinc deficiency. This low value which we have chosen could 
altered to the possibility of zinc deficiency and it may be 
considered with respect to low dietary intake in examined women. 

The number of examined women with low serum zinc values were 
close to the quantity of subjects stated in only two papers of 
other polish authors (59, 60). The mean values of serum zinc of 
examined women was rather lower than the results of subjects 
which were determined by the quote polish authors. But, the 
serum zinc mean of examined women was as high as the mean of 
american women described by HHAHES II (51). 

The hair zinc analysis both scalp and pubic levels gave 
results that were difficult to interpret reliably. Values which 
were obtained for e' ~ lined women in scalp hair were close to 
levels determined by other polish authors (59, 60). But, the 
results of pubic hair were lower than the values stated for the 
scalp hair of women. 

The taste acuity scores significantly correlated with serum 
zinc and intake of zinc in examined women, but it was difficult 
to find the threshold for normal and abnormal taste acuity 
scores. Thus, even the test was sensitive one could not use it, 
because at first the threshold of normal scores should be worked 
out. 

The results of zinc intakes of examined women showed that 
nearly two third subjects consumed less zinc than there was 
recommended for organism's requirement (61). Their zinc intakes 
were below 9 mg per person per day, it was far below 15 mg as 
recommended by Sandstead (61). The zinc which came from ra°at, 
poultry, fish and dairy products consisted of only 50 percent in 
daily intake of examined women. The animal food zinc was the 
best source of the element and it possessed the greatest 
bioavailability in human being (61). The mean of zinc intake of 
examined women was less than the results obtained by other 
polish authors (58, 60). The data suggested that some subjects -
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of examined women had a significant risk of marginal or mildly 
deficient zinc nutriture. This suggestion was supported by other 
low zinc levels determined by the hair zinc indices and 
impairment of taste acuity in examined women. This could be 
confirmed by the significant relationship amongst the levels of 
serum zinc, hair zinc, taste acuity scores and the zinc and 
protein intakes in examined women. 

One possible interpretation of negative correlation among the 
zinc intakes and some anthropometric measurements was the 
existence of strong relationship among protein and zinc contents 
in food intakes of examined women. Intakes of zinc took part in 
the negative connection among protein intakes and such 
anthropometric indices as weight, body mass index, sum of four 
skinfold values. One can say that there was also an indirect 
fact which supported the relation between protein and zinc 
combinations in food and subject's body, as well. However, serum 
zinc levels did not quite reflect changes in dietary zinc intake 
or distributions in whole - body zinc. Serum zinc seemed to fall 
evidently when the dietary intake was below 5 - 6 mg per day for 
some time. We found only two subjects with this low zinc intake. 

Among examined women zinc intakes were mainly related to 
protein intakes and body mass index which could be used as an 
indicator of body protein. The mechanisms by which protein 
intakes influence the requirement for zinc were not defined 
(61). 

Iron - zinc interaction in women 

Results obtained in our obserwations suggested some stages of 
interactions among iron and zinc in subject's body and food 
intake. We found the positively connection between the serum 
zinc and iron indices values such as serum iron, transferrin 
saturation, red body cell, mean corpuscular voluro levels in 
women blood. There was not interrelated tendency between serum 
zinc and serum ferritin, hemoglobin and hematocrit levels. The 
ratio in examined women blood between the means of serum iron 
and serum zinc was 1:0,98 (91 j»g/dl to 89 j*g/dl) and this 
relation was rather normal and positive. However, some authors 
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reported that zinc and iron may also be to a competitive 
situation in blood, because transferrin is of importance for 
transport for both iron and zinc (62). When the ratios between 
these two elements became of extremely wide: 2 : 1 and 3 : 1 
these ratios reduced the uptake of zinc in a serum appearance 
absorption test (62, 63, 64). Thus, the intensity of the iron: 
zinc interaction in blood appeared to be influenced by the iron 
status of the human subject (63, 64). But, in examined women we 
did not indicate such disparity between iron and zinc contents 
in blood and in food intake. The examined women diets had a 
similar 1 1 ratio between iron and zinc means and much of them 
came from the same foods. These interactions were confirmed by 
means of the significant positive correlation between iron and 
zinc in serum and iron and zinc in food intake. Hore facts about 
relationship these two elements were supplied by the positive 
significant connection amongst taste acuity scores and values of 
serum iron and zinc as well as iron intakes. Both these elements 
intakes negatively correlated in similar way with weight, body 
mass index, sum of four skinfold values in examined women. One 
can say that we stated rather the balance between iron and zinc 
indices values in blood, in body as well as in food intakes of 
examined women. 

Application of whole body counting for assessment of iron 
absorption in the gastro - intestinal tract 

In the period of reporting a whole body counter at the 
Department of Huclear Medicine, Medical University of Lodz, was 
adopted for purposes of iron absorption measurements after oral 
administration of tracer amounts of *"Fe. Previously, the 
counter, consisting of a heavy, full-angle shield of steel (20 
cm thickness; internal dimensions of 190 x 120 cm) and 
gamma-spectral scintillation detector with multichannel 
analyser, had been equipped with 1 ra-arc chair, with a 
posibllity also to use standard (45 cm) - chair counting 
geometry. As these geometries are very sensitive to spatial 
distribution of radioactice tracers in the body, a new 
installation was designed and constructed, enabling whole body 
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regulated linear scanning of a patient in supine and prone 
position (scheme - fig. 5). There are three linear scanning 
speeds that permit 140 cm shift of the detector in 1, 10, 20 and 
30 minutes. The distance of the Ha I(TI) crystal face to the 
surface of the stretcher is 50 cm and to "midline" of the body 
approx. 35 cm. This distance may be modified but was ad interim 
selected on basis of previous experience as a reasonable 
compromise between sensitivity and response to the nonunifortuity 
of spatial distribution of a tracer. 

During reconstruction of the whole body counter an old 
scintillation detector was exchanged for a new one (crystal 5x2 
inches), with improved sensitivity and spectral resolution. The 
detector is coupled with a linear amplifier and feeds pulses 
into a computerised 1024 channel pulse height analyser. 
Essential parameters of the system are as follows. 

117 
Spectral resolution (**"Cs) - 7,5 per cent (fig 6), 

1 J7 
nonstability: less than 2 per cent 24 h for *°'Cs gamma line, 
nonlinearity (100 - TOO KeV) < 3,9 per cent: linearity of 

A 

countrate vs. activity: up to 2xl0T cps. Sensivity of detection 
1 77 

(108 kBg of **"Cs point source, normalised to 2 angle): 61 per 
cent. 

The system will be used in the second half of 1991 for 
estimation of spatial sensitivity of detection (phantom) and in 
vivo raeasurments of iron absorption in few volunteers to select 
optimum scanning time, scannin distance and the levels of 
activity toadministered in the experiments proper. It is 
expected the a small fraction of a HBg will suffice for 

KO 
determination of J'Fe absorption (fraction of administered 
activity absorbed in the G.I tract). The measurraents will be 
made in prone and supine position, and geometrical mean taken as 
the final result. 
Assessment of iron utilization from fortified wheat flour in rat 
model 

The wheat flour, which is used for bakery goods was enriched 
with 80 m g o£ iron came from 300 rag FeS04. THg0/kg. The iron 
utilization from four diet of fortified wheat flour and selected 
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ingredients was investigated. The composition of basic diet 
described by Forbes et.al. (45) is placed in table 20. The 
results of weight gain and hemoglobin increase in rat fed by 
four fortified diets for two week repletion time are presented 
in table 21. 

Three of the four fortified diets contained iron, wheat 
flour, casein or soya been oil or ascorbic acid, while the 
fourth wheat flour was supplemented only with iron. As can be 
seen the body weight gain of rats kept on the fortified diet 
with soya been oil was higher than it was on the fortified diet 
with ascorbic acid. Bats fed by only fortified wheat flour diet 
lost their body weight instead of weight gain during two weeks' 
repletion time. The highest weight gain of rats was stated on 
the diet contained: iron, wheat flour, casein, soya been oil and 
ascorbic acid. 

The highest Hb increase in blood rats after two weeks' 
repletion took place on the diet combined fortified wheat flour 
casein with soya been oil and ascorbic acid, as well. High 
increase of Hb was also observed in blood rats kept on the 
fortified wheat flour alone, than in turn by the fortified wheat 
flour, casein with soya been oil, finally by the fortified wheat 
flour, casein with ascorbic acid. 

The double increase of Hb levels in blood rats fed by the 
fortifie-* wheat flour alone was happened in spate of the loss of 
rat weight. Thus, it means that the utilization of iron in rats 
took place independetly apart the body weight development. The 
iron utilization on the fortified wheat flour alone was even 
higher than it was stated on both casein diets completed with 
soya been oil or ascorbic acid. The latter complement of 
fortified wheat flour did not help very much for the iron 
utilization to compare with the Hb increase that was done by the 
fortified wheat flour alone. 

The table 22 demonstrates the results of indices: Hct, HCV, 
and reticulocyte counts in blood rats fed by four fortified 
diets. Again, the increase of all hematological indices fol loved 
by the some order as the Hb increase pattern as if it was 
expected. The increase of hematological values in blood rats 
kept on the fortified wheat flour alone took the second place 
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amongst the four supplemented diets. One can say that all tested 
hematological indicators were repleted significantly by the 
fortified wheat flour with 60 mg of iron per kg diet. The 
repletion of hematological indices which were obtained on the 
fortified wheat flour alone took place in spate of the rat 
weight loss. 

Mean hemoglobin value in blood rats, which gained Hb from the 
diet of fortified wheat flour joined with casein, ascorbic acid 
and soya been oil was determined as the 100 percent of iron 
utilization. The former was used as the target (reference) 
utilization to compare with the degree of iron assimilation from 
the remainder three fortified diets. 

The table 23 presents the results of the relative utilization 
values of iron obtained from the comparison of four tested 
diets. As can be shown the excluding of ascorbic acid from the 
target diet caused the droping of the iron utilization about 30 
percent. The cutoff of soya been oil from the reference diet 
decreased the iron utilization much deeper about 47 percent than 
it was done by the take avay of ascorbic acid. On the contrary, 
the exclusion of casein, ascorbic acid as well as soya been oil 
from the target diet at which only fortified wheat flour left 
reduced the least percent (16) of iron utilization in tested 
rats. 

Results of biological testing confirmed the proved 
relationship between the hematological indices levels in blood 
rats, and the iron contents of fortified wheat flour in tested 
diets. High, significant utilization of iron in the form of 
ferrous sulphate which constituted the component of fortified 
wheat flour was still higher when consumed with casein, soya 
been oil and ascorbic acid all together as compared to these 
types of fortified wheat flour which contained casein, and soya 
been oil or casein and ascorbic acid. Iron contained in the 
fortified wheat flour made the iron deficiency anemia indicators 
vanish in the rats previously depleted, and caused the remakable 
increase of blood hematological indices. 
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Conclusions 

The use of two different model to asses the prevalence of 
impaired iron status indicated fairly high incidens. Hearly 257. 
of subjects showed iron deficiency and about 207. of them 
exhibited iron deficiency anemia in examined women aged 18 - 45 
years. 
Every third woman intake included less iron than there was 
recommended for their requirement. Their iron intake was below 
10 mg per day. 
The most specially exposed to anemia were the women with 
prolonged heavy menstrual blood loss and this factor is rather 
inheritant. 
Two main factors caused iron deficiency anemia were: the low 
intake of bioavailable iron and prolonged heavy blood loss 
during menstruation. 
The low serum zinc, value of taste acuity scores and hair zinc 
levels were used to assess the prevalance of insufficient zinc 
status in women. About SO'/, of subjects pointed out low serum 
zinc, nearly 687. of them showed high deterioration of taste 
acuity. 
Nearly two third women consumed less zinc than there was 
recommended for their requirement. Their zinc intake was below 
9-10 mg per day. 
The interactions between iron and zinc values were found in 
blood women and their food intakes. The ratio between iron and 
zinc in serum and in food intake were similar it was close 1:1, 
respectively. 
The positive correlation were calculated amongst serum zinc and 
serum iron transferrin saturation and red blood cell values and 
zinc as well as iron levels in food intake. 
The serum iron levels positively correlated with sum of four 
skinfolds, iron and zinc intake negatively with sum of four 
skinfolds and zinc intake also negatively with body mass index. 
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High significant utilization of iron in the form of ferrous 
sulphate which constitued the component of fortified wheat flour 
was confirmed in rat model. One of the highest utilization of 
iron was obtained from fortified wheat flour combined with soya 
been oil. 
In order to know reliable prevalance of iron and zinc deficiency 
in population one have to estimate both the bioavailability of 
iron and zinc and the nutritional status in human being. 
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Table 1 

Selection and number of women under observation 
30 healthy women aged 18-45 

The first examinations according 
to undertaken criteria 

150 women 

The allowance of the observation 

50 women 

The full observations in the first 
stage of study: February-March 1991 

The full observations in second stage 
of study: April - May 1991 

Assessment of indices has 
been done on: 

42 women 
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Table 2 

Social characteristics of observed women 

Characteristic Value 

Number of women 42 

Age, years 

Children, number 

range 
mean 
SD 
range 
mean 

18 - 44 
32,7 
6,8 

0 - 2 
1 

Education, /. of women 

Profession, 7. of women 

primary 11 
secondary 53 
high school 36 

technician 70 
scientific staff 30 
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Table 3 

Measurement of iron indices and hematological indices 
in 37 women aged 1 8 - 4 5 years. Mean values were 
calculated from initial and final investigations; 
total 74 measurements 

Indices Mean SD 
Range 

min max V7. 

Serum ferritin ,ug/l 20, 6 14,2 2,2 68, 7 68,9 
Serum iron /Ug/1 91, 2 33,0 20, 0 160, 0 36,2 
Total iron biding 
capacity /Ug/1 345, 9 42,5 253, 0 420,0 12, 3 
Transferrin mg/dl 271, 6 61, 9 140,0 400,0 22, 8 
Transferrin 
saturation 7. 27,9 12, 9 4,7 60, 0 46, 5 
Hemoglobin g/dl 12, 9 0, 8 10, 8 14,7 6,9 
Mean corpuscular 
hemoglobin Pg 28, 7 1,9 21, 8 31, 5 6, 8 
Bed blood cell T/l 4,5 0, 3 3,9 5, 5 6, 8 
Hematocrit 7. 39, 8 2,2 33, 7 43, 6 5,6 
Mean corpuscular 
volume fl 88, 1 3,9 74, 4 94, 1 4,5 
Scalp hair iron rag/g 38,2 13,5 26, 1 83, 2 35, 3 



Table 4 

The relationship amongst iron indices and hemoglobin and hematocrit values in 3? women aged 18-45 years, 
depending on the serum ferritin concentration 

Item Number Serum ferritin Transferrin Serum iron Transferrin Scalp hair Hemoglobin Hematocrit 
n /Ug/1 mg/dl ^ug/dl saturation iron g/dl '/. 

/. mg/g 

1 9 x 4, 5 325 64 17 37 12,2 39 
SD 2, 4 50 33 9 9 1,0 2 

Range 8,8-10,5 250-400 20-115 4-31 27-56 10,8-13,9 33-43 

2 11 X 16,5 260 90 27 33 12,9 39 
SD 2, 5 49 20 6 7 0, 7 2 

Range 13,1-19,9 172-350 59-134 19-39 26-51 11,8-13,5 36-42 

3 17 x 32,5 248 102 32 36 13,2 39 
SD 12,5 61 29 10 9 0,8 2 

Range 20,4-68,7 140-391 77-166 10-56 24-59 11,9-14,7 36-43 

Statistically 
significant 1-2 p<0,001 1-2 p<0,001 1-2 p<0,01 1-2 p<0,001 1-2 p<0,01 1-3 p<0,05 
differences 1-3 p<0,001 1-3 p<0,001 1-3 p<0,001 1-3 p<0,001 1-3 p<0,01 1-3 p<0,001 
for 74 2-3 p<0,001 2-3 p<0,05 
measurements 



Table 5 

The relationship between hematological Indices and iron Indices In 37 women aged 18-45 years, 
depending on the hemoglobin concentration 

Item dumber Hemoglobin 
g/dl 

Hematocrit 
7. 

Mean 
corpuscular 
volume 

f 1 

Mean 
corpuscular 
hemoglobin 

Serum 
ferritin 

Transferrin 
saturation 

7. 

Serum 
1 ron 
»»g/dl 

Scalp hair 
1 ron 
rag/g 

x 11, 6 3? 
SO 0, 4 8 

Range 10,8-11,9 33-40 

85 
3 

T9-91 

8T 
8 

83-30 

1 1 
8 

2-84 

15 

8-85 

58 33 
25 4 

30-108 8T-38 

x 18,6 38 
11 SD 0, 3 1 

Range 18,0-18,9 37-41 

86 
5 

74-93 

88 
8 

81-31 

81 86 89 37 
11 10 31 9 
8-89 4-39 20-134 89-56 

x 13,6 41 
19 SD 0, 5 1 

Range 13,0-14,7 39-44 

89 
3 

83-94 

29 
1 

87-38 

24 31 108 41 
16 9 85 17 
3-69 17-56 60-160 86-83 

Statistically 1-8 p<0,001 1-8 p<0,01 1-3 p<0,001 1-3 p<0,001 
significant 1-3 p<0, 001 1-3 p<0,001 8-3 P<0,05 8-3 p<0,05 
differences 2-3 p<0,001 2-3 p<0,001 
for 74 
measurements 

1-8 p<0,01 1-8 p<0,001 1-8 p<0,01 1-3 p<0, 
1-3 p<0,01 1-3 p<0,001 1-3 P<0,001 



Table 6 

Linear correlation caefficient (r) for iron indices and hematological Indices in 37 women 
aged 18-45 years, r values is significant p < 0,01, for 74 measurements 

Indices SF SI TS Tr Hb Hct HCH HCV ScHI 

SF X o, 5e 0, 55 - 0, 57 - 0, 48 -
SI 0, 52 X 0, 90 -0, 48 0, 58 0, 32 0, 58 0, 41 
TS 0, 55 0, 90 X -0, 45 0, 57 - 0, 48 0, 43 
Tr - -0, 48 -0, 45 X -0, 34 - -0, 44 -
Hb 0, 57 0, 58 0, 57 -0, 34 X 0, 85 0, 58 0, 40 
Hct - 0, 32 - - 0, 85 X - 0, 49 
HCH 0, 48 0, 58 0, 57 -0, 44 0, 58 - X 0, 83 
HCV - 0, 41 0, 43 -0, 44 0, 40 0, 49 0, 89 X 
ScHI - - - - 0, 30 - - -

0, 30 

- no significant correlation 
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Table 7 

Prevalence of iron deficiency in 37 women aged 18-45 years 

Diagnosis - criteria Humber Percent 

Fe - deficiency 
Single criterion 

Serum ferritin < 12 ;ug/l 9 24 
Transferrin saturation < 167. 6 16 
Serum iron < 50 /Ug/dl 7 19 

Multiple criteria 21 55 

Fe - deficiency anemia 

Single criterion 
Hemoglobin < 12 g/dl 7 19 
Mean corpuscular volume < 85 fl 5 13 
Mean corpuscular hemoglobin < 27 pg 4 11 

Multiple criteria 12 32 



Table 8 

The relationship amongst iron indices and menstrual characteristic and illness 
symptoms in 3? women agec. 18 - 45 years, depending on the serum ferritin concentration 

Item Number Serum ferritin Transferrin Hemoglobin Days of menstrual Numbers of 
n |ig/l saturation g/dl bleeding symptoms per 

V. subject 

x 4,6 17 12,2 6,3 7,8 
1 9 SD 2, 4 9 1,0 2 1 

Range 2,2 - 10,8 4 - 3 1 10,8 - 13,9 3 - 1 0 2 - 1 9 
x 26,0 30,4 13,1 5,6 8,3 

2 28 SD 12,5 9,6 0,8 1 4 
Range 13,1 - 68,7 10,5 -55,8 1 1 , 8 - 1 4 , 7 4 - 8 2 - 1 9 

Statistically 
significant 1-2 p<0, 001 1-2 p<0, 001 1-2 p<0, 001 p<0,l 
differences for 
74 measurements 

Linear correlation coefficient (r) for iron Indices and menstrual bleeding days 

Indices Transferrin Serum 
saturation iron 

Menstrual bleeding days - 0 , 2 4 - 0,34 
P'.O, 05 p<0. 01 
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Table 9 

Linear correlation coefficient (r) for anthropometric indices and 
menstrual bleeding days and hematological indices in women aged 
18 - 45 years 

Indices Body mass Sum of four Chest circum
index skinfolds ferences 

Henstrual bleeding - 0,2? - 0, 26 - 0,43 
days p<0, 01 p<0,05 p<0,01 

_ i 
Serum iron * 0, 25 
Hemoglobin 0, 31 0,26 
Hematocrit x 0,24 0,29 

x p < 0,01 



11 -45 

Table 10 

Daily intake of food in grams consumed by 37 ~romen aged 18-45 years 

Type of food Mean SD V7. Nora B* Norm B 
7. 

280 67 
900 62 
17 147 

135 125 
20 130 
20 100 
300 38 

220 45 
130 36 
280 57 

8 50 
40 102 

Grain products 
Hi Ik and dairy products 
Eggs 
Heats and fish 
Butter 
Other fats 
Potatoes 
Fruits and vegetables rich 
in vitamin C 
Vegetables rich in caroten 
Other fruits and vegetables 
Dry bean products 
Sugar and sweets 
Additional (tea, coffee) 
Total 

188 54 28 
565 294 52 
25 11 44 
170 45 26 
26 14 53 
20 9 45 
114 51 44 

99 49 49 
48 25 52 
160 65 40 
4 7 175 

41 35 83 
11 4 36 
71 100 7 2350 62 

x - norm recommended by the National Food and Nutrition 
Institute, Warsaw 
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Table 11 

Daily energy, macro- and micronutrient intake by 37 women aged 18-45 years 

Hutrient Unit Hean SD Kange V7. HormA 

Energy kcal 1979 514 1080- 3109 26 2100-2300 
Protein, total g 71 16 45- 105 22 70 

an imal 50 12 28- 74 23 75 
Fat g 82 23 38- 137 28 70- 75 
Carbohydrat es g 227 69 95- 398 30 300- 335 
Protein Ener gy '/ 14, 8 12- 13 
Fat 38, 2 30- 39 
3arbohydrati es 47 57- 48 
Iron mg 11 3 5- 18 27 15 
Zinc mg 10 2 6- 15 22 15 
Copper mg 1 0, 3 0, 5- 1.9 30 2- 3 
Magnesium mg 210 60 116- 424 29 300 
Vitamin C mg 77 42 17- 240 55 60 
Ryboflavin mg 1. 4 0,4 0,7- 2,7 29 1, 3- 1,5 
Fibre g 17 6 5- 47 35 20- 25 

•v 

A Norm recommended by the National Food and Nutrition Institute, 
Warsaw 



Table 18 

Linear correlation coefficient (r) amongst the amounts of selected nutrients intake 
of 3? women aged 18-45 years, r values in significant p<0,01 for 74 measurements 

Indices Total energy Total protein Animal protein Iron Zinc Vitamin C 
kcal g g mg nig rag 

Total 
energy X 

Total 
protein 0, 87 

Animal 
protein 0, 73 

Iron 0. 91 
Vitamin C 0 ( 49 
Zinc 0, 85 

0, 87 

0, 95 
0, 86 
0, 49 
0, 96 

0, 73 0, 91 0, 85 0, 49 

0, 95 0, 86 0, 96 0, 49 

X 0, 78 0, 88 0, 37 
0, 72 X 0, 88 0, 59 
0, 37 0, 59 0, 45 X 
0, 88 0, 88 X 0, 45 



Table 13 

Anthropometric Indices of 37 women aged 18 - 45 years 

Indices Mean 
X SD 

Range 
min. max. 

V/. 

Heigh era 164, 6 4, 95 156, 0 177, 0 3, 0 
Weight k g 59, 9 8, 64 47, 0 86, 0 14, 4 
Body mass index (BHI) kg/m* 22, 1 2, 78 18,6 29, 5 12, 6 
Circumferences cm 

Chest 77, 8 e, 72 68, 5 102, 0 8, 6 
Waist 73, 0 T, 12 62, 0 97, 0 9,8 
Hip 98, 0 T, 82 87, 5 133, 5 8, 0 
Thigh 54, 9 4, 66 48, 5 72, 5 8, 5 
Arm 27, 1 3, 18 23, 0 38, 0 11,7 
Brachial muscle 23, 6 2, 19 20, 2 31, 4 9,3 

Ratios 
Waist/Hip 0, 8 0, 04 0,7 o, 9 5,7 
Arm/Thigh 0, 5 o, 03 0, 5 o, 6 5,7 
Chest/Height 0, 5 0, 04 0,4 o, 6 8, 1 
Sum of four skin folds mm 47, 6 16, 84 22, 0 94, 0 35, 4 
Body fat '/. 26, 4 4, 87 14,1 36, 5 18, 5 

00 



Table 14 

Linear correlation coefficient (r) amongst the levels of selected anthropometric and iron 
measurements of 3T women aged 18-45 years, r value is significant p<0,01 and p<0,001 

ndices Height Weight BMI Circumferences (cm) of(C) Rati o Sum of (SFSf) 
(H) 
cm 

(W) 
kg 

kg/ra^ Chest 
(Ch) 

Waist 
(Wa) 

Arm 
(A) 

Hip 
(Hp) 

Thigh 
(T) 

Wa/Hp A/T four skinfolds 
mm 

H X 0, 49 - 0, 32 0, 27 0, 32 0, 36 0, 30 - - 0, 23 
W 0, 49 X 0, 91 0, 86 0, 86 0, 94 0, 89 0, 88 0, 24 0, 57 0, 82 

BKl - 0, 91 X 0, 83 0, 85 0, 91 0, 83 0, 85 0, 30 0, 55 0, 82 
C Ch 0, 32 0, 86 0, 83 X 0, 88 0, 88 0, 81 0, 76 0, 37 0, 65 0, 78 
C Wa 0, 22 0, 86 0, 85 0, 88 X 0, 87 0, 80 0, 75 0, 58 0, 63 0, 78 
C A 0, 32 0, 94 0, 91 0, 88 0, 87 X 0, 90 0, 88 - 0, 70 0, 84 
C Hp 0, 36 0, 89 0, 83 0, 81 0, 80 0, 90 X 0, 94 - 0, 42 0, 77 
C T 0, 30 0, 88 0, 85 0, 76 0, 75 0, 88 0, 94 X - 0, 29 0, 78 
Va/Hp - 0,23 0, 30 0, 37 0, 58 - - - X 0, 46 0, 31 
A/T - 0, 57 0, 55 0, 65 0, 63 0, 70 0, 42 0, 29 0, 45 X 0, 51 

SFSf 0, 23 0, 82 0, 82 0, 78 0, 78 0, 84 0, 77 0, 78 0, 32 0, 51 X 

SF TS BMI A/T A T RBC ZFSf 
»>g/dl X 

Age 
years -0,32 -0,26 0,39 0,34 0,35 0,24 -0,30 0,31 



Table 15 

The measurement of zinc indices and taste acuity levels in 37 women aged 18 - 45 years. 
Mean values were calculated from initial and final 74 measurements. 

Item Women Indices Serum zinc Scalp hair zinc Pubic hair zinc Taste acuity* Zinc intake 
number |tg/dl mg/g mg/g score mg 

22 

X 
SD 

Range 
75 
69 

4 
- 79 

X 
SD 

Range 
87 
81 

6 
- 99 

X 
SD 

Range 
110 
102 

9 
- 13 

Statistically 
significant 
differences for 
74 measurements 

1-2 p<0,001 
1-3 p<0,001 
2-3 p<0,001 

220 
26 

178 - 260 
237 

46 
123 - 345 

221 
24 

180 - 241 

160 
19 

111 - 178 
163 

25 
90 - 200 

151 
29 

97 - 195 

2 - 6 

2 
0 -

2 
1 - 8 

10 

10 

2 
6 - 1 3 

7 - 1 5 

7 - 13 g 

Total 
group 37 

x 
SD 

Range 
VZ 

89 
12 

69 - 130 
14 

233 
42 

123 - 345 
18 

160 
27 

90 - 200 
17 

2 
0 - 8 
76 

10 
2 

6 - 1 5 
15 

the incorrect response number per a woman 



Table 16 

Prevalence of zinc status in 37 women aged 18 - 14 years 

Criteria SZn 
index value n x range 

TAS 
x range 

ScHZn 
x range 

PHZr 
X 

i 
range 

Znl 
X range 

Low levels - single criterion 
SZn l»g/dl < 80 8 76 70- 79 3, 3 2-6 221 178-260 161 111-178 10 7-12 
TAS >, 3 25 91 72-112 4,2 3, 8 224 124-260 160 97-195 9,8 7-12 
Znl rag < 10 20 90 

multiple criteria 
(0-130 3,4 0-7 222 124-320 158 97-189 8, 5 6-10 

SZn + TAS 6 7 6 70- 79 3, 8 3-6 220 177-260 157 111-178 10, 4 7-12 
SZn + TAS • Znl 3 75 73- 79 4,0 3-6 229 203-241 148 111-178 8, 5 7-10 

Above low levels-single criter ion 
SZn |tg/dl > 80 29 93 82-129 3, 1 0-8 233 124-344 161 91-198 10 6-15 
TAS < 3 12 85 70-106 1,0 0-2 243 180-267 163 91-198 11 6-15 
Znl mg > 10 17 88 

multiple criti 
72-116 

aria 
3, 0 0-8 241 178-344 164 91-198 12 10-15 

SZn + TAS 10 88 82-106 1,0 0-2 248 180-344 160 91-198 11 7-15 
SZn + TAS + Znl 6 86 84- 89 1,0 0-2 261 218-344 157 91-198 13 11-15 

Znl - zinc intake 



Table 17. The relationship between the zinc indices and the iron indicators in 37 women aged 
18 - 45 years depending on serum zinc concentration 

Item Number Serum zinc Scalp hair zinc Zinc intake Serum iron Scalp hair iron Iron intake 
lig/dl mg/g mg jig/dl rag/g mg 

x 75 
1 8 SD 4 

Range 69 - 7 9 
x 87 

2 22 SD 6 
Range 81 - 99 

x 110 
3 7 SD 9 

Range 102 - 130 
Statistically 1-2 p<0, 001 
significant 1-3 p<0,001 
differences 2-3 p<0,001 

220 

237 

221 

10 95 
26 2 32 

170 - 260 
10 

6 
" 

13 43 
82 

- 139 

46 3 34 
120 - 345 

9 
6 

" 
15 20 

103 
- 160 

24 2 16 
180 - 241 7 - 12 79 - 135 

33 
24 - 42 

36 
28 - 51 

33 
26 - 36 

11 
6 - 1 4 

11 
5 - 1 8 

10 
5 - 1 5 

Linear correlation coefficient (r) amongst Zn and Fe indices p<0,01; - HS 

Indices SZn TAS SI ScHI Znln Iln 

SZn X 0, 29 0, 28 -
TAS 0, 29 X 0, 39 -
SI 0, 28 0, 39 X -
ScHI - - - X 
Znln - - - 0, 34 
Iln - 0, 25 - -

0, 34 
x 

0, 53 

0, 25 

0, 53 
x 



Table 18. The relationship between zinc Indices and iron status indicators in 37 women aged 
18-45 years depending on the serum zinc concentration 

Item Number Serum zinc Serum ferritin Transferrin Hemoglobin Hematocrit Mean corpuscular 
lig/dl |*g/l saturation g/dl */ volume 

7. f 1 

x 75 31 30 12,9 39 87 
1 8 SD 4 19 14 1 2 3 

Bange 69-79 4 - 6 9 19-56 11-14,6 36-44 79 - 91 
X 87 17 84 13,0 39 87 

2 22 SD 6 11 10 1 3 5 
Range 81-99 2 - 4 3 4-44 11-14,7 29-43 74 - 94 

x 110 21 31 12,7 39 89 
3 7 SD 9 11 5 1 2 2 

Range 102-130 2 - 3 8 25-40 10-14,5 33-43 86 - 93 
Statistically 1-2 p<0,001 1-2 p<0,05 
significant 1-3 p<0,001 
differences 2-3 p<0,001 

Linear correlation coefficient (r) amongst the zinc Indices and the hematological 
Indicators, r values is significant p<0,01; - HS 

Indices SZn SF TS Hb Hct HCV 

SZn x 
SF 
TS 0,24 
Hb 
Hct 
HCV 0, 33 

- 0, 24 - - 0, 33 
X 0, 55 0, 57 - 0, 26 
0, 55 X 0, 57 0, 38 0, 43 
0, 57 0, 57 X 0, 83 0, 40 
- 0, 38 0, 83 X 0, 49 

0, 26 0, 43 0, 40 0, 49 X 



Table 19. The zinc and protein intake and selected anthropometric indices depending 
on the serum zinc concentration in 37 women aged 18 - 45 years 

Item Number Serum zinc 
»g/dl 

Intake of 
zinc protein 
rag g 

Body mass Sum of four index skinfolds o kg/m1- mm 

x 75 10 
1 8 SD 4 2 

Range 69-79 6-13 
x 87 10 

2 22 SD 6 3 
Range 81-99 6-15 

x 110 9 
3 7 SD 9 2 

Range 102-130 7-12 
Statistically 1-8 p<0,001 
significant 1-3 p<0,001 
differences 2-3 p<0,001 

74 
15 

46-98 

62 12 
49-86 

23 
3 

19-30 
72 21 

17 2 
45-106 18-24 24 2 

20-27 

50 

46 

50 

22 
24-94 

15 
22-90 

18 
32-79 

Linear correlation coefficient (r) amongst the values of selected zinc indices 
and the protein intake (Pin) and anthropometric indicators, r values is significant 
p<0, 01; - HS 

Indices SZn Znln Pin BHI SFSf Iln 
SZn 
Znln 
Pin 
BHI 
IFSf 
Iln 

X 0, 96 0, 36 0, 34 0, 88 
0, 96 X 0, 36 0, 32 0, 86 
0, 36 0, 36 X 0, 82 0, 36 
0, 34 0, 32 0, 82 X 0, 34 
0, 89 0, 86 0, 36 0, 34 X 

Pin - protein intake 
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Table 20 

The contents of basic diet described by Forbes et.al (45) 

Product g/kg 

glucose (H90) 
casein 
soya oil 
HaH gP0 4 

CaC0 3 

KJ 
KC1 
HaCl 
mixed sa It"' 

684, 8 
200, 0 
50, 0 
20, 0 
20, 0 
5, 0 
5, 0 
5, 0 
2, 7 
1, 5 

10, 0/1,0 A A A' 
choline chloride 
vitamins mixture**' 
DL - methionine 1,0 

A ,The trace - element premix contained (g/kg): 738,2 mgSO., 
anhydrous; 196,6 ZnSO^.7Hg0; 57,3 MnSO^.7Hg0; 7,3 CuSO^.5Hg0; 
and 0, 6 KJ07. 

x x'The vitamins mixture (AIR 1976) 

A A A'In view of the fact that in exp. I the animals were wery 
weakly depleted, in exp. II the quantity of vitamins mixture 
was ten tiroes smaller. We have taken into account that casein 
we used was not vitamins free. 



Table 21 

The weight and hemoglobin gain in rats replated by the iron fortified wheat flour combined 
with selected ingredients 

Fe - 60 rag/kg 
wheat flour 
casein 
soya been oil 

Fe - 60 mg/kg 
wheat flour 
casein 
soya been oil 
ascorbic acid 

Fe - 60 rag/kg 
wheat flour 
casein 
scorbic acid 

Fe - 6 0 rag/kg 
wheat flour 

Number of rats 10 10 10 10 

Body wt. initial g 
Body wt. final g 
Body wt. gain g 

Hb initial g/1 
Hb final g/1 
Hb gain g/1 

108 +, 7 
160 •. 7 

52 i 4 J 

69 i 2 
122 i 7 
53 + 4 : 

125 + 9 
175 _•_ 10 
50 *_ 5' 

6? •_ 3 
143 + 8 
76 + 5 

111 +_ 11 
144 *_ 13 
33 •_ 9 

68 +_ 
CVJ 

108 + 10 
40 •f 6 

119 ±. 11 
100 i 10 
- 19 + 7 C 

66 1 
130 +. 
64 + 

3 
13 v 6l 

NS 

p<0,05 

NS 

x + SEH, raeans followed by various superscript are statistically different p < 0,05 



Table 82 

The hematological indices Increases in rats replated by the Iron fortified wheat flour combined 
with selected ingredients 

Fe - 60 mg/kg 
wheat flour 
casein 
soya been oil 

Fe - 60 mg/kg 
wheat flour 
casein 
soya been oil 
ascorbic acid 

Fe - 60 mg/kg 
wheat flour 
casein 
ascorbic acid 

Fe - 60 mg/kg 
wheat flour 

Number of rats 10 10 10 10 

Hct initial X 
Hct final / 
Hct gain /. 

HCV Initial fl 
HCV final fl 
HCV gain fl 

Reticulocyte initial /. 
Reticulocyte final 'A 
Reticulocyte lost V. 

31 ± 2 28 _• 2 
41 • 2 43 • 2 
10 i 1" 15 ^ 1" 

55 i 4 52 •_ 4 
60 i 2 61 +_ 1 
5 ± 0, 3 9 +_ 0,7 

82 £ 12 96 _+_ 17 
44 i 12 34 _+_ a 
38 + ? u 62 + 5" 

30 l 
36 + 
6 i 1' 

60 i 4 
65 ± 1 
5 ± 2 

65 i 9 
42 ± 12 
23 + 2 ( 

26 _+_ 1 
36 +_ 2 
12 + 1 

59 •_ 4 
65 +_ 1 
6 ^ 3 

79 +_ 11 
IS ••• 4 

NS 

NS 
NS 
NS 

NS 

61 

x •. SEH, means followed by various superscript are statistically different p < 0,05 



Table 83 

Relative iron utilization in lat replated by the iron fortified wheat flour combined 
with selected ingredients 

Fe - 60 rag/kg 
wheat flour 
casein 
soya been oil 

Fe - 60 rag/kg 
wheat flour 
casein 
soya been oil 
ascorbic acid 

Fe - 80 mg /kg 
wheat flour 
casein 
ascorbic acid 

Fe - 60 mg/kg 
wheat flour 

Number of rats 10 10 10 10 

The increase 
of hemoglobin 

g/1 53 + 4V 76 f 5" 40 + 8* 84 • 6' 

Relative utilization 
of iron 

7. 70 • 7 100 + 11 53 • 10 8 4 + 1 1 

x +. SEH, means followed by various superscript are statistically different p < 0, 05 
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IRON DEFICIENCY ANAEMIA IN SRI LANKA 

K.D.C.E. Liyanage 

Department of Community Medicine 
University of Ruhuna 

Galle, Sri Lanka 

1. INTRODUCTION 

The commonest cause of nutritional anaemia in the Sri Lankan population is iron deficiency. 
The diets of the population belonging to the lower socio-economic groups contain little food of animal 
origin. Thus, their diets are deficient in easily absorbable (haem) iron; and are also heavily cereal-
based. Therefore interference in the absorption of dietary iron also occurs. Iron-deficiency anaemia 
is not restricted to the so-called "vulnerable groups" in Sri Lanka, however, their greater demands 
make the problem not only commoner but also more severe. Among pregnant and lactating women 
anaemia is often associated with folate deficiency. It must also be noted that the low availability of 
dietary iron is compounded in large population groups. Malaria, presently raging on an epidemic 
scale is also a major contributory factor tc the incidence of anaemia. 

1.1. Anaemia in pregnancy 

The main sources of information on the prevalence of anaemia amongst women in Sri lankan 
are the MCH clinics. At least 20-24% of the total population are women of reproductive age. 
Maternal mortality is 0.6 per 1000 live births with at least 450 reported maternal deaths per year. 
Postpartum haemorrhage with anaemia as an underlying or associated cause and sepsis are the most 
frequent causes of maternal deaths. Anaemia and hypertensive disorders o+' pregnancy in addition to 
their effect on maternal mortality also cause high rates of foetal death, and low birth weight. The 
high level (30%) of newborns of low birth weight is related to maternal morbidity and malnutrition 
including anaemia. There are inordinately high levels of anaemia among pregnant mothers with 
circulating haemoglobin levels below 50% of the standard in 60-70% of pregnant women. The 
reported prevalence rates amongst pregnant and lactating women range from 60-80%. 

1.2. Studies on iron deficiency in Sri Lanka 

An island-wide study in 1978 of the prevalence of iron deficiency revealed a prevalence of 39% 
in men, 68% in women, 70% in primary school girls and 52% in preschool children. There are only 
a few studies done on measurement of iron status in Sri Lankan subjects. De Mel and Sood examined 
2794 pregnant women in all health districts of Sri Lanka in the late 1960's and early 1970's. In their 
study iron status was assessed only by the measurement of Haemoglobin concentration. Haemoglobin 
concentration was found to be less than 1 lg/dl, in 73.7% of the pregnant women examined. Thus 
iron deficiency anaemia was identified as a major health problem and pregnancy in further studies 
were recommended. 

Then Atukorala and co-workers in (1986) carried out another study on iron status, including 
thirty one males and thirty one females randomly selected in the age group 60-94 years, living in a 
home for the elders in Colombo. The iron status of these subjects was assessed haematologicallv, by 
measuring the haemoglobin concentration (Hb), packed cell volume (PCV) and the mean corpuscular 
haemoglobin concentration (MCHC) and biochemically by determining the serum iron (SI) total iron 
binding capacity (TIBC) and transferrin saturation (TS). Using these parameters together with the 
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measurement of dietary iron intakes, they showed that a much higher proportion of females were 
severely deficient in iron than males. The dietary intake of iron of the elderly females studied was 
far below the recommended daily requirement. These studies also revealed low mean plasma ascorbic 
acid levels in both males and females. 

In 1088 Silva and Atukorala indicated that, the women in late stage of pregnancy, had 
significantly lower (p 0.0001 > mean haemoglobin concentrations than women in early stages of 
pregnancy and non-pregnant women. Further, women in late stages of pregnancy had a lower (p 
0.05) serum iron concentration and a higher TIBC with markedly decreased (P 0.001) percentage 
transferrin saturation when compared to the other two groups of women. Further a high proportion 
of post-menopausal women also had a lower mean haemoglobin concentration (10.34+1.41 g/dl) and 
percentage transferrin saturation (24.11 +5.76) 

In a recent study conducted by the same workers it has been reported that die incidence of 
anaemia was very high among pregnant women in the plantation sector with a very low wt gain <0.2 
kg/week and decreased arm incumference. However, no such iron status studies have been carried 
out among preschool children. Therefore, under this research programme it was planned to study:-

firstly, the iron status of the pre school children, 

secondly, the iron status of pregnant women and establish the normal levels of biochemical 
indices at different trimesters 

thirdly, the effect of iron supplementation during pregnancy and 

fourthly, the bioavailability of iron from weaning foods and commonly used adult diets. 

It has been possible to study the above aspects excepting the bioavailability of iron from the 
adult diets. The findings of these investigations are presented separately in the above order. 

2. PREVALENCE OF IRON DEFICIENCY ANAEMIA IN A RURAL POPULATION OF 
PRESCHOOL CHILDREN. 

Anaemia was assessed by a combination of best single indicators of iron deficiency, such as 
serum ferritin level, Hb concentration, haematocrit and measurements of serum iron, transferrin 
saturation and, iron binding capacity. The objective of this part of the study was to assess the exact 
iron status of the preschool children and, find out the relative sensitivity of traditional methods used 
in the diagnosis of anaemia. 

2.1. Subjects and methods 

The study population was drawn from few villages in the Galle District. It comprised of 200 
children of 9-24 months and another 200 of 25-60 months. 

The blood samples (3 ml) were collected for measurements of serum iron, total iron binding 
capacity, serum ferritin haemoglobin and haematocrit. Haemoglobin concentration was determined 
by the cynomethaemoglobin method, serum ferritin was measured with a Immuno Radiometric Assay 
ferritin kit from Diagnostic Products Corporation Los Angeles. 

Measurements of serum iron and TIBC we^ made spectrophotome'rically, with Test 
Combination kit for Iron and TIBC from Boehringer Diagnostica. 
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A dietary survey was conducted by the three day recall method in all the subjects. The 
information on the quality and quantity of food given to the child were obtained from the mother by 
four trained village volunteers at each day of the three day survey. 

2.2. Results 

A total of 400 subjects were included in the study: 37 infants aged 9-12 months, 163 children 
aged 13-24 months and 200 children of 25-60 months. Most of these children were from low-income 
or middle income groups, only 11% were from the higher income group. 

The distribution of Hb levels of infants and children are shown in figures 1 and 2. 55% of 
children below 24 months and 62% of 25-60 months were anaemic according to WHO standards. 
There were 16% of children below 24 months and 23% of 25-60 months with Hb level less than 
8.4 fe/dl. 

The distribution of haematological variables in the population studied is illustrated in Table I. 
It appears that relatively a less proportion of children had below normal values for haematocrit. 

Table II shows the iron status of the two groups subjects. In both groups the mean transferrin 
saturation was below the lower limit of normality( 16%). The mean serum ferritin of these children 
was slightly higher than the lower limit of normality (lOg/ml). 

The distribution of serum ferritin values for children of the two groups are depicted in Figures 
3 and 4. It is clearly seen that 70% of the children in the lower age group and 78% in the upper age 
group are with serum ferritin levels below lOng, which is the lower limit of the normal range for 
these age groups. 

Table III summarizes the prevalence figures for anaemia and iron deficiency in the study 
population. It appears that serum ferritin and serum iron are more sensitive indicators in detecting 
iron deficiency anaemia and former is the best indicator. 

From the dietary survey conducted it was revealed that the total iron intake was marginal and 
. »e cereals provide a substantial quantity of iron to the diet of these children. The percentage of total 
iron contributed by this source is presented in Table IV along with total iron intakes. 

It is also shown in the table the number of children consuming > 14mg iron per day, which is 
the minimum level recommended by the FAOAVHO expert group in 1987. It was found that the use 
of infant cereals provide a substantial quantity of iron to the diet of infants. Most of the infants did 
not receive solids before one year of age. During the period of 9-12 months the sources of iron are 
iron fortified formulae, cereal gruels and infant cereal preparations available in the market. 

2.3 Discussion 
The results of this study show that 54.5% of the total study population were clearly anaemic. 

Of the remaining subjects who were not anaemic 42.9% had evidence of iron depletion as indicated 
by serum ferritin values. Therefore (54.5+19.5) there were 74.0% of the children with iron 
deficiency and anaemia in the study sample. A substantial proportion of subjects showed reduced 
transferrin saturation and serum iron levels. 

Biochemical markers delineate three stages of iron deficiency. In the first stage, Hb, SI and 
TIBC are normal, but SF is decreased. Serum ferritin and SI are low in the 2nd stage while IBC is 
elevated and Hb is normal. In the 3rd stage of iron deficiency with anaemia IBC is elevated and SI, 
SF and Hb are decreased. In most health care setups in Sri Lanka anaemia is routinely diagnosed 
based on a low Hb, hypochromia and microcytosis. Practically all laboratories report these end stage 
changes, but these values do not help in the prevention or early diagnosis of iron depletion. 
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The data on dietary and haematologicai assessment revealed no relationship between level of 
dietary iron intake and any one of the measured parameters of iron status. Undoubtedly there are 
factors other than total iron in the diet that place children in a precarious state of iron nutrition. An 
important consideration is the bioavailability of the dietary iron sources. As some iron sources and 
other dietary components have been shown to enhance or depress total iron absorption. 

In summary, the data from this investigation show that iron depletion and anaemia is an 
extensive problem among children and. much effort will be required to prevent consequences of iron 
deficiency anaemia in the child population in Sri Lanka. 

3. STUDY ON PREGNANT MOTHERS 

3.1. Investigation on iron status 

In the second part of the iron status study a sample of pregnant women from the rural sector 
in the Southern Region was selected and the iron status was measured using the same indicators. 

The study subjects were selected fro..i the pregnant women attending the university antenatal 
clinics during the period of Jan-March 1991. In addition to the clinical examination, a detailed 
obstetric history and the socioeconomic status and level of education were obtained. 

3.1.1. Results and discussion 

The Hb concentration in the 431 pregnant women ranged from 6.4 to 14.6 g/dl with a mean 
and SD of 11.05 (+ 1.85) g/dl respectively (Table V). It is seen that 54% pregnant women had Hb 
less than 1 Ig/dl and another 36% had less than 12g/dl. Of the total number of subjects 64% had 
received iron supplements in varying doses and for varying durations, and the rest had not received 
any haematinic prior to collection of blood samples. 

The mean serum ferritin level (Table VI) of the pregnant women was 12.39 ng/ml with 57% 
subjects having values less than 10 ng/ml and another 12% less than 12 ng/ml. It appears that mere 
is a higher percentage (69%) of subjects with depleted iron stores although not indicated by the 
haemoglobin concentration. 

When the subjects were divided in to groups according to their para number, it appeared that 
there was an increase in the percentage of subjects with depleted iron stores as the para number 
increases (Table VII). 

The incidence of clinical manifestations of anaemia noted at the survey are presented in 
Tables VIII and IX. 

The clinical detection of anaemia is influenced by many variables such as skin thickness and 
pigmentation. Betel chewing also masked the natural colour of the tongue. 

3.2. Case control study 

To study the effect of iron supplementation, a control study was subsequently conducted by 
taking 100 pregnant women attending the university antenatal clinic. The subjects were selected 
randomly from the pregnant women attending the clinic for the first time (those in 1st and early 2nd 
trimester) during the period of April to May 1991. 
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The selected pregnant women were first examined ciinicaiiy, Obtained a biood sample for the 
biochemical analysis from them and, the iron therapy was given after obtaining a detailed obstetric 
history and also information on socioeconomic and educational levels. 

The study subjects were followed during the course of pregnancy, by recording the weight gain 
and providing with haematinics regularly. Another blood sample was obtained from them at the 37th 
week of pregnancy to assess the iron status. The patient's compliance on iron therapy was also 
obtained at the same time. The outcome of pregnancy was then assued by the birth weight of the 
newborns. 

The laboratory analysis of iron status studies in the pregnant women was just completed and 
as such a detailed statistical analysis has not yet been done. However, it appears in Figure 5 that 
there is no marked difference in the haemoglobin levels between before and after supplementation. 
However an elevated ferritin levels were seen in some women, but a marked increase in the iron 
stores is not seen (Figure 6). 

The outcome of pregnancy in the study population is indicated in Table X. The mean bird) 
weight of the whole group was 2.75 kg and the incidence of low birth weight (< 2.5kg) was seen in 
32% of the newborns. 

The results indicate that iron deficiency anaemia is highly prevalent in spite of the population 
studied attending antenatal clinics. Even in the group of women who had a history of iron intake the 
prevalence remained high. It was also found a very poor compliance on iron therapy among die 
pregnant women. 46% of the sample did not take the iron tablet regularly. Of diose who were taking 
regularly 89% consumed the iron tablet just after the dinner, 23% with a plain cup of tea and the rest 
with water. 

Therefore, nutrition education appears very necessary with iron therapy in the existing 
supplementary programme, to improve the iron status of the pregnant women. 

4. MEASUREMENT OF EXCHANGEABLE (AVAILABLE) IRON IN RICE BASED LOW-
COST WEANING FOODS IN SRI LANKA. 

Rice is the stable food for a great proportion of the world population. The prevalence of iron 
deficiency is especially high in many of the countries where there is high dietary rice intake. There 
may be many reasons for this; such as low iron intake, concomitant low intake of food enhancing iron 
absorption or high intakes of food inhibiting iron absorption. In evaluation of causes of iron 
deficiency anaemia the determination of bioavailability of dietary iron is therefore important. 

The most reliable method for determining bioavailability of iron from diets is to measure iron 
absorption in humans using the extrinsic tag method. An alternate animal model to determine iron 
availability from human diets has also been proposed. While the in-vivo methods are accurate they 
are however, time consuming and expensive for screening large numbers of food material. An in-
vitro method thus has several advantages for rapid screening and testing of availability of iron from 
diets and suggests improvements so as to increase availability of iron from them. 

The in-vitro method described by Hal I berg and Rasmussen in 1981 to measure the amount of 
exchangeable iron with an inorganic radioiron tracer is sufficiently precise and accurate that it can 
be used to measure the bioavailability of iron from different types of meals despite iron 
contamination. The principle is that an inorganic radioiron tracer added to a meal completely and 
rapidly exchanges with the native non-heme iron compounds in the foods. The amount of non heme 
iron in a food that is not exchangeable, does not enter the common non heme iron pool from which 
iron is thought to be absorbed. Thus the amount of non heme iron that does not exchange with a 
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tracer is considered as not available for absorption. Although exchangeability ana bioavailability are 
two different concepts and good exchangeability does not necessarily imply good bioavailability, it 
has been proved that a complete exchange with an extrinsic tracer in-vitro in certain foods with native 
non heme iron shows an almost complete isotopic exchange in-vitro. 

The availability of iron from the Sri Lankan meats and weaning foods have never before been 
thoroughly examined. Therefore an investigation was conducted to determine the exchangeability of 
iron in some commonly used low cost weaning roods in Sri Lanka using this in-vitro method. 

Several mothers in the urban areas of Sri Lanka use industrially processed weaning foods based 
on milk and cereals to supplement breast feo infants. The majority of mothers however, because of 
economic reasons, can not afford such expensive weaning foods. The use of cheap home made gruels 
as weaning foods have therefore become popular in many rural and semi-urban areas. The most 
commonly used are rice gruel and leaf gruels and also some other home made food mixes such as 
potato and carrot, powdered rice and green gram, potato and egg etc. In this investigation, different 
types of leaf gruels made by using some common and uncommon varieties of edible green leaves and, 
the other commonly used home made weaning food mixes, as well as the industrially processed 
weaning foods were analyzed by the proposed in-vitro method for iron availability. 

4.1 Methodology 

The traditional procedures at village level were adopted to laboratory conditions in the 
preparation of gruels. For each meal of a gruel 35g of leaves 35g of rice and 20g coconut kernel 
were taken as raw materials. All the quantities were taken according to the estimations given by the 
mothers at the survey on weaning foods. 

The prepared meals were freeze died and ground to a powder in a porcelain motor. Weighed 
amounts were analyzed for total iron, phytate and tannin spectrophotometrically. The exchangeable 
iron was measured by an in-vitro method described by Hallberg 1981, incorporating a radioiron tracer 
**Fe into the sample of meal. 

The food samples were first incubated with pepsin in HC1 and 1ml of lu curie 59 Fe for 1 hour 
at 37°C and then with trypsin in NaHCO, for another 2 hours at 37*C. The iron fraction was 
separated by centrifuging with chloroform first and again with bathophenantroline and isoamyl 
alcohol. The supernatant was then taken for measurements 59 Fe activity. 

4.2 Results and discussion 

The total iron, exchangeable iron and % of total iron available in the weaning foods are 
illustrated in Table XI. It appears that the expression of total iron content i.s not a good index as this 
does not reflect the available iron. In terms of the percentage of total iron available, the weaning 
mixtures made out of potato + carrot and, rice dal, pumpkin, carrot, tomatoes and Boerhavia leaves 
would take first position and the leaf gruel with Boerhavia also shows a very high value. 

Out of the other foods, the ginger biscuits and a popular brand of local biscuits also show a 
higher percentage (48 and 47%) of available iron. Nestum and Cerelac have also shown a low 
availability where as Thriposha has a very poor availability of iron. The actual amount of available 
iron in one meal of some of the weaning foods are listed in table XII. 

It appears that the iron availability of most of the analyzed home made weaning foods is so poor 
that it is not po.s.sible to meet the estimated requirement of the ab.sorbed iron (l . lmg and 0.6mg for 
infants and children of 1-5 yrs respectively) through these weaning foods, unless some modifications 
are made to increase the iron availability. 
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It is quite evident (Table XIII) that there is a marked decrease in the absorption of iron when 
more brown rice is included in the meal. There is also a two fold difference in absorption between 
the gruels made out highly polished and lightly polished brown rice. The high phytate content in the 
brown rice may be attributing to this. According to Hallberg et al 1989, even 2 mgs of phytate can 
inhibit iron absorption by 18%, 25 mg by 64% and 250 mg by 82%. Therefore the lightly milled 
brown rice commonly used by the Sri Lankans seem to decrease the iron absorption to a great extent. 

It has been proved that there is a statistically significant decrease in iron absorption when the 
polyphenals, mainly tannin are present even by 5mg/meal, by Bruen et al (1989). In this study too 
it appears that there are very high amounts of polyphenols (tannin and catechin) present in some of 
the weaning preparations and that it could also be a contributory factor for the low bioavailability of 
iron from them. 

The effect of ascorbic acid on iron absorption was emphasised some time ago, but the exact 
amount of ascorbic acid needed to enhance iron absorption was not determined until recently. It 
appears in these weaning foods also the percentage exchangeability is increased 2-3 times with 50 
or lOOmg ascorbic acid (Table XIV). 

This was also evident in an in-vivo study conducted among 10 healthy aduks fed with Centilla 
gruel with or without ascorbic acid by the extrinsic tag method using 55 Fe and 59 Fe. The basis for 
the method adopted was the pool concept as described by Hallberg 1980 and Rosander 1985. An 
increase of iron absorption by 2.67 times was indicated in this study with addition of 50 mg ascorbic 
acid into the meal. 

It can be seen that certain green leafy vegetables contain substantia] amount of available iron. 
One of the reasons could be the high ascorbic acid content in them than in the other varieties. The 
effect of other organic acids in the green leaves have been found to be minimal when compared with 
the effects of phytate and polyphenols on iron absorption. However one can overcome this problem 
by supplementing with ascorbic acid rich food items. 

Therefore if the consumption of such green leaves and the home made weaning foods are 
encouraged and popularized, it will ensure in minimizing the risk of iron deficiency by modifying 
them and providing with other nutrients such as ascorbic acid and folic acid. 
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TABLE I 

DISTRIBUTION OF HAEMATOLOGICAL VARIABLES IN THE 
POPULATION STUDIED 

Variable Children 9-24 Children 25^0 
months n=200 months n=200 

% % % % 
below above below above 
normal normal normal normal 

Haemoglobin 55 45 54 46 
Haematocrit 39 61 43 57 

TABLE II 

IRON STATUS IN THE TWO GROUPS OF SUBJECTS:MEAN (+) VALUES 

Variable Children 9-24 
months n=200 

Serum ferritin 
(ng/ml) 
Arith.mean 13.07 + 1.5 
Geom. mean 6.7 
Serum iron 
(mg/dl) 31.16 + 37.3 
Transferrin 
saturation (%) 12.2 + 2.1 

Children 25-60 
months n=200 

16.26 + 21.7 
9.39 

44.78 + 20.50 

14.4 + 8.6 
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TABLE III 

PREVALENCE OF ANAEMIA AND IRON DEFICIENCY IN THE 
POPULATION STUDIED, PERCENTAGE OF SUBJECTS 

Variable Children 9-24 
months n=20 

Haemoglobin < 1 Ig/dl SS 
Serumferritin < lOng/ml 70 
Serum iron < 37 ng/dl 62 
Transferrin saturation < 16% 58 

Childrer 125-60 
months n=200 

54 
78 
58 
64 

TABLE IV 

MEAN DAILY IRON INTAKES WITH STANDARD DEVIATIONS IN 
THE TWO AGE GROUPS 

Iron intakes Children 9-24 Children 25-60 

months n=200 months n=200 

Total (mg) 11.0 + 7.6 13.2 + 8.4 

From cereal (% of intake) 76 63 

> 14 mg/day (No.of infants) 47 68 
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TABLE V 

DISTRIBUTION OF HAEMOGLOBIN CONCENTRATIONS IN 
PREGNANT WOMEN 

Hb gm/dl 

<8 
8.1-10.99 
11.0-12.99 

> 

No.of % 
mothers 

31 7.01 
205 47.40 
154 36.00 
41 9.51 

431 99.92 

TABLE VI 

DISTRIBUTION OF FERRITIN LEVELS IN 
PREGNANT WOMEN 

Ferritin No. of % 
level ng/ml mothers 

<10 — 246 J7 .07 
10.1-12 = 54 12.5 
12.1-30 = 100 23.2 
30.1-60 = 18 4.2 

>60 = 12 -LQ 
430 99.97 
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TABLE VII 

HAEMOGLOBIN CONCENTRATIONS AND FERRITIN 
LEVELS IN PREGNANT WOMEN WITH PARA NUMBER 

Parity Total No. Mean Mean 
of mothers Hb g/dl Ferritin ng/dl 

Para 1 237 10.87 13.02 
Para 2 84 10.70 12.88 
Para 3 53 10.41 10.50 
Para 4 30 10.33 10.38 
Para >5 Jl 10.11 7.03 

431 

TABLE VIII 

MEAN HAEMOGLOBIN CONCENTRATIONS AND FERRITIN 
LEVELS IN PREGNANT WOMEN WITH THE GESTATIONAL PERIOD 

Trimester No.of Mean Mean 
mothers Hb g/dl Ferritin ng/ml 

T, 30 11.06 9.24 
T a 273 10.64 11.41 
T, 107 10.8 14.87 
NK 21 10.69 14.05 

* ferritin estimation was not done in one subject 
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TABLE IX 

CLINICAL MANIFESTATIONS OF ANAEMIA AMONG 
PREGNANT WOMEN 

Pallor of tongue 47.4 
Pallor of conjunctiva 65.S 
Easy fatiguability 63.5 

TABLE X 

OUTCOME OF PREGNANCY IN THE STUDY POPULATION 

kg 

Mean birth weight of all 2.75 + 0.44 
Mean birth weight of <2.5 kg 2.18 + 0.16 
Abortions 
Stillbirths 
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TABLE XI 

TOTAL IRON AVAILABLE IRON AND THE PERCENTAGE OF TOTAL IRON AVAILABLE IN 
SOME WEANING FOODS 

Weaning food Total iron 
mg % 

available 
(exchangeable) 

iron mg % 

% total 
iron 

available 

1. Rice gruel witb lightly milled 
brown rice(oriyza sativa) 

1.627 0.043 2.64 

2. Rice gruel witb highly milled brown rice 1.493 0.070 4.69 

3. Leaf cruel witb centilla asiatica 2.29 0.114 4.978 

4. Leaf cruel with celosia arceniea 2.799 0.705 25.19 

5. Leaf gruel witb cardiosnerm helicabruin 1.566 0.258 16.47 

6. Leaf cruel with Boerhavia diffusa 1.713 

1.797 

0.707 

0.496 

41.27 

7. Leaf cruel with Amaranth 

1.713 

1.797 

0.707 

0.496 27.60 

8. Leaf cruel with Ervthrina veriecata 2.173 0.176 8.10 

9. Leaf cruel witb Alternanthera sessilis 1.444 0.127 8.80 

10. Leaf cruel with vernomia cinerea 0.589 0.032 5.433 

11. Potato + carrot 0.571 0.286 50.08 

12. Potato + carrot + egg 1.182 0.190 16.07 

13. Rice + greengram 1:1 4.374 1.264 28.90 

14. Rice + greengram 2:1 2.633 0.900 34.18 

15. Rice + potato + fish + carrot 1.58 0.193 12.2: 

16. Rice + dal + Pumpkin + Carrot 1.03 0.042 4.07 

17. Rice+dal+pumpkin+carrot + tomato 0.77 0.203 26.36 

18. -do- + Spinach 0.098 10.65 

19. -do- + Boerhavia 0.82" 0.41 50.0 

20. Potatoes + Spinach 2.03 0.278 13.69 

Biscuits 

21. Cream crackers 3.0 0.873 29.1 

22. Marie 1.893 0.674 35.60 

23. Rusks 3.9 1.251 32.07 

24. Ginger 3.347 1.610 48.10 

25. Angili 4.312 2.035 47.19 

Commercial weaning foods 

26. Nestum 28.96 3.94 13.60 

27. Cerelac 10.764 3.09 28.70 

Sunpl ements 

28. Thriposha (local preparation) 20.15 1.451 7.20 
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TABLE XII 

AMOUNT OF AVAILABLE IRON IN ONE MEAL OF WEANING FOODS 

Weaning food Amount available 
iron from one meal(mg) 

1. 50g Thriposha 0.726 

2. 50g Cerelac 1.545 

3. 50g Nestum 1.97 

4. 15g rice + 15g greengram 0.5056 

5. 20g rice + lOg greengram 0.36 

6. 50g potato + 25g carrot 0.166 

7. 50g potato + 25g egg 0.190 

8. 35g Rice + 30g Potato + 15g Carrot + 30g Fish 0.270 

9. Rice + dii + pumpkin + carrot 0.050 

10. Rice + dal + pumpkin + carrot + tomatoes 0.272 

11. Rice,dal,pumpkin,carrot + boerh; avia 0.627 

12. Cemilla gruel 0.067 

13. Vernone. gruel 0.054 

14. Alternant nera gruel 0.091 

15. Boerhava gruel 0.453 

* Requirement of absorbed iron per day for children 
0-12 months 1.1 mg 
13-60 months 0.6 mg 
(FAO/WHO 1987) 
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TABLE XIII 

PHYTATE AND POLYPHENOLS (TANNIN AND CATECHIN) IN 
WEANING FOODS 

Weaning food Phytate 
ir.g/meal 

Tannin 
mg/meal 

Catechin 
mg/meal 

15g Rice + 15g greengram 56.6 20.0 16.0 

20g Rice + lOg greengram 58.8 32.0 28.0 

Potato + Carrot 0 0 0 

Potato + egg 0 0 0 

Rice + Potato + Carrot + Fish 31.4 0 0 

Rice + dal + pumpkin + Carrot 39.6 0 0 

Centilla gruel 24.7 0 30 

Alternanthera eruel 53.04 0 0 

Boerhavia gruel 39.36 0 30 

Centilla gruel with lQg greengram 91.12 23.5 43 

Celosla gruel 50.35 0 60 

TABLE XIV 

EFFECT OF ASCORBIC ACID ON IRON AVAILABILITY 

Weaning food Percentage exchangeability of iron • 
without with with 

ascorbic acid ascorbic acid - lime juice 
25mg 50mg lOOmg (04ml) 

Centilla gruel 5.4 10.4 15.1 20.5 6.6 

Celosia gruel 25.4 53.9 52.5 55.1 32.1 

Cardiosperm gruel 8.55 32.1 43.7 57.1 20.8 

Boerhavia gruel 41.3 59.1 62.3 64.1 43.9 

Amaranth gruel 27.1 45.4 50.2 56.9 32.2 
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IRON AVAILABILITY FROM VENEZUELAN DIETS AND IRON FORTIFICATION 

Miguel Layrisse 
Institute Venezolano dc Investigationes Cientificas (IVIC) 

Caracas-Venezuela 

1. INTRODUCTION 

Taking the advantages of the Proyecto Venezuela, a national survey on growth, nutrition and 
family carried out from 1918 to 198S in people of various socioeconomic strata living in all regions 
of Venezuela, our research group have concentrated their work in the last three years on die studies 
of iron availability from diets in different regions of the Country, consumed by people of different 
socioeconomic strata and the iron fortification of staple food consumed by the people with low 
income. Following are the results obtained in the different items. 

2. IRON AVAILABILITY FROM DIETS 

Seven diets were tested: five consumed by persons of low socioeconomic stratum living in 
Carabobo, Yaracuy, Lara, Sucre and Zulia states and two consumed by those in the middle and high 
socioeconomic strata living in the Caracas metropolitan region. The socioeconomic Strata of the 
families enroled in the Proyecto Venezuela, were identified according to a slight modification of the 
Graffar method [1]. 

The composition of the diets consumed by low socioeconomic stratum consists mainly of 
cereals, legumes and tubers; and fruits, meat, eggs, milk and its by-products are eaten in a small 
proportions. 

The methodology used for iron absorption was the usually performed in our laboratory. 

Regarding the nutrient content of these diets, the main meal, which represents more than 50% 
of the total iron intake, is usually eaten at lunch with the exception of Carabobo, where it is consumed 
at supper. The caloric intake from the diets of people in the low socioeconomic stratum varies 
between 1,570 and 2,200 Kcal, but the mean (1,872 Kcal) in not significantly different from that 
observed in the two diets consumed by those in the middle and high socioeconomic strata (2,012 Kcal) 
(Table I). The difference between the two types of diets relay in the contents of animal proteins and 
ascorbic acid, especially from the main meal, where they are more than twice as high as the diets 
consumed by persons in the middle and high socioeconomic strata. Regarding the quality of iron 
intake, the diets consumed by people of low socioeconomic stratum contain 21 % more non haem iron 
and 53 % less haem iron than those consumed by individuals of middle and high socioeconomic 
strata. 

Table II shows the amount of inhibitors and enhancers of the non-haem iron absorption present 
in the two types of diets. In the main meal consumed by low socioeconomic stratum the amount of 
inhibitors is about twice and of enhancers about one-half of that found of the other type of diets 
(Table II). Similar results were observed with the total diets with the exception of the tannate content, 
which is higher in the latter diet because coffee is consumed at breakfast and supper, whereas in the 
low socioeconomic stratum diets is consumed in only one meal. 
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For the results on iron absorption, the subjects tested from each diet were divided into three 
groups: normals, moderated deficients an overt deficients. Moderate iron deficient subjects were 
identified as those with normal plasma levels of percentage of transferrin saturation and ferritin 
concentration who absorbed 35% iron or greater from the reference dose, and overt iron deficients 
as those with either 16% or less transferrin saturation or 12 pg/I of less ferritin concentration, with 
and without anaemia (Table III). 

The iron absorption from the main meal represented 62% and 73% of the total iron absorbed 
by healthy subjects in the diets type 1 and type 2 respectively, and 66% and 73% in those with 
moderate deficiency. The iron absorption from •. . main meal of type 1 was significantly low than 
that observed with type 2 diets in both group of subjects. No significant difference was noted in the 
absorption between subjects with moderate and overt deficiency in the same diet. 

The total iron absorption from type-1 diets in healthy subjects was so low (0.75 mg) that it did 
not meet the physiological iron requirements in the segments of th; population not vulnerable to iron 
deficiency. This value increased 72% in persons with moderate iron deficiency. 

Total Iron absorption from type 2 diets in healthy subjects was about 50% higher than that from 
type I diets and increased to over 2 mg/day in moderate deficiency. 

This year, thanks to the subvention granted by IAEA, three Venezuelan diets consumed by low 
socioeconomic stratum (Yaracuy, Sucre and Zulia) were tested tor iron absorption using the 
physiological habits for the intake of each meal. Accordingly, breakfast was administered at 7:00 
a.m. and lunch at noon; one vegetable food from breakfast and one from lunch was labelled with "Fe 
and 5 5Fe respectively. Blood was drawn on day 15 to measure radioactivity and on the same day the 
reference dose of 3 ng of iron as ferrous sulphate was administered in the morning after overnight 
fast, and supper was served at 5:00 p.m. Finally, blood was drawn again on day 30 to measure 
radioactivity and the (hematological characteristics of the subjects tested. 

Table IV shows the nonhaem iron absorption from each meal of the three diets. The first linear 
absorption results are from meals given in the morning after overnight fast and the second one from 
meals, given at the customary time of the day. The iron absorption from the meals of each diet were 
normalized multiplying the iron absorption observed in each subject by the ratio A/B where A is the 
composite mean absorption of the reference dose of all individuals tested and B the reference dose 
absorption for the given subject. The iron absorption from the meals of Yaracuy diets were similar 
in both procedures of the meals administered. Regarding the Sucre and Zulia diets, the lunch 
administered at noon was 39% and 28% higher than that administered in the morning, but the 
difference was not statistically significant. 

The difference in the iron absorption from Zulia lunch was further explored by given in the 
same subjects that this meal in the morning after overnight fast in one absorption test and at noon in 
the other (Table V). The iron absorption from that meal given at noon was 56% significantly higher 
than that given in the morning. 

Further studies are anticipated for the next year for the IAEA project by enlarging the number 
of subjects tested for the Zulia lunch and continue with the same protocol with Sucre lunch in which 
the iron absorption from that meal given at noon was 39% higher than that given in the morning. 

It has been suggested by the WHO-FAO Expert Group that the typical diets consumed in 
various regions of the world could be divided into three categories, of "low", "intermediate" and 
"high" bioavailability, with the average absorption from a mixture of haem and non-haem iron of 
approximately 5%, 10% and 15% respectively in individuals with no iron stores but normal iron 
transport [2]. The information obtained in this article coul̂ l be used to complement the definition of 
the bioavailability of these diets subjected to the content of inhibitors and enhancers of iron 
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absorption, especially in the main meal, which accounts for more than 60% of the iron absorbed from 
the total diets. 

Low bioavailability diets is a monotonous diet containing many cereals, legumes and tubers. 
In the main meal the phytate content is high and meat and ascorbic acid is usually below SOg and 30 
mg respectively (Table VI). In moderate iron deficients the non-haem iron absorption is about 4% 
from the main meal and the haem and non-haem iron absorption from the total diet is less than 1 mg 
of iron. The low absorption from these diets explains the high prevalence of iron deficiency anaemia 
at all ages including adult men. The total iron content of the diet could be high (> IS mg) but part 
of it represents iron contamination. 

Intermediate bioavailability diets consist also of cereals, legumes and tubers. In the main meal, 
the amount of phytate is usually high ( > 400 mg) but the intake of meat is more than SO g and 
ascorbic acid is usually above 30 mg. In moderate iron deficients the nonhaem iron absorption is 
about 8% in the main meal and the haem and nonhaem iron absorption from the total diet is between 
1.0 and 1.7 mg. The prevalence of iron deficiency anaemia is restricted mainly to the segments of 
the population vulnerable to iron deficiency, such as children under three years of age and 
menstruating women. 

High bioavailability diets are more diversified, containing a generous quantity of meat and some 
vegetable foods with high ascorbic acid content and usually small amount of phytate. The main meal 
usually contains more than 100 g of meat and more than SO mg of ascorbic acid. In moderate iron 
deficients the nonhaem iron absorption is about 15% in the main meal and the haem and nonhaem 
iron absorption from the total diet is more than 1.8 mg of iron. The iron deficiency anaemia is 
limited in small proportion, to the children under three years of age and women with 
hypermenorrhagia. 

The limited publications on iron absorption from complete diets do not provide many examples 
in each category of the diets described above. The typical diets consumed by the low socioeconomic 
strata of populations of several countries in Asia and Africa could be classified in the first category, 
which explain the high prevalence of iron deficiency anaemia. However, only iron absorption from 
single meals have been published. Among the South American diets tested for iron absorption, the 
Brazilian diet consumed by the lower segment of the population of Sao Paulo State, can be placed in 
this category. Although the main meal contained S3 g of beef meat, the amount of ascorbic acid was 
negligible. In iron deficient subjects tested, the nonhaem iron absorption was 4.1 % from the mean 
meal and 0.96 mg of iron from the total diet. From the data available, the prevalence of nutritional 
anaemia in the Municipality pf Sao Paulo is about 40% in children between 6 and 60 months of age. 

The diets presented in this article, consumed by the middle and high socioeconomic strata of 
the population of die Caracas Capital region can be included among the high bioavailability diets. 
According,to the bioavailability of breakfast' -J meals consumed by populations from industrialized 
countries, it is probable that most of the diets can be placed in this category. 

The description of the three categories of diets suggests the importance of the amount of each 
principal inhibitors and enhancers for the iron absorption, present in the meals of a given diet, 
especially the main meal. 

The data presented here represent an effort to interpret the prevalence of iron deficiency and 
iron deficiency anaemia as a function of the dietary iron absorption and physiological iron 
requirements in various socioeconomic strata of a given population. This was taken as a base to 
identify the principal categories of diets in terms of iron bioavailability consumed by a given 
population, and their effect on the prevalence of iron deficiency. It is hoped that this preliminary 
information will be enriched with future studies of iron absorption from diets consumed by other 
populations accompanied by their respective prevalence of iron deficiency. 
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2. IRON FORTIFICATION 

Precooked maize flour, a staple food from Central America and the Northern par: of South 
America have several advantages as a food vehicle for iron fortification: (a) great reduction of phytate 
content compared with the whole maize; (b) higher bioavailability; (c) elaboration in factories and (d) 
culinary facilities. The later advantage has permitted to spread its consumption in industrialized 
countries of North America and Europe. 

The iron absorption from this flour enriched with Ferrous sulphate, electrolytic iron monoferric 
EDTA and ferrous fumarate demonstrated that ferrous sulphate is not recommended because it quickly 
became denaturated when mixed with flour (Table VII) [3]. The iron absorption from precooked 
maize bread fortified with a commercial electrolytic iron intrinsically labelled with 5 5Fe was about 
50% less than the same amount of bread enriched with ferrous sulphate prepared at the laboratory the 
same day of its administration (Table VIII). 

The relative high availability of the precooked maize flour bread fortified with monoferric 
EDTA, more than twice the absorption from ferrous sulphate is because its absorption is not reduced 
by the antinutrients (Phytate and polyphenol). Examples of field fortification trials in Thailand, 
Guatemala and South Africa enriching the compound with fish sauce, sugar and curry powder 
respectively, demonstrated its efficiency in the prevention of iron deficiency. The utilization of this 
compound in industrialized countries has been discouraged because they already use it in food and 
drugs technological procedures to a level close to the maximum acceptable daily intake (ADI), and 
also because of the insufficient information on its potential chelating effect on other cations. 

The ferrous fumarate remain stable for months when mixed with maize flour and its 
bioavailability is similar to that found from ferrous sulphate. 

In Summary, for the establishment of a programme for the prevention of iron deficiency by the 
fortification of precooked maize flour, ferrous fumarate is apparently the most convenient one. 
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TABLE I 

NUTRITIONAL CONTENT OF VENEZUELAN DIETS 

Diet Mt^Is 
Trtalfood 

energy 
(kcal) 

Protein 
Fat 
(g) 

Carbohydra 
te 
(g) 

|ll Haem iron 
(mg) 

Nonhaem iron 
(mg) 

Diet Mt^Is 
Trtalfood 

energy 
(kcal) Animal 

(g) 
Vegetal 

(g) 

Fat 
(g) 

Carbohydra 
te 
(g) 

|ll Haem iron 
(mg) 

Nonhaem iron 
(mg) 

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

Average 

Breakfast 507 ± 69 7.6 ± 1.2 6.7 ± 0.5 12.0 ± 0.7 86.8 + 13.7 1.9 ± 0.9 - 1.51 ± 0.19 

Average 
Lunch 683 ± 35 14.3 ± 2.7 12.0 ± 1.9 20.0 ± 3.2 103.5 ± 4.7 35.0 ± 11.5 0.86 ± 0.23 6.36 ± 0.45 

Average Supper 683 ± 63 11.6 ± 2.1 13.7 + 2.6 18.9 ± 1.7 103.7 ± 13.7 8.5 ± 1.4 0.25 ± 0.0 4.70 ± 0.84 Average 

Total 1,872 ± 112 39.1 ± 6.2 30.8 ± 4.2 50.9 ± 3.3 295.7 ± 21.1 40.8 ± 10.8 1.11 ± 0.19 12.59 ± 0.92 

2) Diets consumed by middle and high Socioeconomic strata of Venezuelan population. 

Average 

Breakfast 605 ± 14.5 12.8 ± 0.9 8.5 ± 1.0 16.2 ± 6.2 90.7 ± 14.7 - 0.02 ± 0.03 1.69 ± 0.->7 

Average 
Lunch 768 ± 66.5 45.0 + 0.2 4.1 + 1.4 35.4 ± 8.3 64.3 + 0.8 100.4 ± 7.6 1.98 ± 1.0 5.20 ± 0.67 

Average Supper 644+13.0 17.9+4.1 7.1 ± 3.4 24.8 ± 8.1 78.0 ±11.6 - 0.37 ± 0.35 3.03 ± 0.55 Average 

Total 2.016 ± 75.8 ± 5.2 19.6 + 3.7 76.4 ± 22.6 232.9 ± 27.0 100.4 ± 17.6 2.37 ± 0.15 9.92 ± 0.62 
39.0 

75.8 ± 5.2 19.6 + 3.7 76.4 ± 22.6 232.9 ± 27.0 100.4 ± 17.6 2.37 ± 0.15 9.92 ± 0.62 

P: >0.1 <0.02 >0.1 >0.1 >0.01 < 0.005 >0.01 >0.1 

Statistical calculation was done by comparing the total of each of the five diets consumed by low socioeconomic strata with the total of each 
diet of the Metropolitan region. 



TABLE II 
MEAN CONTENT OF INHIBITORS AND ENHANCERS ON IRON ABSORPTION FROM DIETS CONSUMED BY 

VARIOUS SOCIOECONOMIC STRATA OF VENEZUELAN POPULATION 

Diets 
Iron 

contents 

Inhibitors Enhancers 

Socioeconomic 
strata 

Diets 
Iron 

contents 
Phytate Tannate Ascorbic acid 

Meat 
(beef,chicken 

or Fish). 

Socioeconomic 
strata 

Diets 

mg mg mg mg g 

LOW lQ 
A-Main meal 

B-Total diets 

7.4 

13.5 

448 

990 

178 

850 

39 

45 

84 

84 

MIDDLE 
AND 
HIGH 

2Q 
A-Main meal 

B-Total diets 

7.1 

12.3 

241 

567 

59 

1263 

73 

90 

200 

225 



TABLE III 
MEAN IRON INTAKE AND ABSORPTION FROM DIETS THAT ARE CONSUMED BY VARIOUS 

SOCIOECONOMIC STRATA OF VENEZUELAN POPULATION 

Diets Socioeconomic 
Strata 

Categories of 
Subjects 

tested 

No. of 
Subjects 

Non-haem and Haem absorption 
(mg) (xx) Diets Socioeconomic 

Strata 
Categories of 

Subjects 
tested 

No. of 
Subjects 

Breakfast Principal 
Meal 

Second 
Meal 

Total 

No. 1 LOW 

A - Normals 

B - Mod. Deficient 

C - Overt Deficient 

44 

17 

22 

0.06 

0.13 

0.18 

0.47 

0.85 

0.96 

0.22 

0.131 

0.37 

0.75 

1.29 

1.51 

No. 2 
MIDDLE 

and 
HIGH 

D - Normals 

E - Mod. Deficient 

F - Overt Deficient 

9 

7 

5 

0.08 

0.16 

0.16 

0.88 

1.51 

1.67 

0.24 

0.42 

0.38 

1.20 

2.09 

2.21 

x For the calculation of diets iron intake it was assumed that only 90% of the vegetable food consumed by the given population is 
included in each diet tested. 

xx For the calculation of total iron absorption was assumed that in normal subjects about 90% of the absorbed iron is incorporated 
into the circulation haemoglobin while in iron deficient 100% are incorporated. 

Statistic: Breakfast; A vs D, p> 0.5; B vs E, p> 0.05; C vs F, p> 0.3; B vs C, p> 0.1; E vs F, p> 0.5. 

Main Meal: A vs D, p< 0.001; B vs E, p< 0.002; C vs F, p< 0.002; B vs C, p> 0.6; E vs F, p> 0.9. 

Second meal: A vs D, p> 0.8; B vs E, p> 0.2; C vs F, p> 0.9; B vs C, p> 0.3; E vs F, p> 0.8. 
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TABLE IV 

IRON ABSORPTION FROM VENEZUELAN DIETS. 

Diets 
Subjects 

tested 
Non-haem Iron absorption % 

-

Reference 
dose 

Diets 
Subjects 

tested 
Breakfast Lunch Supper 

-

Reference 
dose 

a) 
Yaracuy 

b) 

5M 6F 

5M 7F 

4.5 ± 1.3 

4.2 ± 1.3 

6.0 ± 1.2 

6.1 ± 1.3 

7.4 ± 1.3 

4.8 ± 1.2 
27.2 ± 1.1 

p> 0.2 p> 0.05 P> 0.6 

a) 
Sucre 

b) 

OM 18F 

2M 17F 

5.1 ± 1.2 

7.8 ± 1.3 

6.5 ± 1.2 

10.6 ± 1.2 

3.6 ± 1.4 

4.2 ± 1.2 
28.5 ± 1.1 

p> 0.2 p> 0.05 p> 0.6 

a) 
Zulia 

b) 

5M 7F 

7M 12F 

6.2 ± 1.2 

8.7 ± 1.1 

16.4 ± 1.1 

22.3 ± 1.2 

3.5 ± 1.2 

2.7 ± 1.3 
32.9 ± 1.1 

p> 0.3 p> 0.1 p> 0.3 

a) Meals administered in the morning after overnight fast 

b) Meals administered at the customary time during the day. 

TABLE V 

NON-HAEM IRON ABSORPTION FROM THE LUNCH OF ZULIA DIET 

Subjects 
Non-haem iron absorption % from lunch given: 

Subjects 

A 
in the morning after overnight fast 

B 
at n ,»n 

2M 7F 12.2 ± 1.3 21.6 ± 1.2 

Statistic: A vs B: p< 0.05 



TABLE VI 

CATEGORIES OF DIETS ACCORDING TO THE AMOUNT OF INHIBITORS AND 
THE AMOUNT AND QUALITY OF THE ENHANCERS OF IRON ABSORPTION 

Diets according 
to iron 

bioavailability 

Main meal content Iron absorption in moderate iron deficient 
Diets according 

to iron 
bioavailability 

phytate 
mg 

polyphenols 
(#) 
mg 

meat 
(X) 
g 

ascorbic 
acid 
mg 

Nonhaem in the 
main meals 

% 

nonhaem ± haem 
in total diet 

mg 

LOW >400 >500 <50 <30 4 <1 

INTERMEDIATE >400 Variable 50-100 30-50 8 1.0 - 1.7 

HIGH >400 Variable >100 >50 15 >1.8 

(X) Meat: beef, poultry or fish. 
(#) Mainly by drinking tea or coffee during or after meal. 
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TABLE Vll 

MEAN IRON ABSORPTION FROM PRECOOKED MAIZE BREAD FORTIFIED WITH 
FERROUS SULPHATE 

Subjects 

IRON A B S O R P T I O N % 

Subjects A 
250 g precooked 

maize bread 
given alone-^Fe 

(1.2 mg Fe) 

B 
250 g precooked 
maize bread-55 Fe 

(1.20 mg Fe) 
+ 

Ferrous sulphate 
•(8 mg Fe) 

C 
250 g precooked 
maize bread-^Fe 

(1.20 mg Fe) 
+ 

Ferrous sulphate 
** (8 mg Fe) 

D 

Reference 
dose-55Fe 
(3 mg Fe) 

(3M / 5F) 7.8 + 1.3 1.6 ± 1.5 3.8 ± 1.4 31.5 ± 1.4 

The Iron fortification was done at the Factory, 15 days before testing. 

The Iron fortification was added to the bread dough before the administration to subjects. 

Statistics A vs B: p <0.01; A vs C: p <0.05; B vs C: p <0.05 

TABLE VIII 

EXPECTED RELATIVE IRON BIOAVAILABILITY OF THE VARIOUS IRON 
COMPOUND USED TO FORTIFY THE PRECOOKED MAIZE BREAD, WHEN THE 

REFERENCE DOSE IS 35% (*) 

Iron Fortification 
Absorption 

Iron Fortification 
% mg Fe 

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

A - Ferrous sulphate 
B - Electrolytic iron 
C - Monoferric EDTA 

3.9 
2.0 
9.0 

0.31 
0.16 
0.72 

BvsA = 0.51 CvsA = 2.3 

2) When given 125 g of bread + 4 mg-iron fortification 

A - Ferrous sulphate 
B - Ferrous fumarate 

3.7 
3.5 

0.15 
0.14 

A vs B = 0.95 

Above 35% of the reference dose indicate an early stage of iron deficiency in which the noninvasive 
indicators of iron deficiency are within normal limits and the non-haem iron absorption from a mean 
increase about twice the absorption observed in normal subjects |3J. 
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Radioiron Measurements 

Most of our present knowledge concerning iron metabolism in man has been 
obtained with radioactive isotopes of iron. The most versatile and widely used 
form of radioiron is 5 9Fe, which was introduced by Hahn and his co-workers 
for animal studies [995a, 996, 996a] and was first used by Ross and Chapin 
for human investigations [2037]. A second form of radioiron, S 5 Fe, was later 
introduced by Peacock and co-workers in 1946 [1844]. Despite the methodo
logical difficulties involved in measuring this tracer, die ability to employ double 
radioiron tags in tandem has had a major impact on the development of more 
sophisticated techniques for assessing iron metabolism. A diird form of radio-
iron, 6 2 Fe, was introduced by Francois and Szur in 1958 [847]. However, its 
brief 8-hour half-life has limited its more widespread application in studies of 
iron metabolism. 

Characteristics of 5 9 Fe 
S 9 Fe has many of the characteristics of an ideal radioactive isotope and remains 
die tracer of choice for most studies of iron metabolism. This radioisotope has a 
half-life of 45-6 days [29c], which makes it possible to monitor changes in iron 
metabolism over a period of several weeks. The emissions of S 9 Fe are listed in 
Table 19.1. It can be seen that beta-particles with maximal energies of 0*46 and 
0*27 MeV are emitted with 53% and 45% of the disintegrations respectively. 
The major gamma ray emissions have energies of 1 -1 o and 1 -29 MeV, occurring 
respectively with 56% and 43% of the disintegrations. 

It is possible to measure 6 9 Fe with virtually any type of radiation detector. 
Because of the ease of sample preparation and the absence of effects exerted by 
sample geometry, S 9 Fe is most conveniendy measured using a well-type Nal 
(Tl) scintillation crystal. Most commercially available gamma counters contain 
a crystal with a diameter of 2 to 3 inches and a well which can accommodate a 
sample volume of 4 to 15 ml. Typical counting efficiencies for 5 9 Fe range between 
15 and 25% depending on the; size of the crystal and the portion of the energy 
spectrum selected for differential counting. By measuring die photopeak energies 
with a window set between i-o and 1-4 MeV, the background counting rate 
can be reduced to between 10 and 12 counts per minutes (cpm). Collimated Nal 
(Tl) crystals are suitable for body surface measurements of 5 9 Fe activity in man, 
although the relatively high energy of the gamma rays limits the resolution 
arising from the radioactivity present in specific organs. 
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Table 19.1. Radiation from *8Fc (641]. 

Mean number 
Radiation Mean energy (McV) per disintegration 

0-0355 O-OII 
0-0808 0-450 
0-1527 0-530 
0-6397 0-003 
0-143 0-008 
0-193 0-028 
0-340 0-007 

1-095 0-560 
1-292 0-430 

A much higher counting efficiency for 5 9 Fc can be obtained by liquid 
scintillation counting. For example, Fillet [791] used Triton X-ioo as an 
emulsifying agent and was able to measure directly the radioactivity in 4 ml 
plasma *.vidi a counting efficiency of 81 to 83%. However, when whole blood is 
assayed, colour quenching is a problem and samples greater than t ml must first 
be digested in acid prior to liquid scintillation counting. With smaller samples 
this is not necessary, and Wagner [2412] was able to measure 5 9 Fe in 0-5 ml 
blood with an efficiency of greater than 70% by first decolorising the sample with* 
sodium hypochlorite. 

Characteristics of 5 5 Fe 

This radioisotope has a much longer half-life of 2-6 years and is therefore 
suitable for long-term radioiron measurements, such as the measurement of iron 
loss in man [963]. However, its very weak emissions (Table 19.2) require that 
elaborate and relatively tedious methods must be employed in the preparation 
of samples for counting. The radioisotope decays by a process of nuclear electron 
capture which produces a vacancy in the inner electron shell of the daughter 
nucleus (manganese). With s s Fe, this capture occurs from the innermost K-shell 
in about 90% of the disintegrations. The resulting vacancy in the electron shell 
is filled by electrons from higher shells which emit either X-rays or low energy 
(Auger) electrons. When S 5Fe is counted with a detector which is placed 
external to the sample, such as a Geigcr counter, only the X-rays have sufficient 
energy to escape the sample matrix and enter the detector window [1174]. Two 
X-rays with mean energies of 5-9 and 65 keV are emitted with 21 and 2% of 
the disintegrations respectively. This means that the maximal possible counting 
efficiency is 23% (Table 19.2). 

Withliquid scintillation counting it should be possible, at least theoretically, 
also to measure the low energy (Auger) electrons [1174]. Those associated with 
the K-shell are of sufficient energy (above 5 keV) to permit their detection in a 
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Table 19.2. Radiation from **Fe [64a]. 

Mean number 
Radiation Mean energy (McV) per disintegration 

X-rays 0-0059 0-2108 
0-0065 0-0237 

Auger Electrons 
KLL 0-0052 0-536 
KLX 0-0058 0-127 
LMM 0-0006 1-500 
MXY 0-0001 3-17° 

further 67% of disintegrations. Since these electrons would be expected to 
produce the same excitation of the scintillator as do X-rays, the counting 
efficiency could theoretically reach 90%, which is the proportion of disintegra
tions in which an electron vacancy is created in die K-shell. In practice, however, 
the efficiency is much lower. Gibson and Marshall [911] have estimated that the 
maximum possible efficiency for 6 5 Fe with modern coincidence counters is 64%' 
if it is assumed ihat no quenching occurs. These workers believe that in practice 
the efficiency for counting 5 5 Fe is not likely to c%ceed about 35% unless newer 
scintillants are developed. 

Characteristics of 6 2 Fe 

The brief half-life of this radioisotope has limited its use to those centres that have 
access to a cyclotron. This is a pity, since 5 3 Fe has certain distinct advantages 
over S P Fe as a means of monitoring the distribution of radioiron in the body 
[847]. Because of its rapid decay, higher doses can be administered and repeated 
body surface measurements can be carried out in the same patient. The ultimate 
da;e that can be administered is not limited by the radiation emitted by s z Fe but 
rather by contamination with 5 5 Fe [2305]. The lower gamma ray energies of 
170 and 512 kcV emitted by s 2 Fe provide a much better resolution of the organ 
uptake of radioiron than is obtained with 5 9 Fe and pictures of the body distribu
tion of erythroid marrow have been recorded [56,2372]. More recendy, splenic 
scans measured 3*5 hours following the intravenous injection of M F e have 
provided a semiquantitative measure of erythropoiesis in the spleen [1866]. 

Simultaneous Measurement of 5 5 Fe and s 0 Fe Radioactivity in Blood 

The earliest technique for the simultaneous measurement both of 5 SFe and M F e 
was described by Peacock and co-workers in 1946 [1844] and was used later by 
Saylor and Finch [2096]. After digesting the blood with concentrated acid, the 
iron was precipitated as the hydroxide, redissolved in acid ano electroplated 
onto copper planchets. The activity emitted by 5 9Fe was then measured with a 
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helium-filled Gciger tube and the S 5Fe activity with an argon-filled Gciger tube 
fitted with a beryllium filter. The mediod has the advantages that it is highly 
reproducible and cross counts in either direction are low, being less than 3%. 
However, the technique has been abandoned in recent years because of the very 
low counting efficiency of 1 to 2% for 6 5Fe. A similar method was later described 
by Hallberg and Brise [1006], who modified the electroplating technique 
and performed radioactive measurements using a gas flow proportional counter. 
A platinum filter was used for 8 8 Fe counting (counting efficiency 8-8%) and a 
beryllium filter for 5 6Fe measurements. The method was also highly reproducible 
but once again, counting efficiency for 6 5 Fe remained low, being about 5%. 

All the methods which have been described subsequently for measuring 
6 5 Fe and S 9 Fe have employed liquid scintillation counting because of the much 
higher counting efficiency for both tracers. In the first method of this type [630, 
631, 632], blood was digested and the solubilised iron was transferred to a 
centrifuge tube where it was precipitated, rendered soluble with oxalate and 
then electroplated. Once deposited on the cathode, iron was transferred to a 
counting vial containing 2 ml perchloric acid which rendered the deposited iron 
soluble as ferrous perchlorate. Ethanol, a known quenching agent, was added to 
hold the ferrous perchlorate in a toluene fluor as a single liquid phase, and 
ascorbic acid was then added to decolorise the counting solution. The ma-rimy^ 
counting efficiency forS5Fe was reported to be i4to 15%, though in practice this 
figure dropped to between 6 and 7% in samples containing 5 to. 10 mg iron. A 
very similar method was later described by Jenner and Obrink [1285]. 

In later liquid scintillation methods, the need to electroplate iron following 
digestion was eliminated. In the procedure of Perry and Warner [1856], iron 
obtained by wet digestion was precipitated as ferric hydroxide and then dis
solved in an ascorbic-hydrochloric acid mixture. The counting efficiency for 
6 5 Fe with this memod was only about 2%. In the technique reported by Katz 
and co-workers [1329], iron which had been rendered soluble by wet digestion 
was precipitated as ferric hydroxide and then converted to ferrous chloride by 
adding an excess of hydrochloric acid. When emulsified in a thixotropic gel, 
the counting efficiency was increased to 6-7% for the 6 5 Fe and to 70% for the 
5 9 Fe. An excellent correlation of counting data was obtained when the technique 
was compared with the earlier method of Dern and Hart [631]. 

The most widely used method at present for counting 5 5 Fe and 5 SFe simul
taneously in whole blood is the technique of Eakins and Brown [691] and it is 
this technique that will be described here in detail. After digesting whole blood 
in acid and precipitating the iron twice with ammonium hydroxide, it is dis
solved in concentrated phosphoric acid. On adding ethanol containing a small 
quantity of ammonium chloride, a white amorphous powder is formed which is 
presumed to be the ammonium salt of a ferriphosphoric acid complex. By sus
pending the precipitated iron in the scintillation fluor before adding it to the 
silica gel contained in the counting vial, more sample can be introduced into the 
vial and quenching is actually reduced. 
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The m?jor advantage of the Eakins and Brown I6$i) method is the much 
higher counting efficiency for S 5Fe that it provides, with figures ranging between 
18 and 22 %. Moreover, when whole blood is assayed, differences in iron content 
ranging between 4 and 6 mg exert a relativdy minor effect on the counting 
efficiency. The method affords die highest counting effidency presendy available 
for 5 S Fe measurements. 

Graber and co-workers [948] described a mediod for 6 6 Fe measurements in 
2 ml plasma or whole blood which eliminated die need for using die potentially 
explosive perchloric add. Samples are evaporated to dryness and dicn dry 
ashed. Iron is predpitated by adding benzene phosphinic add, whichfonnsthe 
insoluble ferric benzene phosphinate. The effidency for 6 5 Fe widi this method 
when performed with die recommended 10 mg of iron carrier is about 5 to 6%. 

In subsequent efforts to improve die counting effidency of "Fe, attempts 
have been made to render die radioiron soluble in die liquid scintillator. 
Campbell and Powell [391] described a mediod for counting 10 ml blood 
following wet digestion by incorporating Triton X-tOO into the sdntillanL 
Although the procedure was bom accurate and reprodudble, die counting 
effidency for 5 5 Fe was below 10% when counted alone and only 3-2% when 
counted in die presence of S BFe. Much higher counting effidendes were later 
obtained by extracting inorganic radioiron widi a dye, (2-ediylhexyl) phos
phoric add (EHPA). An exceptionally high counting effidency for B 5Fe of 19% 
was obtained and although inorganic iron ratiier dian blood was used, die 
approach could presumably be adapted to blood measurements by. preliminary 
wet ashing. In a later mediod, the need to extract 6 5Fe in DEHP-xylene was 
avoided by chelating die iron widi a watrr-soluble secondary hydroxamic add 
(desferoxamine) which allows aqueous s s Fe to be added direcdy to die liquid 
scintillation fluid [ 1076]. In spite of die ingenuity of diese approaches there is as 
yet no method for liquid scintillation counting diat is clearly superior to die one 
described by Eakins and Brown [691]. 

Method for Simultaneous Measurement of 5 9 Fe and 6 5 Fe 
in Whole Blood 

(Mediod of Eakins and Brown [691].) 

1 Materials and reagents 
1.1 Reagents for digestion (unprepared). 

Concentrated sulphuric acid (H 2 S0 4 ) , specific gravity 1*84. 
Concentrated nitric acid (HNO3), specific gravity 1*42. 
Concentrated hydrochloric acid (HC1), specific gravity 1-19. 
Concentrated hydrogen peroxide (H 2 0 2 ) , 30%. 
Concentrated phosphoric acid (H 3 P0 4 ) , 85 to 87%. 
Absolute ethyl alcohol. 
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1.2 Hydrochloric acid, i M. 
Dilute 85 ml concentrated H Q (specific gravity 1-19) to 1 litre with iron-
free water. 

1.3 Ammonium hydroxide (NH4OH), 10 M. 
Dilute 600 ml concentrated ammonium hydroxide (specific gravity, 0-90) 
to 1 litre with iron-free water. 

1 -4 Ammonium chloride (NH«Q) in absolute ethyl alcohoL 
Place 2-675 S ammonium chloride in a 1 litre volumetric flask and make 
up to volume with absolute ethyl alcohoL 

1.5 Cab-o-sil, thixotropic gel powder (Packard Instrument Company, 
Downers Grove, Illinois, USA). 

1.6 Aquasol, xylcne-based liquid scintillator (New England Nuclear, Boston, 
Massachusetts, USA). 
This scintillator has the advantage of a high counting efficiency and 
compatibility with relatively large volumes of water. Other liquid 
scintillators may be equally suitable. 

1.7 Liquid scintillation vials, 20 mL 
1.8 Kjeldahl digestion flasks, 100 ml. 

After washing the flasks in detergent and in 50% nitric acid, it is best to 
remove any traces of residual radioactivity by placing 5 ml concentrated 
sulphuric acid in each flask and boiling for 15 to 20 minutes. Flasks can 
then be washed repeatedly with tap water and allowed to dry. 

1.9 Siliconised round-bottom centrifuge tubes, 40 ml and 90 mJL 
Siliconise by rinsing the tubes with a fresh 1% silicone solution prepared 
by diluting 1 ml Siliclad (Clay-Adams, Inc., New York, N.Y., USA) in 
100 ml warm water. Rinse the tubes widi tap water thoroughly and allow 
them to dry in air. Before acid washing these tubes, silicone must be 
removed by soaking them overnight in 1 M sodium hydroxide. 

1.1 o Kjeldahl digestion racks. 
1.11 Liquid scintillation counter. 

a Procedure 

2.t Pipette 5 ml whole blood into a 100 ml Kjeldahl digestion flask and add 
3 glass beads with diameters of approximately 5 mm. 

2.2 Add 4«o ml concentrated sulphuric acid and 5-0 ml concentrated nitric 
acid. 

2.3 Begin heating the sample initially with low and then with medium heat 
while constantly rotating the flasks to prevent bumping. After approxi
mately 10 to 15 minutes, the sample will turn black and begin to produce 
white S 0 3 fumes. At this stage, increase to high heat and continue until 
the solution assumes a medium brown colour and no further fumes are 
given off. The total digestion time at this point is about 60 minutes. Allow 
the sample to cool. 



^ o ^ 

14 - 7 

24 Add 5-0 ml concentrated nitric acid and heat until white fumes are 
produced and the solution is light brown in colour (approximately 10 
minutes). Allow the sample to cool again. 

2.5 Again add 5-0 ml concentrated nitric acid and heat with increasing 
temperatures until all of the brown fumes and most of the white fumes have 
been given off. The digestion time for this stage is 30 to 45 minutes, and 
should not exceed 1 hour. Allow die sample to cool to room temperature. 
The colour of the solution at this stage should be white or slighdy yellow, 
but should become water clear with cooling. If digestion is incomplete at 
this stage, brown fumes may be produced when H 2 0 2 is added (see step 
2-6), whereas excessive digestion leads to the production of insoluble salts 
when hydrochloric acid is added (see step 2.7). 

2.6 Add 2«o ml of 30% H 2 0 2 (see note 3.1) and begin heating slowly until 
the white fumes have disappeared and yellow bubbles have been produced 
(10 to 15 minutes). Then raise the temperature high until the solution is 
water clear on cooling. If not, this step (2.6) should be repeated. The total 
digestion time for this step is about 30 minutes. 

2.7 After cooling, add io-o ml of 1 M hydrochloric acid and slowly bring the 
solution to the boil for no more than 2 minutes. Allow the solution to cool 
to room temperature. If any salts remain undissolved these should be 
transferred quantitatively in step 2.9. 

2.8 Pipette non-radioactive carrier iron into a siliconised 90 ml centrifuge 
tube to bring the total iron content to 5 mg. 

2.8.1 Prepare a carrier iron solution containing approximately 5*5 mg iron/ml 
by placing 5 • 5 g reagent grade iron wire in a 1 litre volumetric flask. Dis
solve in 25 ml concentrated nitric acid and 25 ml concentrated hydro
chloric acid and make up to volume with iron-free water. 

2.8.2 After filtering the solution (Whatman No. 41), the iron concentration of 
an appropriately diluted sample (e.g. 1:2000) is measured using the 
plasma iron technique (see Chapter i5) in order to determine the iron 
concentration of the carrier iron (CFe) solution in mg/ml. 

2.8.3 Calculate the iron content of the digested blood (BFe) as follows: 

BFe = H a e m a t o c r i t (%) * l'l3 m e 

20 s 

Iron to be added (AFe) = 5-0 — BFe mg. 
2.8.4 Volume of carrier iron solution (ml) needed: = AFe(mg) / CFe(mg/ml) 
2.8.5 In pipetting die carrier iron solution, sufficient accuracy can be obtained 

if a 1 ml serological pipette is used. 
2.8.6 When processing a large number of samples, it is more convenient to 

construct a graph relating the haematocrit of the original blood to the 
volume of carrier iron solution required. 

2.9 Quantitatively transfer the contents of the Kjeldahl flasks, including the 
glass beads, to the centrifuge tubes containing the carrier iron. The flasks 
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should be rinsed sr ~ral times with iron-free water (4 to 5 ml) and each 
rinse added to the centrifuge tubes. A plastic squeeze bottle is convenient 
for this purpose. The total volume of rinsing water is roughly 25 to 30 ml 
and must not exceed 50 ml. 

2.10 Mix the contents of the centrifuge tube thoroughly by grasping the 
upper portion of the tube with the thumb and forefinger and then 
using a swirling motion. 

2.11 To precipitate the iron, add 10 M ammonium hydroxide slowly with a 
plastic squeeze botde, pausing frequendy to swirl the tube as described 
in step 2.10. Continue until a yellow colour just persists from the top to 
the bottom of the tube, but do not complete the precipitation at this stage. 
Cool the tube in an ice bath, which should cause the yellow colour to 
disappear. A total of approximately 20 ml ammonium hydroxide is 
required in diis step. 

2.12 Complete the precipitation by adding an excess of 10 M ammonium 
hydroxide (approximately 10 ml), while constantly swirling (not shaking) 
the tube. Approximately 10 ml ammonium hydroxide is required in this 
step, which brings the total volume in the tube to between 50 and 70 ml. 

2.13 Centrifuge the tubes at 2,600 x g for 15 minutes. Tubes can be 
balanced by adding water direcdy to the centrifuge tubes. 

2.14 Using a clean Pasteur pipette attached by flexible rubber tubing to 
continuous suction, carefully aspirate all but 1 to 2 ml of die supernatant 
solution, taking care not to disturb the precipitate. Because small 
amounts of precipitated iron may float on the surface of the tube at this 
stage, suction should be closed off when first entering the tube wim the 
pipette. The tip of the pipette is kept just beneath the surface during gentle 
aspiration of the supernatant. After withdrawing the pipette, rinse the 
outer surface with 0 5 to i-o ml iron-free water. 

2.15 Add 1 ml concentrated hydrochloric acid and allow the tube to cool. 
2.16 Dissolve any iron precipitate remaining on the sides of the tube by tilting 

the tube and allowing hydrochloric acid to rinse the sides of the tube. An 
additional 1 to 2 drops of HC1 may be used to dissolve any visible iron on 
the sides of the tube. 

2.17 Transfer quantitatively the contents of the centrifuge oibe to siliconised 
40 ml centrifuge tubes and rinse the original tube three times with 3 to 4 ml 
iron-free water. Do not exceed a total volume of 10 to n ml. 

2.18 Mix the solution with a vortex mixer. Add small volumes of 10 M am
monium hydroxide with intermittent vortex mixing until the iron is 
completely precipitated (2 to 3 ml are required). Allow the tube to stand 
for 10 minutes. 

2.19 Centrifuge at 2,600 x g for 15 minutes and decant the supernatant. 
2.20 Add 10 ml iron-free water and very quickly stir the precipitate with a 

vortex mixer to keep the precipitate in large clumps. Vigorous mixing at 
this stage may produce a precipitate which is difficult to centrifuge. 
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2.2i Centrifuge at 2,600 x g for 15 minutes and decant the supernatant. 
2.22 Add 0-5 ml concentrated phosphoric add to dissolve the precipitate. 

Dissolve any precipitate remaining on the sides of the tube by tilting the 
tube to allow die phosphoric acid to rinse the walls. 

2.23 Add 10 ml 0-05 M ammonium chloride in absolute ethyl alcohol and men 
mix the sample thoroughly and vigorously wim a vortex mixer. 

2.24 Wash any precipitate from the sides of the tube wim a further 5-0 ml 
ammonium chloride solution and allow the tube to stand for 10 minutes. 

2.25 Centrifuge the tube at 2,600 x g for 15 minutes and decant the super
natant. 

2.26 Add 8 ml Aquasol and mix to suspend the precipitate loosely. Add a 
further 4 ml Aquasol to rinse the sides of the tube without mixing. 

2.27 Centrifuge at 2,600 x g for 15 minutes. Decant and discard the super
natant. 

2.28 Mix the remaining precipitate vigorously with a vortex mixer to obtain a 
creamy homogeneous slurry with no large clumps of precipitate. 

2.29 Add 4 ml Aquasol, mix thoroughly wim a vortex mixer and transfer to a 
counting vial previously filled with Cab-o-sil (see step 4.2). 

2.30 Repeat step 2.29 two more times. 
2.31 Cap the counting vial tighdy and mix vigorously with a vortex mixer 

until all the particles are uniformly suspended. 
2.32 Allow die samples to stand for 2 hours before counting in a dual channel 

liquid scintillation counter. 

3 Calculations 

3.1 Subtract the background cpm to obtain the net cpm for the standards and 
the unknown blood sample for both the 5 9 Fe channel (red) and 5 5 F c 
channel (green). 

3.2 From the counting rate of the 5 5 Fe and S 9 Fe standards, calculate die 
proportion of cross counting in the opposite window from each isotope as 
follows: 

Y — N e t cpm in green channel for S 9 Fe standard 
0 9 Net cpm in red channel for 5 9 Fc standard 

where X 5 9 is the proportion of cross counts for S 9 Fe 
and 

„ _ Net cpm ill red channel for 5 5 Fe standard 
5 5 Net cpm in green channel for S 5 Fe standard 

where X s s is the proportion pf cross counts for 5 5 Fe. 
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3.3 For a blood sample containing a mixture of "Fe and 5 8 Fc radioactivity, 
the separate radioactivity for each tracer can be calculated as follows: 

6 9 Fecpm = (cpmred — cpm green x X 5 S)/Q, 
5 S Fc cpm = (cpm green — cpm red x X 5 9)/(2, 

where Q,= (1 - X S 9 x X 5 S ) . 

4 Practical notes 
4.1 Because perchloric acid may explode when it becomes dry, a special 

digestion hood is required for this acid so that intermittent rinsing of the 
collecting ducts can be carried out. To avoid die need for such an in
stallation, 2 ml hydrogen peroxide has been substituted for 1 ml perchloric 
acid at dus stage of die procedure (step 2.6). 

4.2 Counting vials are filled widi Cab-o-sil in a nunc cupboard using a wide 
funnel which fits snugly into die top of die scintillation vial. Vials should 
be filled to a level about 1/2* below die neck widi gende tapping. In
sufficient Cab-o-sil produces a gel which is too dun, and as a consequence 
allows die precipitate to settle. Excessive amounts of Cab-o-sil produce too 
duck a gel. Under diese circumstances, die precipitate tends to adhere 
to die cap or upper sides of die vial. 

4.3 Samples which are allowed to stand overnight should be left in an acid 
solution radier tiian as a precipitate. Steps 2.23 to 2.32 should be com
pleted on die same day. 

4.4 The procedure is gready facilitated by die use of manually operated dis
pensers for die various reagents. The following Oxford pipetters (Oxford 
Laboratories, San Mateo, California, USA) are useful for diis purpose: 

Reagent Bottle size Dispensing size Volume set 
Concentrated HCL 500 ml 1 ml 1 ml 
Concentrated H 3 P 0 4 500 ml 1 ml 0-5 ml 
i M H C l 1000 ml 10 ml 5 m l 
30% H 2 O a 1000 ml 10 ml 2 ml 
Fe-free water 1000 ml 10 ml 5ml 
0-05 M NH<C1 in 1000 ml 10 ml 5ml 

edianol 
Absolute edianol 1000 ml 10ml 5ml 
Aquasol 1000 ml 10 ml 4 ml 

4.5 Optimal gain and discriminator settings for 6 6Fe and 6 9 Fe depend on die 
make and model of the liquid scintillation counter. At typical settings die 
cross counts of s 5 Fe in the S 9Fe window should be less than o- r %, and 
cross counts of S 9 Fe in the 5 5Fc window between 10 and 12%. At typical 
settings the counting efficiencies for S 5Fe and 5 9Fe average 22% and 76% 
respectively, with a background of 20 cpm for both isotopes. 



£ > 3 
14- 11 

Method for Simultaneous Measurement of 6 5 Fe and 5 9 Fe 
in Small Samples (o-i to 0 2 ml) of Whole Blood 

(Mediod of Mahin and Lofberg [1605].) 

I Reagents and materials 

1.1 Perchloric acid, 60%. 
1.2 Hydrogen peroxide, 30%. 
1.3 Cellosolve (2-ethoxyethanol G 4 H 1 0 O 2 ethylene glycol monoethyl ether). 
1.4 Scjntillant. Add 6«o g POP (2,5 diphcnyloxazolc) to 1 litre of reagent 

grade toluene. After thorough mixing, allow to stand for 24 to 48 hours 
prior to use. 

1.5 Liquid scintillation counting vials, 20 ml capacity. 
1.6 Liquid scintillation counter. 

2 Procedure 

2.1 Pipette 100 id blood into a glass counting vial. 
2.2 Add 100 /d. 60% perchloric acid and mix by swirling. 
2.3 Add 200 /d 30% fresh hydrogen peroxide and again mix by swirling the 

vial. 
2 4 Place a screw cap on the vial tightly to prevent evaporation of the sample. 
2.5 Place the vials in a shaking water bath at 8o°C for 1 hour. If a warming 

oven is used for heating, the samples should be agitated every 5 to 10 
minutes. 

2.6 Allow die samples to cool to room temperature, add 6 ml of Cellosolve and 
mix thoroughly by swirling. 

2.7 Add 10 ml of the scintillant and mix by vigorous swirling. 
2.8 Allow to stand for at least 1 hour prior to the measurement of radioactivity 

in a dual channel liquid scintillation counter. 
2.9 Background should be determined on samples prepared with 100 /xl of 

non-radioactive blood. 
2.10 Counting standards are similarly prepared by adding 100 yX of the 

standard solution in dilute acid to 100 /xl of non-radioactive blood in 
step 2.1. 

3 Practical notes 

3,1 It is more convenient to employ a universal liquid scintillation' cocktail' 
containing both the gel and necessary fluors (steps 2.6 and 2.7). In this 
case, step'2.7 is replaced by adding 16 ml Aquasol (New England Nuclear, 
Boston, Massachusetts, USA) which has improved miscibility with water, 
superior quench resistance and a high counting efficiency. 
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3.2 If the volume of blood is doubled to 200 pi there is a loss in counting 
e^icicncy for s s Fe of about 20%. Higher sample volumes result in in
complete digestion with a rapid decrease in the counting efficiency for 
5 5Fe. 

3.3 Typical counting efficiency for this method is 11 % and 74% for 5 5 Fe and 
5 9 Fe respectively when performed on 100 fd blood. 

Radioiron Dosimetry 

An important consideration in studies involving the administration of radio
active iron to human subjects is the dose of radiation delivered to various body 
tissues. In this context the term 'dose' refers not to the amount of administered 
radioisotope but rather to the amount of radiation absorbed by various tissues 
over die life span of the radioisotope retained in the body. It should be noted at 
the outset that the doses of radiation are small in clinical studies performed for 
diagnostic purposes, and assume relevance only in regard to measurements 
performed on normal volunteer subjects. 

Assumptions about the internal distribution of radioiron and the dosimetry 
formula for estimating bone marrow irradiation from intravenously adminis
tered 6 5 Fe and s 8 Fe have been described previously [267]. In such calculations 
it is assumed mat 70% of the administered tracer is localised in the erythroid 
marrow during the first 4 days of the study and diis is followed by the appearance 
of 85% of die dose in the circulation during the first 100 days. This fraction falls 
to 70% for the remainder of the first year and to 65% during die second year. 
There is a subsequent whole body loss of 10% per year diereafter. The total 
volume of the marrow is estimated as 1500 ml of which 200 ml is taken to 
represent circulating blood. 

The unit of radiation dosage for beta ray energies is the rad, which is equi
valent to die absorption of 100 ergs of energy per g of tissue. The dosage formula 
for beta particles is also used to calculate the dosage for die weak X-ray of 5 S Fe, 
which has a range of only 1 to 2 mm in tissues. The roentgen, the unit of radiation 
dosage for gamma rays, is assumed to be equivalent to die rad. Radiation 
exposure is conveniendy expressed per pCi of radioisotope administered intra
venously. Because of die small amounts of radiation involved, doses are more 
conveniently expressed in millirads (mrads), each of which equals one tiiou-
sandth of a rad. Finally, dosages are calculated for a so-called standard man 
weighing 70 kg witii a total blood volume of 5000 ml. 

The most authoritative estimates of radiation exposure witii various isotopes 
are those published by the International Committee for Radiation Protection 
(ICRP). These estimates of the radiation dosage to various tissues, which were 
published originally in 1959 [1230] and slighdy extended in 1971 [123a], were 
tabulated in a more convenient form by Vennart and Minsky [2389] and are set 
out in Table 19.3. In this Table the dosage for whole blood of 48 mrads provided 
by s s Fe, is based on the original calculation by Bothwell and Finch [267]. This 
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T a b l e 19.3. Organ doses following intravenous injection of 2/xCi 3 s F c or 1 ftCi of s "Fe in 
a subject weighing 70 kg. 

Dose (millirads) 

" F e S 9 F c 

I CRP Revised 

Whole Body 3-2 36 
Blood 48* 97 
Bone Marrow 16* 50* 
Spleen 25 140 
Liver 14 99 

* Bothwell and Finch [267]. 

is incorrectly listed as 4-9 mrads in the ICRP publication 17 [1232]. In addition, 
the ICRP values for 5 9Fe which were calculated using a relatively crude method 
for working out the contribution from 6 e Fe gamma rays, have been revised 
according to the concept of the fully' absorbed fraction' as described by Brownell 
and co-workers [331, 679]. This revised calculation results in a substantial 
reduction in the dose attributable to the gamma rays of 5 9 Fe. Although the 
apparent radiation exposure per fiCi is substantially higher for 5 9 Fe than for 
5 S Fe, if the latter figures are multiplied 3- to 4-fold to adjust for differences in 
counting efficiency (liquid scintillation counting), the radiation exposure with 
the two isotopes is remarkably similar. It should also be noted that the exposure 
occurs over many years with 5 5 Fe because of its long half-life, whereas most of the 
irradiation with 5 9 Fe occurs during the first few weeks. At high doses of radiation, 
it is generally believed that the longer time over which the radiation exposure is 
received, the less its effects. 

It is in iron absorption tests that 5 9Fe and S 5 Fe are currently most extensively 
used in man. Estimates of the radiation exposure following the oral administra
tion of typical doses of 5 /*Ci of S 5Fe and 1 yxCi of 5 9 Fe are listed in Table 19.4. 
An absorption of 10% of each botope has been assumed. The important feature 
of these estimates is the fact that with 5 9Fe, the highest dose of radiation occurs 
in the lower large intestine (33 mrad) and is attributable to the unabsorbed 
tracer. Intestinal radiation is negligible insofar as 6 5 Fe is concerned because of 
the weak energy of its emissions. Irradiation of odier tissues from 1 /tCi 5 f lFe and 
5 /iCi 5 5 Fe, which are roughly equivalent in terms of counting efficiency, is 
otherwise about equal. 

Estimates of whole body radiation exposure from 5 5 Fe and 5 9Fe in newborns 
and in children ranging from 1 to 15 years are listed in Table 19.5 [2142]. If the 
quantity of administered radioisotope is reduced in proportion to body size, 
whole body irradiation is roughly similar to that in adults. The whole body 
irradiation adjusted to the adult is estimated at about 6 mrads; the somewhat 

23 
70 
47 

102 
86 
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Table 19.4. Organ doses following oral ingestion of t pCi s*Fc and 5 f*Ci 5 i Fc for dual 
radioiron absorption measurements.* 

Dose (millirads) 

"Fc "Fc Total 

Whole Body 3 2 5 
Blood *4 7 3» 
Bone Marrow 8 5 «3 
Spleen »3 10 23 
Liver 7 9 16 
Lower Large Intestine 4 33 37 

* A 10% absorption of both isotopes is assumed. The 
doses of tpCi s , Fc and 5 /tCi **Fc arc those usually used. 

higher value in children results from the assumption by these workers that no 
radioiron is excreted following intravenous administration. In striking contrast 
to the low doses received with 5 9Fe and S 5 Fe are the whole body dosages of 
radiation that are received in the course of a radiological examination of the 
gastro-intestinal tract (Table 19.5). 

It must be realised that these radiation dosages are relatively crude and are 
intended only to represent an order of magnitude. Body size exerts a significant 
effect on dosages, which in die present calculations have all been normalised to 
a standard weight of 70 kg. In addition, the estimates of radiation exposure 
following oral radioiron assume an average absorption of io% (Table 19.4). In 
fact, iron absorption varies between o and 100% depending on the iron status 
of the individual and the form of the administered test dose. Furthermore, the 
body distribution of administered radioiron is often drastically altered in patients 
with haematological disorders. Nevertheless, since no toxicological significance 
can be attributed to the small levels of radiation involved in studies with radio-
iron, improvements on the precision of dosimetry estimates is of questionable 
importance. 

Table 19.5. Whole body radiation doses in children following intravenous injection of 
1 /iCi 5 5 Fc or 1 /tCi "Fe. 

Whole-body dose (millirads) 

Body Gastrointestinal 
Age (Yrs) weight (kg) "Fe "Fe series 

Newborn 3-5 120 290 300 
i I 2 - J 34 1 to 480 
5 2 0 3 20 65 720 

10 335 12 42 1100 
«5 55o 8 27 1300 
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The amounts of radiation absorbed by different organs following intravenous 
or oral administration of S 5 Fe and 5 9 Fe vary substantially (Tables 19.3 and 
19.4). Following intravenous 5 SFe, for example, the highest dose is received by 
whole blood (48 mrads). The bone marrow is usually considered an important 
organ because of the knowledge derived from Japanese atomic bomb survivors 
that leukaemia may be a late recognisable effect when doses exceed ioo rads. 
Data from survivors indicate that the probability of leukaemia developing in 
later years is in the order of one chance in a million per year for each rad 
delivered. If in fact this relationship holds at lower doses, the risk of leukaemia 
following a dose of 25 to 50 mrads of bone marrow irradiation would be between 
one and two chances in a million for 40 years of later life. Odier organs exposed 
to radiation in double isotope studies in which the isotopes are given intra
venously are the spleen and liver. The splenic dosages (102 and 25 mrads for 
5 9 Fe and 5 5 Fe respectively) are the higher of the two and assume that 2% of the 
intravenously administered dose is taken up by die spleen, which is probably an 
overestimate. Insofar as radioirc n absorption measurements are concerned, the 
large intestine is more critical man the spleen, since it is exposed to 33 mrads//iCi 
5 9 Fe . 

The importance of the dose of radiation received in clinical investigations 
with 5 5 Fe and 5 f lFe is perhaps best put into perspective by comparison with other 
types of radiation exposure. For example, everyone receives about 100 mrads 
per year from natural radiation, and this amount increases substantially in those 
residing at higher altitudes. Radiological examinations contribute another 
100 mrads per year when averaged over the entire population. A double isotope 
study of iron absorption using the cumulative doses listed in Table 19.4 would 
therefore be equivalent in whole body irradiation to the amount received by 
everyone from natural radiation and from radiological examinations during a 
period of 1 to 2 weeks. Other types of radiation exposure are far above the levels 
mat result from investigations with radioiron. For example, the maximal 
permissible dose level for a person occupationally exposed to ionising radiation 
is currently 5,000 mrads per year to the whole body, gonads and red marrow. 
Another useful comparison is die radiation exposure to the bone marrow which 
has been calculated by IRCP [1231] for various radiological examinations. The 
levels range at the lower end from 20 to 40 mrads for dental and chest X-rays 
respectively, to 300 and 600 mrads respectively for complete gastrointestinal 
series (barium meal and enema). The mean abdominal surface exposure is about 
600 to 800 mrads when radiological studies are carried out on the gastro
intestinal tract. However, these comparisons are not intended to promote a more 
liberal use of radionuclides. All such studies must be justified on the basis of the 
scientific information which they might be expected to provide. In addition, it 
is essential that normal volunteers are fully appraised of both the objectives of 
the study and its possible risks. These questions are less relevant in the context of 
studies which are carried out :o assist in the diagnosis or therapy of individual 
patients. 
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Measurement of Iron Absorption 

Continuing interest in the study of iron absorption in man has led to the develop
ment of a wide variety of techniques. Many of the methodological differences 
relate to the form and amount of iron that is being administered. Whereas small 
doses of inorganic iron were commonly used to evaluate the absorptive mech
anism by earlier workers, these tests have now given way to measurements of 
the assimilation of food iron. The most important variable in iron absorption 
tests is the way in which the proportion of administered iron retained in the body 
is measured. In general, two main approaches have been used in iron absorption 
studies: in earlier investigations non-isotopic methods were employed, but these 
have largely been replaced by ones employing radioisotopes. The techniques 
which have been most widely applied will be reviewed in some detail. 

Chemical Balance 

This method is now largely of historical interest in that it was the first approach 
that was used to assess iron absorption. Subjects are placed on a diet of precisely 
measured iron content and all faeces are collected for a 2 to 3 week period. Ab
sorption is then calculated as the difference between the quantity of iron ingested 
and the amount excreted. The major limitation of the chemical balance tech
nique is the fact that only small amounts of food iron are absorbed. As a result, 
the difference between ingested and excreted iron is often only 5 to 10%. Any 
errors in the chemical measurement of the iron excreted in the faeces therefore 
have a proportionally greater effect. From a technical standpoint, the method 
is very cumbersome and tedious. Furthermore, several weeks of hospitalisation 
in a metabolic ward are necessary if complete collections are to be assured. 

Despite the fact that chemical balance measurements are of limited accur
acy, they still provide the only means of measuring iron absorption from a normal 
diet in normal subjects, and it has been claimed that chemical balance measure
ments have provided much useful information concerning the absorption of iron 
from diets of relatively low iron content, with results similar to those obtained 
with isotopic methods [1304]. However, a review of several reports in which 
chemical balance studies were carried out, revealed that the percentage ab
sorption increases with the size of the dose, a phenomenon that is almost 
certainly an artefact [267]. With the recent development of isotopic methods to 
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measure the absorption of dietary iron, chemical balance studies no loager have 
a role in assessing iron absorption. 

Haemoglobin Repletion 

When iron deficiency anaemia is present, most of the iron which is absorbed 
from the gastrointestinal tract is used for haemoglobin syndiesis and this con
tinues until the anaemia is repaired. A measure of absorption can therefore be 
obtained by determining the haemoglobin concentration or haematocrit at 
regular intervals. Using an estimated or measured blood volume it is then possible 
to calculate how much haemoglobin has been formed and therefore how many 
mg iron have been absorbed. 

Although the haemoglobin repletion method has occasionally been used in 
clinical studies [818], it has been applied much more widely in animal experi
ments designed to assess the bioavailability of different iron compounds [48, 
212, 863, 864, 1883]. The haemoglobin response in either chicks or rats is 
monitored using varying doses of the test iron compound, and the response is then 
related to a control value obtained with ferrous sulphate. While there are many 
methodological pitfalls associated with such measurements, haemoglobin re
generation represents the only feasible way of monitoring the relative bio
availability of the iron compounds used for iron fortification. 

A detailed evaluation of the haemoglobin regeneration method was recently 
carried out in human subjects in order to assess the availability of certain 
therapeutic iron compounds [1779,1781] and of dietary iron [1067,1782,1805]. 
In the latter study, 10 healthy adult men were venesected at 5 to 7 day intervals. 
The amount of iron removed on each occasion was calculated from the volume 
of blood removed and the haematocrit. Phlebotomies were continued until the 
haemoglobin concentration fell to below 10 g/dl and the haemoglobin increase 
was equivalent to less than 4 mg iron/day, which was the calculated daily figure 
for food iron absorption. In the 10 subjects participating in the study, the dura
tion of phlebotomies averaged 85 days, during which time an average of 3800 
ml blood was removed. It was calculated that 463 mg of the iron in this blood 
had been mobilised from stores. In the follow-up period, the haemoglobin con
centration and haematocrit were measured bi-weekly to monitor the recovery 
of circulating haemoglobin. Least squares regression was used to determine 
the haemoglobin intercept at the beginning and end of the dietary observation 
period. In this way it was possible to calculate how much iron had accumulated 
in haemoglobin. No correction was made for the additional iron absorption that 
was required to cover basal losses. Isotopic blood volume measurements at the 
start and conclusion of the dietary period showed no significant difference. Daily 
absorption of food iron in these subjects ranged from t«8 to 5-0 mg daily, wiuH 
a mean of 3-8 mg. These figures are in good agreement with the results of 
isotopic studies and provide a measure of the maximal amounts that can be 
absorbed from the diet by iron deficient subjects. 



15-3 

Although the use of haemoglobin regeneration as a means of measuring iron 
absorption is extremely time-consuming, it provides data over extended periods 
on iron absorption from the whole diet which cannot be obtained by other 
methods except possibly chemical balance. It can, of course, only be used to 
measure iron absorption in subjects with marked iron deficiency. 

Plasma Iron Tolerance 
By far the simplest way of assessing the gastrointestinal absorption of iron is to 
administer a relatively large dose of inorganic iron orally and to monitor changes 
in the plasma iron concentration over the following 4 to 6 hours. Earlier 
experience with plasma iron tolerance measurements has been previously 
revieved in some detail [267,1304]. In this method it is assumed that the most 
important factor in determining the post-administration rise in the plasma iron 
concentration is the total quantity of iron absorbed. While this may be true, 
there are obviously many other factors which contribute to the height and shape 
of the plasma iron tolerance curve. These include the rate of absorption from the 
gastrointestinal tract, the pre-administration plasma iron concentration, the 
concentration of unsaturated plasma transferrin, and perhaps most important, 
the rate at which iron is cleared from the plasma by the erythroid marrow and 
other body tissues. As a result, the correlation with radioisotopic measurements 
of iron absorption has not been a good one [99, 1114] and even in a study in 
which a better correlation was found [1283], the authors concluded that the 
relationship was not sufficiently close to allow for prediction of the absorption 
rate from the plasma iron tolerance curve. 

An important constraint on the use of plasma iron curves is the inability to 
obtain worthwhile information in patients with an abnormal transferrin 
saturation or an alteration in internal iron kinetics. For example, patients with 
partial bone marrow failure have transferrin saturations which are high, and 
therefore exhibit flat plasma iron curves after oral iron. Patients with a high 
plasma iron concentration and plasma iron turnover as a result of haemolytic 
anaemia or ineffective erythropoiesis also have limited plasma iron responses. 
Subjects with a reduced concentration of unbound transferrin cannot increase 
the plasma iron concentration in excess of the TIBC and hence show flat plasma 
iron tolerance curves. On the other hand, iron deficient patients usually have a 
much greater increment in the plasma iron concentration, not only because of 
increased absorption but also because of the low initial plasma iron concentra
tion. Even more impressive rises occur in subjects with iron deficiency but no 
anaemia, since the clearance rate from the plasma is slower than in the anaemic 
subject. These points are raised in order to underline the many variables that 
make interpretation of plasma iron tolerance curves difficult. Whether a flat 
curve can be taken as evidence of a malabsorption of iron remains controversial. 
This is partly attributable to lack of standardisation of the technique, especially 
insofar as the dose of oral iron is concerned [1428]. In our own unpublished 
experience in adults with iron deficiency anaemia, failure of the plasma iron 
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concentration to increase above ioo pg/dl following an oral dose of too mg of 
iron given as ferrous sulphate is good presumptive evidence of intestinal 
malabsorption. 

Despite the fact that plasma iron tolerance curves have limitations both in 
terms of precision and accuracy, the test has certain distinct advantages over 
other methods. The ability to assess iron absorption without using radioactive 
isotopes offers some advantage to laboratories that are not equipped to perform 
radioiron measurements. The test avoids the mounting concern about ad
ministering any radioactive material to normal infants or children who cannot 
give informed consent. In addition, the results of plasma iron tolerance curves 
can be obtained in a day or two as compared to a minimum of 2 weeks with radio
isotopic measurements. However, since the iron ingested with a normal meal 
does not produce an increase in the plasma iron concentration, tolerance curves 
can only be obtained with unphysiological doses of medicinal iron. To circum
vent this limitation, attempts have been made to use the rise and fall of plasma 
radioactivity following an oral dose of radioactive iron as a measure of iron 
absorption, but this modification was not found to enhance the precision of the 
test in animal studies [2590]. Furthermore, in clinical studies the precision of 
the plasma radioiron curve was not improved by administering a second dose of 
radioiron intravenously in order to correct for the clearance of iron from the 
plasma [275]. 

An extensive evaluation of plasma iron tolerance curves was recently* 
published by Ekenved and co-workers [711,712]. An important feature of this 
study was the ability to evaluate the accuracy of the method by obtaining 
simultaneous absorption measurements using radioiron and whole-body 
counting. The best index of iron absorption was found to be the maximal in
crease in the plasma iron concentration 4 to 6 hours following administration, 
and the accuracy was not improved by integrating the plasma iron increase. 
There was a close correlation (r = o-86) between the plasma iron rise and the 
radioiron absorption witii doses of 25 to 100 mg ferrous iron, and no systematic 
errors were revealed on regression analysis (Fig. 21.1). The authors stressed, 
however, that plasma iron tolerance curves did not provide a reliable prediction 
of absorption in the individual subject. 

Because of the major technical problems that are often encountered ..hen 
labelling therapeutic iron compounds with radioiron, plasma iron tolerance 
curves may have a useful role in assessing substantial differences in iron assimila
tion [711,712].The method also permits the marketed product to be evaluated, 
which is something which cannot be done with radioiron studies. Ekenved and 
co-workers [711, 712] were also able to improve the sensitivity of plasma iron 
tolerance curves substantially by comparing in the same subject the plasma iron 
response obtained with the test compound with that of 100 mg ferrous sulphate 
using a cross-over design. They concluded that when no difference is observed 
between the test compound and ferrous sulphate, a real difference as large as 
50% may still be present. The plasma iron tolerance curve may also prove a 
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Fig. st.x. The relationship between iron absorption (dose IOO mg) as measured by whole-
body counting and the maximal increase in the plasma iron concentration (open circles = 
solution of ferrous sulphate; black circles = rapidly disintegrating ferrous sulphate tablets; 
black squares = slow release ferrous sulphate tablets; black triangles = rapidly 
disintegrating ferrous carbonate tablets). (After Ekenved [711].) 

useful, convenient method for monitoring the efficacy of commercial sources of 
iron for fortification purposes £1237]. 

Radioiron Balance 

The technique of radioiron balance for deterrnining iron absorption in man was 
first introduced by Dubach and co-workers [674]. During the next 10 to 15 years, 
the method was applied extensively in adult subjects [99, 120, 249, 279, 322, 
382,456,602,1219,1283,2204,2301] and also became the method of choice in 
paediatric studies [745, 1359* 2122, 2207, 2212]. The procedure involves 
administering a measured quantity of M F e by mouth and collecting all faeces 
over the following 7 to 10 days. (Collections are usually continued until three 
successive stool specimens-contain less than 1% of the administered test dose.) 
In comparison with other nutrients, iron lends itself to having its absorption 
assessed by measurement of the unabsorbed fraction in the faeces, since there is 
no appreciable loss of the absorbed tracer during the first two weeks, either in 
the urine or via the gastrointestinal tract. While the method should therefore 
provide a most accurate way of determining the retention of an oral dose of M Fe , 
there are significant technical problems. 

The precision of iron absorption measurements based on faecal excretion has 
been frequently questioned. One important limitation in earlier studies was the 
fact that the capacity of most radiation counters was limited, with the result that 
only small sample volumes could be measured. This meant that only a small 
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portion of the excreted radioactivity could be counted and there was a con
sequent loss in precision. The problem was subsequently circumvented when 
plastic or liquid scintillation counters were introduced which had well capacities 
that could accommodate the entire specimen [514]. A second point limiting the 
precision of the technique is the fact that radioiron absorption is frequently very 
low. As a result, any error in counting the much larger fraction of excreted 
radioactivity is magnified proportionally whe calculating absorption. Let us 
assume, for example, that the counting error or standard deviation is + 10% for 
measurements of either the excreted radioactivity or retained radioactivity (e.g. 
whole-body counting). If iron absorption was 10%, the range of iron absorption 
as determined by measurement of retained radioactivity would be 9 to 11% 
absorption. The comparable range as determined by faecal excretion would be 
5-5 to 14-5%. This lower precision becomes unacceptable when the absorption 
is less than 5%, as occurs in many studies of food iron absorption. The dis
advantage disappears as the absorption rate approaches 50%. 

The accuracy of the faecal excretion technique has also been questioned. In 
a review of the earlier literature on isotopic measurements, it was observed that 
the stool method gave consistently higher values for iron absorption when 
compared with measurements of the radioactivity incorporated into red cells 
[267]. Even when a correction factor of 20% was applied in order to allow for 
the radioiron that was absorbed but not incorporated into circulating red cells, 
absorption by the faecal excretion method was still about 50% higher. Similar 
discrepancies were noted in a lr.ter study when iron absorption results obtained 
by the radioiron balance method were compared with those measured by whole-
body counting [1550]. 

Comparisons of absorption techniques by other workers strongly suggest that 
any systematic error associated with faecal excretion measurements results from 
incomplete faecal collections. Lindell and co-workers [1492] found no systematic 
disparity between faecal and whole-body counting measurements and attributed 
the differences between the two methods noted by Lunn and co-workers [1550] 
also to incomplete collection. In a more extensive comparison between whole-
body counting and radioiron balance [387,2447], incomplete faecal collections 
occurred in 16 out of 54 patients, only being established at times by confronting 
the patient because of a discrepancy between the whole-body and faecal 
measurements. In 28 patients who absorbed more than 10% of the administered 
test dose, close agreement was observed between the two techniques in all but 
two instances. It can be concluded that when complete faecal collections are 
assured and when the specimens are counted with a large volume detector, there 
will be good agreement between radioiron balance and other methods 
[514]-

From these various studies, it is apparent that radioiron balance has signifi
cant limitations, the most important one being incomplete collection of the faecal 
specimens. The method has been largely replaced over the past decade by more 
accurate procedures, such as whole-body counting. However, when such a 
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facility is unavailable, meaningful data can still be obtained using faecal excre
tion measurements. If the method is to be used, the mean absorption from the 
test dose of radioiron should be greater than 10% and it is essential that patients 
be admitted to a special metabolic hospital ward in order to ensure complete 
stool collections. Where possible, however, other methods should be used, since 
radioiron balance is costly, tedious and unpleasant for both the patient and the 
technologist. 

Red Cell Radioiron 

A unique feature of iror? metabolism, insofar as it relates to isotopic absorption 
measurements, is the fact that most of the absorbed radioactivity is normally 
incorporated into"*rculatingred cells within 7 to 10 days of oral administration. 
The earliest isotopic method for determining absorption was therefore based on 
the incorporation of radioiron into red cells [995a, 996, 996a]. In its simplest 
form the percentage absorption is calculated from the radioactivity present in 
whole blood at 14 days, assuming an incorporation of absorbed radioactivity of 
80%. Although the total blood volume or red cell mass is sometimes measured 
with 6 1 Cr labelled red cells or T-1824 after the 14 day blood sample has been 
obtained, estimates of blood volume based on die height and weight of the 
subject [320, 2481] are sufficient, especially when considered in relation to the 
wide range of iron absorption. The basic technique was used extensively in early 
studies [676,2483] and was frequendy done in conjunction with measurements 
based on excreted faecal radioactivity [276, 279, 322, 456, 674, 1283, 2245]. 

The most serious limitation of measurements of iron absorption using red cell 
radioiron as measured with a single isotope is die need to assume a value for the 
percentage incorporation of absorbed radioactivity into red cells. This assump
tion is not valid in patients with bone marrow failure, ineffective erythropoiesis, 
aplastic anaemia, haemolytic anaemia or iron overload, all of whom may have 
a substantially lower percentage incorporation of radioiron into red cells. How
ever, when absorption studies are performed in normal volunteer subjects in 
order to assess die availability of a particular form of radioiron radier than to 
detect abnormalities in the absorptive mechanism, then the method continues 
to be a valuable one. This is especially true when absorption from more than a 
single form of radioiron is being examined. Thus by using both 6 6Fe and M Fe, 
as many as four separate measurements of iron absorption can be performed in 
die same individual. Since the principle of using dual tracers to compare the 
assimilation of different forms of iron in the same subject was first introduced 
[276,308], it has been used extensively for assessing therapeutic iron compounds 
and especially in studies of food iron absorption [221, 224, 506, 507, 629, 644, 
1020, 1395, 1442, 1445, 2093]. It is commonly believed that the technique is 
unreliable for determining the absolute percentage absorption, but this is not so, 
since variations in red cell incorporation are relatively minor in normal subjects 
and in certain clinical disorders, when compared with the wide range 6f iron 
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absorption in man. The reliability of the approach was underlined by die work 
of Larsen and Milman [1429] who compared results for iron absorption using a 
whole-body counter and red cell radioiron. (In these studies the red cell mass 
was measured and not calculated.) The percentage red cell incorporation o 
absorbed radioiron could then be calculated from the ratio of the two values for 
absorption. In 27 healdiy subjects, red cell incorporation averaged 92*9% 
(s.e. + 4-0) with a correlation coefficient between the two estimates of 0*96. In 
patients with chronic renal failure, die red cell incorporation averaged 80-5% 
in 15 patients managed widiout dialysis [1669], 84*4% in 17 patients on 
haemodialysis [1670] and 95*6% in 13 patients following renal transplantation 
[1671]. Correlation coefficients in these studies between whole-body counts and 
red cell radioiron measurements of iron absorption were i-oo, 0-94, and 0-96 
respectively. Certainly in normal subjects, red cell radioiron measurements 
provide a sufficiendy accurate estimate of radioiron absorption for most purposes. 

An important and widely used modification of die mediod of assessing iron 
absorption by die red cell radioiron content involves the direct measurement of 
red cell incorporation of radioiron by injecting it intravenously bound to 
transferrin. In a limited number of earlier studies, die two measurements were 
performed widi 6 9 Fe by administering the intravenous tracer after first obtaining 
die 14 day blood sample for die iron absorption test [458, 932, 2514]. This 
approach, however, lengthens die study by 14 days and is predicated on die 
unproven assumption diat red cell incorporation of transferrin iron does not 
change over a 14 day period. 

The availability of two separate radioisotopes of iron made it possible to 
develop a dual isotope mediod for measuring iron absorption. Following the 
original description of tiiis technique for animal studies by Saylor and Finch 
[2096], die mediod was extensively used in clinical investigations [276, 748, 
1020, 1880,1881, 2249,2350]. With diis mediod one isotope is given orally and 
the other tracer is bound »o plasma and injected intravenously. Absorption is 
calculated by relating die ratio of the two isotopes in circulating red cells 2 weeks 
later to die ratio of die administered isotopes. Excellent correlations have been 
observed when die dual tracer mediod has been compared with reliable methods, 
such as whole-body counting. In 16 patients reported by Lunn and co-workers 
[1550], die correlation coefficient between the dual isotope mediod and whole-
body counting was 0-987, widi a mean ratio of 1 -02. The same comparison was 
made in 21 patients reported by Pitcher and co-workers [1882], who obtained a 
correlation coefficient of 0-97. 

One criticism that has been levelled at the dual tracer technique is that the 
incorporation of die absorbed radioiron may differ from diat of the radioiron 
given intravenously. The theoretical concern has been raised because of studies 
showing diat when transferrin approaches complete saturation, a large portion 
of the absorbed radioiron entering the portal circulation may be deposited in 
hepatocytes during its initial transit through the liver [770, 2494]. Some 
support for this notion was obtained by Losowsky and Wikon [1527] in three 
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patients with iron overload. They noted a higher hepatic uptake of 5 9 Fe when 
it was given orally than following intravenous injection. On the other hand, 
Pitcher and co-workers [1882] found no consistent discrepancy between whole-
body counts and the dual tracer method in five patients with transferrin 
saturations greater than 70%. It would nevertheless stem prudent to use whole-
body counting as a measure of iron absorption in patients with a marked 
decrease in red cell incorporation of radioiron and/or a transferrin saturation 
greater than 80%. 

Whole-Body Counting 

Whole-body counting is now widely regarded as the method of choice when 
performing an isolated measurement of iron absorption with radioactive iron. 
Its only major limitation is the cost of the counter and, to a lesser extent, the space 
required to house it. It is particularly useful in clinical studies where the precision 
or accuracy of the double isotope technique, using simultaneous oral and intra
venous radioiron, may be reduced because of a low incorporation of absorbed 
radioiron into circulating red cells (e.g. patients with ineffective erythropoiesis, 
haemolytic anaemia or iron overload). Whole-body counting circumvents the 
unreliable and unpleasant task of faecal collections which are required when 
radioiron balance measurements are made, and eliminates the need for hospital
isation in a metabolic ward. Because all the retained radioactivity is measured 
with whole-body counting, the dose of administered radioactivity can be sub
stantially reduced in comparison with other methods. 

The principles for measuring iron absorption by wholes-body counting are 
quite simple. Before administering the radiolabeled test meal, the subject is 
first counted in order to measure background radioactivity from naturally 
occurring 4 0 K , and occasionally residual radioactivity from prior radioisotope 
studies. The test meal is then administered and a second measurement of whole-
body radioactivity is obtained 1 to 5 hours later in order to determine the total 
dose of radioactivity or the ' ioo% value'. At some later time when all un-
absorbed radioactivity has been completely excreted (usually 10 to 14 days 
later), a second measurement of whole-body radioactivity is obtained which is 
then corrected for radioactive decay and expressed as a percentage of the 
original post-administration count. The initial value for patient background 
counts which was determined before the adrninistration of the test dose is sub
tracted from both the early and later values to get a measure of the nett whole-
body radioactivity. 

The most important consideration with this approach is the type of whole-
body counter employed. A survey conducted nearly a decade ago by the Inter
national Atomic Energy Agency recorded a total of more than 150 whole-body 
counters. There are undoubtedly more than twice thb number in operation at 
the present time. In addition, because such countershave not been marketed 
commercially, the range of design and instrumentation is varied. Most of the 
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earlier whole-body counters were placed in a special room shielded with several 
inches of lead or steel. The first type of counter design employed an organic 
scintillator which was commonly placed in a cylindrical tank large enough to 
accommodate a person. The Los Alamos counter, for example, was shielded with 
20 tons of lead and consisted of a tank containing 140 gallons of liquid scintillant 
which was monitored by a total of 108 photomultiplier tubes [52]. A similar 
counter with 4 pi geometry but only 30 photomultipliers was used for iron 
absorption measurements by van Hoek and Conrad [3378] and subsequendy 
by other workers [51,1093,1094,1552,2197,2213]. Because of the large volume 
of scintillant in these systems, they afford maximum sensitivity and reduce 
counting time to a minimum. However, maximum sensitivity is not usually an 
important consideration, except perhaps when measuretn-nts sure to be done in 
children or pregnant women. The major limitation of whole-body counters 
constructed with organic scintillators is the poor resolution of gamma ray 
energies. As a result, it is usually not possible to perform studies in patients who 
have previously received other radioisotopes, such as 5 7 Co in vitamin B 1 2 and 
5 1 Cr in red cells. 

The second and more popular approach has been to use a sodium iodide 
detector within a shielded room placed at a fixed and reproducible position in 
relation to the patient. The prototype of this type of counter for measuring iron 
absorption was described originally by Price and co-workers [1936]. The patient 
was placed on a cot, although the so-called 'chair' geometry has been more 
popular in subsequent single detector systems [1492,1550,1882,1889]. More 
recent fixed-geometry systems have used multiple sodium iodide detectors. In 
different counters there have been 4 [525,1527, 1574], 8 [2208] and as many 
as 54 [474] separate sodium iodide crystal-photomultiplier units. The specific 
features and performances of diesc multiple-crystal fixed-geometry whole-body 
counters have often not been adequately documented in published reports. 

A major factor which prevented the more widespread use of whole-body 
counters for iron absorption measurements was the need for specially shielded 
rooms. The shielding for such rooms often weighed more than 50 tons and special 
buildings had to be constructed at a cost of 50,000 to 100,000 U.S. dollars. So-
called 'shadow-shielding' therefore represented a major technological advance, 
since it introduced the concept of shielding the detector only and not the whole 
room [1825,1826]. These partially shielded counters are constructed so that the 
detectors are placed entirely within the shadow of the shield, thereby preventing 
any direct exposure to high energy background radiation. The average reduction 
in background counting rates which can be achieved at each stage in the con
struction of a shadow-shield counter h been described by Boddy [236, 237]. 
Background counting rates comparable to those in shielded room facilities can 
be obtained with as little as 5 to 7 tons of lead, which has made it possible to 
construct a mobile whole-body counter. In addition, the cost and space require
ments have been substantially reduced, so that they have become available to 
most laboratories. In addition, the limited shielding avoids emotional stress in 



3 * 1 
1 5 - 11 

susceptible patients who become disturbed by even short periods of isolation in 
the shielded room. The majority of counters described in the recent past have 
incorporated the principles of shadow-shielding [236, 237, 387, 1824, 2447]. 

A second important limitation of earlier fixed-geometry whole-body counters 
was the relatively marked effect on the counting rate of the location of the 
radioactivity within die body. This resulted in pronounced fluctuations in 
whole-body counting rates during the first few hours following administration 
of the test meal while the radioactivity was being absorbed into the circulation 
and cleared by the erythroid marrow. If the radioactivity present in the abdomen 
immediately after the administration of the isotope was measured with an 
efficiency different from that when the radioactivity was in the red cell mass 2 
weeks later, then errors in the calculated figures for iron absorption would be 
anticipated. Since the variations in counting rate in the immediate post-
administration period seem to stabilise within a few hours, most workers have 
arbitrarily selected the whole-body count obtained 4 to 5 hours following the 
test dose as the ' 100% value' [689, 1429, 1550, 1574, 1882, 1936, 2114, 2213, 
2378]. Pollack and co-workers [1889] direcdy measured diis error by comparing 
die counting efficiency of orally and intravenously administered S 9 Fe. Systematic 
errors as high as 25% were observed with a 4 pi liquid scintillation counter, and 
as high as 35% with a crystal whole-body counter. Although it was suggested 
that a second dose of 5 9 Fe be given intrav - yus\y after obtaining the 2-week 
count to calibrate each subject for geometry differences, most workers have 
concluded mat this step is unnecessary [689,1527, 1820,2114]. 

There have been diree important innovations in die whole-body counting of 
6 9 Fe wim NcI(Tl) crystals which have gready reduced die effects of die size or 
build of die patient and die location of the radioisotope within die body on the 
counting rate. The first of mese is to measure die counting rates from bodi die 
anterior and posterior surfaces of die patient. This can be achieved by counting 
the patient between two (or more) opposing Nal (Tl) detectors [387, 1800, 
2447], o r » alternatively, by counting die patient witfi a single detector in first 
the prone and dien die supine position [236,237, 680]. 

The second important concept is to move die detector and the patient 
relative to each other during the counting procedure. This scanning geometry 
can be achieved by slowly transporting the patient in a mobile cot through a 
field viewed by a stationary collimated Nal crystal or crystals [236, 237, 387, 
513,1800,1824,2447]. In a typical counter of diis type, a motorised bed traverses 
a total distance of five to seven feet d uring a counting interval of 1 o to 15 minutes. 
Alternatively, die patient remains stationary while one or more mobile detectors 
scan die body during the counting procedure [1429,1820, 2197]. 

The final modification for reducing effects of differences in geometry is to 
change the portion of the energy spectrum used for differential counting. With 
well-type Nal counters, optimal counting statistics are usually obtained by 
measuring die photopeak energy, which is i-o to 1*4 MeV for 6 0 Fe. It has since 
been shown that by counting a much wider portion of the energy spectrum (0-2 
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to i«4 McV) or counting only the Compton energy region (o-r to t-o MeV), 
geometry effects can be greatly reduced (907, 1824, 2447]. For example, in a 
study by Palmer and co-workers [1824], variations in the position of a point 
source within a water phantom were reduced from ±30% widi photopeak 
counting to ± 2% with Compton scatter counting. 

By incorporating these various modifications, it is now possible to construct a 
whole-body counter at modest cosi. which is entirely independent of the location 
of M F e within die body. For example, a shadow-shield scanning bed counter 
widi four opposing 6* diameter by 4" thick Nal (Tl) detectors was constructed 
at a cost of less man 15,000 U.S. dollars [513,1824]. The net counting rate for 
a 1 o minute traverse (90 to 960 keV) was 14,400 cpm//iCi 5 8 Fe, with a background 
of 3,000 cpm. Background counts, due to *°K, were relatively constant in 
different subjects, varying between 150 and 200 cpm. The counter weighed 
about 5 tons, which meant that it could be relocated if necessary. A number of 
studies have established die accuracy of diis counter for measuring abso'ute 
levels of whole-body S 9 Fe. The ' 100% value' was obtained by counting die test 
dose prior to administration in the scanning bed after filling die bed widi small 
plastic pellets having roughly die same density as human tissue (Delrin). The 
maximum disparity between diis counting rate and die in moo counting rate 
following eidier oral or intravenous administration of 1 /*Ci 5 9 Fe was 1-7%. 
Moreover, diere was no significant variation in counting rates during die first 
48 hours following oral administration. Similarly, daily counting rates during 
the first two weeks after intravenous administration over die period when the 
radioiron was being cleared by die marrow and returned to die circulation in 
new red cells, were constant enough to detect an excretion of 0-08% body 6 9 Fe 
per day. Finally, in tiiree subjects studied repeatedly during die first two weeks 
after receiving oral radioiron, die sum of whole-body counts and excreted faecal 
radioactivity differed from die pre-administration count by no more dian 3%. 
It is therefore possible to determine iron absorption witii this counter by per
forming a single 10 minute traverse count of die patient two weeks following die 
test meal. A duplicate test dose is counted at die same time in plastic pellets with 
absorption characteristics similar to die body (Delrin) to determine the ioo% 
value. 

Method for Measuring Iron Absorption using 
Double Isotope (Oral and Intravenous) Technique 

1 Procedure 

I . I The test dose tagged with radioiron is administered between 8.00 and 
10.00 a.m. to subjects who have fasted from 10.00 p.m. on die evening 
prior to the test. 

1.2 Before administering the test dose, draw 14 to 15 ml whole blood into a 
glass vial containing dried disodium EDTA. The laboratory determina
tions which should be performed include the following: plasma iron 
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concentration, plasma iron-binding capacity, plasma ferritin concentra
tion, reticulocyte count, background count and full blood count. In 
addition, obtain a further 15 ml whole blood in a heparinised syringe 
under sterile conditions for intravenous labelling. 

1.3 Preparation and administration of the radioiron. The standard test is one 
in which 3 mg iron is given. Ferrous sulphate is used and 2 moles ascorbic 
acid are added per 1 mole iron. This same test dose has been employed 
extensively in studies of food iron absorption, where it has served as a 
reference for monitoring the iron status of the subjects studied. 

1.3.1 Prepare d*e test dose no longer than 30 minutes prior to administration 
by placing 15 mg ferrous sulphate (FeSCv7H aO) and 18 mg ascorbic 
acid in a beaker containing 1 o ml o-ooi N hydrochloric acid. Add 1 ml of 
a solution containing 5 pCi 5 5 FeCl 3 in 001 NHCL The dose should be 
administered from a vessel with a non-wettable surface. The beaker used 
for the administration of the test dose should be carefully rinsed with 25 ml 
distilled water on three successive occasions and the rinsings drunk by die 
subject. 

1.3.2 The subject should continue fasting for a further 3 hours following the 
administration of the dose. 

1.3.3 Prepare the oral 5 5 Fc standard by placing 1 ml of die radioactive solution 
(5 pCi 5 5 FcCl 3 ) in a 500 ml volumetric flask containing 100 ml o-i% 
disodium EDTA. Make die flask up to volume with die EDTA solution 
and mix thoroughly. Pipette 5 ml aliquots into 100 ml Kjeldahl flasks in 
triplicate for later wet digestion. 

1.4 Preparation and administration of intravenous radioiron. 
1.4.1 Intravenous 5 9 F e should be administered within 1 hourof die oral test dose. 
1.4.2 Add 0-3 ml sterile sodium citrate (3*8%) to a 15 ml sterile Vacutainer tube 

followed by 1-5 ftCi 5 9 Fe chloride. Add 8 ml plasma from die subject 
(obtained in 1.2), mix continuously on a rotating turntable for 30 minutes 
at room temperature and then wididraw the solution into a syringe. 

1.4.3 Prepare die intravenous S 9 Fe standard by first weighing die syringe and 
needle to the nearest mg and then placing approximately 2-5 ml labelled 
plasma in a 250 ml volumetric flask. Reweigh the syringe to the nearest 
mg to determine the weight of the standard. 

1.4.4 Make the flask up to volume with o-ooi N HCl and pipette 5 ml aliquots 
in triplicate into 100 ml Kjeldahl flasks for digestion. 

1.4.5 Inject the remaining labelled plasma intravenously by placing a 19 gauge 
needle fitted with a sterile Coleman adapter and attached to a syringe 
containing 10 ml sterile saline in die antecubital vein (see Chapter 20). 
After injecting a small volume of saline to ensure patency of die needle, 
clamp the rubber tubing and advance die needle of the syringe containing 
the test dose into the observation glass. Inject the dose and while main
taining pressure on the syringe barrel to keep it firmly expelled, release 
the clamp and rinse the tube with normal saline. 
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1.4.6 Withdraw the dose syringe and reweigh to determine the weight of the 
dose. 

1.5 Fourteen days (or more) following administration of the test meal, draw 
20 ml whole blood into a vial containing dried EDTA. Pipette triplicate 
5 ml aliquots into Kjeldahl flasks for measurement of the radioactivity 
present in blood on day 14. It should be noted that 5 ml normal blood 
must also be added to each of die Kjeldahl flasks containing the radio
active standards. 

1.6 Measure the 5 5Fe and 6 9 Fe radioactivity as described in Chapter 19 in 
order to determine the separate activity of the two tracers in whole blood. 

2 Calculations 

2.1 Subtract the patient's background counts (day o) from the nett cpm of 
5 5 Fe and s g Fe present in the day 14 blood samples. 

2.2 Calculate administered 8 5 Fe {A) 
A = cpm Standard x 500 

2.3 Calculate administered 5 9 Fe (B) 
„ „ . , Weight of dose administered 
B = cpm Standard x 250 x ° : . . 7 5 — - z 

r J Weight of standard 
2.4 Absorption of 5 5 Fe 

cpm Blood 5 5 Fe B 
A * cpm Blood 5 9 F e - X l°° 
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FLAIR CONCHOED ACTION NO 10 
In vitro Determination of Fe Bioavailability 

Draft Protocol - November 1991 
(Protocol based on method of Miller et al. 1981, Amer. J. Clin. Nutr., 
34, 2248-2256) 

Attached is a standardised protocol for the in vitro method as discussed 
at the last Flair meeting in Gandia. 

Please read the notes below which relate to specific aspects of the 
protocol which we wish to standardise. 

1. The following porcine enzymes, supplied by Sigma Chem. Co. Ltd., 
should be used: 

Pepsin Cat.no. P7000 
Pancreatin Cat.no. P1750 
Bile Extract Cat.no. B8631 

2. The protocol stipulates the use of a shaking water bath for 
incubating the digests, the settings for which are 110-120 
strokes/min where one stroke is the movement from start to the fully 
extended arm position and return to start; and the distance moved by 
the arm from start to the fully extended position is 2cm. 

3. Spectr-Por 7 membrane dialysis tubing (Spectrum laboratory products) 
cylinder diameter 20.4mm, molecular weight cut off (mwoo) 10,000, 
comes stored ii. 0.05% sodium azide. The day before use it should be 
rinsed with distilled/millipore water and soaked overnight in 0.1M 
sodium bicarbonate. 

4. Do the in vitro digestion in 1 day. Do not soak the test samples 
overnight with water. 

5. Please measure the Fe contributed by the reagents (reagent blank). 

6. Please measure the total Fe in the sample. 

7. Please include the equation you used to calculate % dialysable Fe. 

8. If you wish, please include information for any other elements in 
addition to Fe. 

9. Please do two replicate digestions of each sample type and two 
dialysates for each digestion. Please report all results. 

http://Cat.no
http://Cat.no
http://Cat.no
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FLAIR CONCERTED ACTION No 10 

In vitro Determination of Iron Bioavailability 

Method 
1) GASTRIC STAGE 

Using a 250ml acid clean vessel: 

- 10g sample + 80ml millipore or distilled water 
mix 

- add 20mg sodium ascorbate in H.O to cereal 
mix 

- adjust to pH 2.0 with 6M HC1 
mix 

59 
- add Fe; 2mg in 1ml 0.1MHC1 (add Fe,_37 kBq activity) 

make up to 100g with H O 
mix 

- add 3ml freshly prepared pepsin solution 
(1.6g pepsin/10ml 0.1M HC1) 

mix and cover 
- incubate for 2 hr @ 37°c in shaking water bath 

(shaking water bath setting: 110-120 strokes/min, 
arm movement 2cm) 

2) TITRATABLE ACIDITY 
- 20g aliquot of pepsin digest + 5ml of freshly 

prepared pancreatic mixture ( 1g pancreatin and 6.25g 
bile extract in 250ml 0.1M NaHCO.) 

- pH adjusted to 7.0 with 0.5M NaHCO^ 
- allow to equilibrate for 30 min 
- check pH 
- note the amount of 0.5M NaHCO. used 

for each sample type 

3) INTESTINAL STAGE 
- weigh aliquots (20g) of each digest into acid clean 

beakers (100ml) 
- place segments of dialysis tubing(Spectr-Por 7 

membrane, cylinder diam. 20.4mm, mwco 10,000, 
approximate length from clamp to clamp __ 160mm) 
containing 25ml NaHCO, (an amount equivalent to the 
titratable acidity in 2) above) in each beaker 
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seal the beakers with cling film and incubate 
the digests @ 37°c for 30 min in shaking water bath 
(settings as before) 
note the pH after the 30 min incubation 
add pancreatic mixture (5ml) to each 
digest and incubate for 2 hr @ 37°C in 
shaking water bath 
at end of incubation, note the pH of the digest, 
rinse the dialysis tubes with millipore or 
distilled 
water, transfer the contents to an acid clean, 
sealable container and note the weight of the 
contents 

59 determine dialysable Fe (J Fe) 


