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Abstract 

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

1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT. 

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

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

2. EXPERIMENTAL METHOD 

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

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

3. RESULTS OBTAINED 

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

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

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

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

4. CONCLUSIONS 

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

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

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

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

6 0 8 -r 
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TABLE I. THE BIOAVAILABILITY OF IRON FROM ENRICHED WHEAT ROLL AND IRON 
STATUS INDICES OF VOLUNTEERS 

Item Subjects Available iron SF SI TWC ST TS Item Subjects 

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

Women 

T. Iron deficiency anaemia T. 

n = l 

X 4.3 26.9 1.8 25 275 300 6 

T. 

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

T. 

SF<12pg /L 

X 4.3 26.9 1.8 25 275 300 6 

2. Iron deficient Iwithout anaemia) 2. 

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

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

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

3 Normal 3 

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

3 

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

3 

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

4. Total 

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

SD 1.2 7 13 41 60 51 1A 

n= 13 

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

1 Men 

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

SD 0.2 1.3 67 22 61 48 11 

n = 7 

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

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

BIOAVAILABILITY OF IRON IN VOLUNTEERS 

No. Symbol Absorbed "Fe Serum ferritin Bleeding 
days 

mg % //g/L 

Women 

1. BW 0.4 2.7 48.2 5 

2. BB 0.5 3.2 20.9 3 

3. HP 0.9 5.5 3 8 3 5 

4. ET 1.1 6.9 11.0 6 

5. JJ 1.1 6.9 19.3 5 

6. BJ 1.1 7.0 28.5 3 

7. GW 1.2 7.8 20.6 5 

8. MP 1.3 8.3 6.8 4 i 

9. GR 1.4 8.7 10.7 5 | 

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

I 12. MJ 4.2 26.3 5.2 7 

I 13 GK 4.3 26.9 1.8 7 

l Me 1.2 8 5 

j Men 
1. GT 0.2 1.3 2 2 8 7 

2. JB 0.3 2.1 128.7 

3. WJ 0.5 3.1 60.7 

4. KA 0.6 3.5 112.1 

5. SP 0.6 3.8 41.1 

7. MJ 0.6 3.9 69.6 

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

Item Subjects Available iron Hb Hct RBCC MCV MCHC Item Subjects 

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

Women 

1. Iron deficiency anaemia 1. 

n = 1 

X 4.3 26.9 9.2 34 4.1 83 27 

1. 

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

1. 

SF<12/ /g /L 

X 4.3 26.9 9.2 34 4.1 83 27 

2. Iron deficient (without anaemia) 2. 

n = 4 X 2.7 12.6 13.2 41 4.4 92 32 

2. 

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

2. 

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

3. Normal 3. 

n = 8 X 1.0 7 13.0 39 4.3 91 34 

3. 

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

3. 

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

4. Total 4. 

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

4. 

n = 1 3 

SD 1.2 7 1.1 2 5 0.2 3.6 1.9 

4. 

n = 1 3 

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

Men 

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

SD 0.2 1.3 0.7 2.6 0.3 6.5 1.9 

n = 7 

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

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



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

1. Jacobs (1972): 

2. Walters (1973): 

3. Cook (1986): 

IS = 8mg . SF 

IS = SF/0.13- 11.8 

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

anaemia 

IS = -80 . index iron deficiency 

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

EXPERIMENTAL PROTOCOL FOR ADMINISTRATION AND MEASUREMENT OF M F e 

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

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

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

Subject selection 

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

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

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

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

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

Measurements 

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

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

Iron absorption was calculated according to the formula: 

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

whole body retent ion a f t er 4 hours 

Retention was calculated with correction for marker decay. 

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

As can be concluded from this figure, the geometry of the whole body retention 
measurement with moveable detector counter is appropriate. The distance between 
detector and the vehicle is 50 cm. It assures satisfactory independence of radiation 
detection efficiency from marker distribution. The retention calculation based on 
geometrical mean value of both (prone, supine) measurements assures eliminating radiation 
absorption error due to the depth of marker localization. 
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FIG. 1. (Appendix 1) 

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

METHODS OF BIOCHEMICAL BLOOD ANALYSIS 

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

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

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

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

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

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

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

Appendix 3 

ANTHROPOMETRIC EXAMINATION 

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

BMI = W/H 3 , 

muscle circumference as (Jelliffe's) index: 

MCI = C - S.Pi 

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

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

4 , 9 5 
BF % = 4 , 5 0 

d 

where d = density 

Appendix 4 

24-HOUR RECALL FOOD INTAKE 

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

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

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

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

Appendix 5 

MEDICAL EXAMINATION 

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

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

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